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Abstract
A novel ultrasound assisted-cloud point extraction method was developed for preconcentration and determination of 
V(V) in beverage samples. After complexation by pyrogallol in presence of safranin T at pH 6.0, V(V) ions as ternary 
complex are extracted into the micellar phase of Triton X-114. The complex was monitored at 533 nm by spectropho-
tometry. The matrix effect on the recovery of V(V) from the spiked samples at 50 µg L–1 was evaluated. In optimized con-
ditions, the limits of detection and quantification of the method, respectively, was 0.58 and 1.93 µg L–1 in linear range of 
2–500 µg L–1 with sensitivity enhancement and preconcentration factors of 47.7 and 40 for preconcentration from 15 mL 
of sample solution. The recoveries from spiked samples were in range of 93.8–103.2% with a relative standard deviation 
ranging from 2.6% to 4.1% (25, 100 and 250 µg L–1, n: 5). The accuracy was verified by analysis of two certified samples, 
and the results were in a good agreement with the certified values. The intra-day and inter-day precision were tested by 
reproducibility (as 3.3–3.4%) and repeatability (as 3.4–4.1%) analysis for five replicate measurements of V(V) in quality 
control samples spiked with 5, 10 and 15 µg L–1. Trace V(V) contents of the selected beverage samples by the developed 
method were successfully determined.
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1. Introduction
Vanadium generally exists as two species as V(V) and 

V(IV), and V(V) is more toxic than V(IV) for living organ-
isms because it can damage the respiratory, nervous and 
digestive systems.1,2 While low levels of vanadium are nec-
essary for humans, high concentrations can cause damage 
by creating a toxic effect.  V(V) is also known to be a stron-
ger inhibitor of the enzyme Na- and K-ATPase than V(IV).3

Vanadium is more likely to be present in food.4,5 In 
fact, it generally exists at levels ranging from 1 to 5 µg kg–1 
in drinks and fruit juices,6 from 4 to 41 µg L–1 in tea infu-
sions,7 up to 90 µg L–1 in wines8 and Environmental Protec-
tion Agency (EPA) has reported that the allowed limit of 
vanadium is 50 mg L–1.9 Because of the low levels of vana-
dium in foodstuffs, development of simple, easy to use, 
safe, fast and sensitive analytical methods is of great im-
portance for environmental risk assessment. A number of 
analytical detection techniques are used for vanadium de-
termination. In general, the most commonly used analyti-

cal techniques are flame atomic absorption spectrometry 
(FAAS),10,11,12 electrothermal atomic absorption spectrom-
etry (ET-AAS), which is also known as graphite furnace 
AAS (GF-AAS),13 inductively coupled plasma mass spec-
trometry (ICP-MS),14,15 neutron activation analysis 
(NAA),16 inductively coupled plasma-optical emission 
spectrometry (ICP-OES),17 fluorometry,18,19 requiring sam-
ple pretreatment steps such as ion-exchange,20 solid phase 
extraction (SPE),21,22 liquid phase microextraction 
(LPME),23 and cloud point extraction (CPE).24–28

CPE is superior to traditional solvent extraction be-
cause of its high extraction yield and preconcentration fac-
tor, and has several advantages such as simplicity, inexpen-
siveness, operational safety and use of non-toxic  
reagents.29,30 Before detection, CPE is used as a separation 
and preconcentration method using a surfactant to cause 
the generation of micellar surroundings and phase separa-
tion when a nonionic surfactant solution (or its mixture 
with cationic or anionic surfactant) as extractant is heated 
above the critical temperature. At the determined tempera-
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ture, the surfactant-rich phase is separated from the diluted 
aqueous phase by adding a small volume of hydrophobic 
substance.31 The CPE process has successfully been used 
for the separation and preconcentration of trace levels of 
V(V) or V(IV) from different sample matrices6,29,32–36 using 
different chelating agents. In this sense, there are some 
publications dealing with CPE-spectrophotometric deter-
mination of vanadium in different sample matrices with 
their own advantages and disadvantages.24–28 Moreover, so-
lidified floating organic drop microextraction (SFODME)37 

and on-line temperature-assisted ionic liquid based disper-
sive liquid liquid microextraction (on line TA-IL-DLLME)38 
in combination with spectrophotometry as further precon-
centration tools prior to analysis were also used for sensi-
tive determination of vanadium in environmental samples.

The objective of the present study is to develop a sim-
ple, sensitive and selective ultrasound assisted-CPE (UA-
CPE) method coupled to spectrophotometry for determin-
ing vanadium levels present in beverages. Ultrasound 
energy was used to increase the extraction rate at micellar 
interface and to improve the extraction efficiency. The pro-
posed method is based on the complexation reaction of 
V(V) by pyrogallol in the presence of cationic phenazine 
group dye, safranin T as ion-pairing agent at pH 6.0, and 
extraction of the formed ternary complex into the micellar 
rich phase of Triton X-114. In order to attain high recovery, 
selectivity, and precision for the determination of V(V) in 
beverage matrices by spectrophotometry after preconcen-
tration by UA-CPE, the various analytical parameters af-
fecting the complex formation and the extraction efficiency 
with minor sample treatment were investigated and opti-
mized. The UA-CPE procedure can be an alternative to 
other separation/preconcentration procedures for the trace 
analysis of vanadium in other sample matrices of nutrition-
al and toxicological importance like foodstuffs.

2. Experimental
2. 1. Instrumentation

The absorbance measurements were performed us-
ing a double-beam UV-Visible Spectrophotometer (Shi-
madzu UV-1800 PC, Kyoto, Japan) equipped with the 1.0-
cm quartz cells. The pH measurements were made using 
Jenway 3010 pH meter (Staffordshire, UK). A centrifuge 
apparatus (Hettich Universal, Universal-320, Hettich 
Centrifuges, UK) was used for the phase-separation pro-
cedure. An ultrasonic bath operating with a frequency of 
40 kHz at power of 300 Watt (UCS-10 model, Seoul, Ko-
rea) was used efficiently to control and to keep constant 
the determined temperature for the UA-CPE. 

2. 2. Reagents and Solutions
The analytically pure reagents were used, and all 

solutions were prepared from doubly distilled water 

during the analysis. Stock solution of V(V) (1000 mg L–1) 
was prepared from ammonium metavanadate. All stan-
dard solutions were prepared daily. A 0.1 mmol L–1 safr-
anin T and 0.081 mmol L–1 pyrogallol solution were pre-
pared from standard solutions. To protect its stability 
against oxidation, it was prepared by dissolving in metha-
nol containing 1.0 mol L–1 HCl and diluting with water, 
and kept in dark. The solutions (1.0%, w/v) of Triton 
X-114 and Triton X-45 (Sigma) as extractants were pre-
pared by thoroughly mixing with vortex in 100 mL of wa-
ter, and were used without further purification. The elec-
trolyte solutions of 0.01 mol L–1 were prepared by using 
suitable amounts of KCl and KNO3 in deionized water. 
The universal Britton-Robinson buffer solutions at pHs 
ranging from 3.0 to 8.0 were prepared by mixing H3BO3, 
H3PO4 and CH3COOH at equal molar concentrations 
(0.04 mol L–1) with 0.2 mol L–1 NaOH and adjusting to a 
suitable pH value by a pH meter.

 

2. 3. Procedure for UA-CPE
In the UA-CPE, an adequate amount (approx. 3.0 

mL) of sample solution or a standard V(V) solution in a 
linear range of 2–500 µg L–1, 1.6 mmol L–1 of B-R buffer 
solution at pH 6.0, 1.6 µmol L–1 of pyrogallol, 2.0 µmol L–1 of 
safranin T, 6.0 mmol L–1 of KCl solution, and 0.05% (w/v) 
Triton X-114, respectively, were sequentially transferred to 
a conical tube. Then, the solution was diluted to 50 mL 
with water. Afterwards, the resultant solution was placed 
in an ultrasonic bath (300  W, 40  kHz) and sonicated at 
50  °C for 3 min. The final solution was centrifuged at 
4000  rpm for 15 min for separation of the aqueous and 
surfactant-rich phases. After centrifugation it was cooled 
down in an ice bath for 10 min to facilitate phase separa-
tion. After cooling in an ice bath, the supernatant aqueous 
phase was separated from the aqueous bulk phase. The 
surfactant rich phase in the tube was diluted by adding 
1.5 mL of ethanol to reduce its viscosity. The above men-
tioned procedures were also repeated for blank solution. 
At last, the total V contents as V(V) of all the pretreated 
and extracted samples and SRMs were spectrophotometri-
cally monitored at 533 nm.

2. 4. Sample Preparation
All beverage samples used in this study were pur-

chased from a supermarket in Sivas, Turkey. Firstly, 25 mL 
of beverage samples were pretreated by trichloroacetic 
acid (3.0% (w/v), 5 mL) for destruction of organic matrix 
due to being rich in protein and fat. Subsequently, the mix-
ture was mixed with vortex, precipitated at 4000 rpm for 
15 min and filtered by the membrane filter. Before analysis, 
in order to test the accuracy and precision of the proposed 
method, all samples including the pretreated milk samples 
were subjected to two digestion process in parallel, until 
obtaining completely clear, colorless, homogenous digests.
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The steps of the experimental procedure: 20 mL of 
beverage samples in plastic type boxes, 6 mL of 65% (w/w) 
HNO3 and 4 mL of 30% (w/w) H2O2 (3:2, v/v) were trans-
ferred in a 100 mL conical flask. The obtained mixture was 
heated at 120 °C nearly to dryness. The mixture was dilut-
ed to 50 mL with water after cooling to room temperature 
and centrifuged. The pH of the mixtures was adjusted to 
the desired values (7.0) using 0.1 mol L–1 NaOH solution. 
The process was then repeated to determine total V levels 
as a measure of V(V) concentration by taking approxi-
mately 3 mL of the beverage samples at the optimal condi-
tions.

The steps of the second sample digestion treatment 
using ultrasound:  20  mL of the samples, a mixture of 
4 mol L–1 HNO3, 4 mol L–1 HCl and 0.5 mol L–1 H2O2 (1:1:1, 
v/v) were sequentially transferred to the 100 mL conical 
flask. Then, the resultant solution was diluted to 100 mL 
with water and kept in the ultrasonic bath for 20 min at 
60 °C (300 W, 40 kHz). The phases were separated by cen-
trifugation for 15 min at 4000 rpm. The separated solution 
was completed to 50 mL with water, and its pH was adjust-
ed to 7.0 by NaOH solution. The process was applied to 
determine total V levels as a measure of V(V) amount by 
taking approximately 3 mL of the sample under the opti-
mal conditions.

3. Results and Discussion 
In order to determine the optimum conditions, the 

analytical variables involved in complex formation such as 
pH, buffer concentration, concentrations of pyrogallol as 
chelating agent, safranin T as ion pairing reagent and sur-
factants, including operational factors affecting extraction 
efficiency such as centrifugation rate and time, tempera-
ture and time for the determination of V(V) at 50 μg L–1 
were investigated in detail.

3. 1. Effect of pH
CPE procedures used in the separation and ex-

traction of metal ions need the formation of a hydrophobic 
metal-chelate complex to be extracted in the surfac-
tant-rich phase. The pH plays a significant role in met-
al-chelate complex formation. It affects the charge of the 
analyte, therefore it affects the generation of the extract-
able hydrophobic complex between the metal and prima-
ry/secondary ligands with the hydrophilic and hydropho-
bic centers of surfactant.39 Thus, extraction efficiency is 
highly dependent on the pH at which complex formation 
is investigated. A set of similar experiments were carried 
out in the pH range of 3.0–8.0 in Britton Robinson buffer. 
The effects of pH on the extraction of V(V) complex are 
given in Figure 1(a). In the pH range of 5.5–6.0, extraction 
was quantitative. When the pH values are below or above 
6.0, extraction efficiency decreases due to uncomplete 

complex formation and probable degradation of the com-
plex (for fast oxidation of VO(OH)+ species with dissolved 
oxygen) at increased pHs, respectively.33 The V(V) ion is 
often present in forms of VO2

+ (pH < 3.5), H2VO4
− or 

VO2(OH)2
– (pH 3.5–7.5) and HVO4

2− or VO3(OH)2– (pH 
7.513.0).40,41 However, V(IV) starts to hydrolyze and di-
merize at pH 4.0; the pKa value of the [VO(H2O)5]

2+  ion 
has been noticed to be in the range 5.3–6.0. At pH 5.0, in-
soluble VO(OH)2 starts to form, which turns into wa-
ter-soluble [(VO)2(OH)5]

− and [VO(OH)3]
– complexes in 

strongly alkaline aqueous solution. As a result of reduction 
of V(V) to V(IV) in the presence of a reducing, chelating 
agent such as pyrogallol (HL) and redox sensitive ion-pair-
ing reagent, safranin T, it can be expected that V(IV), pro-
portional to V(V) concentration, forms a pH dependent 
anionic chelate complex in presence of safranin T as fol-
lows: 

VO2(OH)2
– + 2HL →VO2L2- + 2H2O		   (1)

VO2L2
– + 2H+ + e– →VOL2 + H2O		   (2)

VOL2 + SF+ + H2O → [VO(OH)L2-
 …SF+], 

ion-association complex + H+			   (3)

Therefore, pH 6.0 was selected as the optimal value. 
When considering complex formation with V(V) or 
V(IV), it is implied that V(V) can be reduced to V(IV) eas-
ily owing to the sufficient redox potential (VO2 

+/VO2+: 
1.00 V in a strongly acidic solution) given in the litera-
ture.42 Also, it was assumed that V(V) was reduced to 
V(IV), and this fact was confirmed by ESR analysis of va-
nadium adsorption on a persimmon tannin gel from the 
NH4VO3 solution at pH 6.0, due to the formation of a sta-
ble complex of V(IV) with catechol and pyrogallol groups 
in the gel. With a complex formation constant of pKf: 
16.67, this state is attributed to the fact that vanadyl cat-
ion,VO2+, a strong acid, forms stable complexes with both 
strong bases, catechol and pyrogallol, as a result of the tan-
nin gel adsorbs VO2+ ions with high efficiency.43 In a simi-
lar way, it was confirmed that in the interaction with 
2,6-dithiolphenol at pH 4.0, V(V) initially reduced to 
V(IV), and the produced V(IV) gave anionic chelate com-
plex, VOL2

2–, and then formed ion-pairing complexes with 
hydrophobic amines , o-, m- and p-toluidine derivatives 
(as R-NH3

+) detected by both spectrophotometry and ESR 
spectrometry.44 Moreover, so as to support the mechanism 
of complex formation, from potentiometric titration data 
obtained in two separate studies,45,46 including other stud-
ies based on ion-association,47,48 it has been observed that 
pKa value of chelate complex formed between vanadyl ion, 
VO2+ and pyrogallol at pHs near to neutral is 5.40 where it 
spontaneously forms a highly stable complex with a logKf 
ranging from 22.97 to 21.68 at pHs near to neutral, gradu-
ally decreasing with increasing temperature in range of 
25–45 °C. Also, under optimal conditions, it has been ob-
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served that after pre-reduction and hydrolysis in absence 
and presence of safranin T as ion pair, vanadium is com-
plexed with pyrogallol in form of anionic VO(OH)L2

– with 
a logKf of 20.9 with relative error of –3.6% at pH 6.0, and 
then extracted as the hydrophobic ternary complex in 
form of VO(OH)L2SF into the micellar phase with stoi-
chiometric ratios 1:2 and 1:2:1, as determined using the 
molar ratio and Job’s continuous variation methods. In 
light of all these findings, the influence of buffer concen-
tration in range of 0.15–2.0 mmol L–1 at pH 6.0 in Figure 
1(b) was also investigated, and the maximal and stable sig-
nal was provided at a buffer concentration of 1.6 mmol L–1.

reaches the maximum value while pyrogallol concentra-
tion linearly increases up to a concentration of 1.6 µmol 
L–1. At higher concentrations than 1.6 µmol L–1, the analyt-
ical signal gradually decreases, due to the charge transfer 
complex formation between pyrogallol and safranin T in 
absence of V(V) by donor-acceptor mechanism.49 There-
fore, pyrogallol concentration of 1.6 µmol L–1 was chosen 
as the optimal concentration for the subsequent experi-
ments.

The influence of safranin T amount as ion-pairing 
reagent on the extraction yield of V(V) was studied in the 
range of 0.4–7 µmol L–1; the obtained results are represent-
ed in Figure 2(b). The absorbance value increased with in-
creasing ion-pairing concentration for V(V), so as to show 
a linear relationship with two different slopes. However, 
the absorbance sharply increases with a sensitivity increase 
of 9-fold in low concentration region of 0.4–2 µmol L–1. 
After the concentration of 2 µmol L–1, in a similar way, the 
absorbance shows a linear increase in range of 2–7 µmol 

Figure 1. The influence of (a) pH and (b) B-R buffer concentration at 
pH 6.0 on the analytical signal. Conditions: 50 μg L–1 V(V), 1.6 µmol 
L–1 pyrogallol, 2.0 µmol L–1 safranin T, 6.0 mmol L–1 KCl solution, and 
0.05% (w/v) Triton X-114 at 50 °C and incubation for 3 min.

3. 2. �Effect of Pyrogallol and Safranin T 
Concentrations
At the optimal pH, the influence of the pyrogallol 

amount as the main chelating agent in the range of 0.3–
4 µmol L–1 was studied, and the results are demonstrated in 
Figure 2(a). It can be seen that the analytical signal value 
for V(V) initially increases with increasing slope and 

a)

b)

a)

b)

Figure 2. The influence of (a) pyrogallol concentration and (b) sa-
franin T concentration at pH 6.0 on the analytical signal. Condi-
tions: 50 μg L–1 V(V), 0.8 mmol L–1 B-R buffer at pH 6.0, 6.0 mmol 
L–1 KCl solution, and 0.05% (w/v) Triton X-114 at 50 °C and incuba-
tion for 3 min.
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L–1, but this increase in signal slows down with a lower 
slope, so as thermodynamically to reach a plateau at a sat-
uration point. Perhaps, the aggregation of safranin T at 
higher concentrations may cause a decrease in the absor-
bance value. The literature findings show that safranin T, 
which is a redox-sensitive dye, has a dimerization constant 
of KD: 4.73 at high concentrations.50 Thus, 2 µmol L–1 of 
safranin T was determined as the optimal value for further 
studies.

3. 3. Effect of Triton X-114 Concentration
The nonionic surfactant concentration as extractant 

is one of the most important factors affecting the CPE of 
metal ions. Usually, non-ionic surfactants such as Triton 
X-114, Triton X-45, PONPE 7.5 were extensively used in 
CPE of V(V). The non-ionic surfactants are used to create 
micelle aggregates, these very efficiently capture the com-
plexes, so as to get simple phase separation. The surfactants 

have relatively low cloud point temperature, high extraction 
yield, are commercially available, of high purity, nonvola-
tile and of low toxicity.51,52, However, surfactant concentra-
tions in range of 0.006–0.06% (w/w) were used. Figure 3(a) 
shows the effect of non-ionic surfactant concentration, the 
maximal extraction efficiency and higher signal was ob-
tained by using 0.05% (w/w) Triton X-114 while a concen-
tration of 0.06% (w/w) for Triton X-45 was needed. Thus, 
Triton X-114 with a significant sensitivity difference was 
chosen as adequate non-ionic surfactant. Its concentration 
of 0.05% (w/v) was fixed for subsequent studies. At values 
above this concentration, the extraction efficiency was 
slightly lower due to the increase in the volume and the 
viscosity of the surfactant-rich phase.53 Below this value, 
the decrease in the absorbance as a measure of extraction 
efficiency is due to deficiency of the surfactant assemblies 
to extract the hydrophobic complex quantitatively.54

3. 4. Effect of Ionic Strength
The ionic strength of the solution can influence the 

extraction process and yield of extraction owing to altered 
density of the aqueous phase and remarkably simplify 
phase separation. Therefore, the effect of ionic strength on 
the CPE was also studied by observing the extraction effi-
ciency for several electrolyte solutions such as KCl and 
KNO3 concentration in the range 1–7 mmol L–1. The values 
in Figure 3(b) show that the presence of increased concen-
tration of electrolyte can increase the micelle size and ag-
gregation amount and a decrease in the equilibrium tem-
perature is observed, but the critical micelle concentration 
(CMC) remains stable. Besides, inorganic salts enhance the 
hydrophobic interactions among surfactant aggregates and 
analytes. The obtained results indicate that both electrolyte 
solutions can affect the UA-CPE. However, the best analyt-
ical signal was provided at a KCl concentration of 
5.0 mmol L–1 with a significant sensitivity difference. There-
fore, 5.0 mmol L–1 KCl was chosen as optimal value.

3. 5. �Effects of Equilibrium Temperature and 
Incubation Time
In this study, equilibrium temperature and incuba-

tion time were also optimized. In order to obtain the max-
imal preconcentration factor from sample volume of 
15 mL, the UA-CPE should be performed at temperatures 
higher than the determined temperature for cloud-point. 
The effect of equilibrium temperature for Triton X-114 was 
studied in range of 30–60 °C under ultrasonic power 
(300 W, 40 kHz). The matrix became blurry when the solu-
tions were placed in the ultrasonic bath with temperature 
equal to and higher than 30 °C due to its low cloud point 
temperature (23 °C), and the temperature had a notable 
effect on the extraction yield and the analytical signal was 
maximal in temperature range of 45–50 °C. Figure 4(a) 
shows that the absorbance of the analyte reaches maxi-

a)

b)

Figure 3. The influence of (a) nonionic surfactant concentration 
and (b) electrolyte concentration at pH 6.0 on the analytical signal. 
Conditions: 50 μg L–1 V(V), 0.8 mmol L–1 B-R buffer at pH 6.0, 1.6 
µmol L–1 pyrogallol, 2.0 µmol L–1 safranin T at 50 °C and incubation 
for 3 min.
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mum in 50 °C. The decrease in absorbance at temperature 
higher than 50 °C is likely due to the dissociation of the 
metal-chelate complex. Therefore, 50 °C was selected as 
the optimal temperature. The effect of incubation time on 
UA-CPE at 50 °C was studied within the range of 1–20 
min in order to attain the equilibrium between two 
phases. From results in Figure 4(b), it is clear that an in-
cubation time of 10 min is enough for quantitative ex-
traction of analyte by UA-CPE. 

The effect of centrifugation time at 4000 rpm was 
studied for time interval 5–20 min. It was found that a cen-
trifugation time of 15 min was sufficient for efficient phase 
separation. 

3. 6. Effect of Viscosity
Since the surfactant-rich phase provided by UA-CPE 

is quite viscous, in order to facilitate the detectability of 
samples by spectrophotometer, the viscosity must be re-

duced by addition of a diluent into the surfactant-rich 
phase. To establish the most suitable diluent, several or-
ganic solvents such as THF, acetone, acetonitrile, ethanol 
and methanol was investigated. From calibration curves 
constructed between absorbance and vanadium concen-
trations of 10, 20, and 40 µg L–1 with a wavelength differ-
ence ranging from 3 to 15 nm, ethanol gave the best ana-
lytical sensitivity (m/s, where m and s, respectively, are the 
slope of calibration curve and standard deviation of mea-
surement) and was found to be suitable for dilution of sur-
factant-rich phase. Therefore, the surfactant-rich phase 
was diluted to 1.5 mL using ethanol. At these conditions, 
the analytical signals were maximal and reproducible.

3. 7. Effect of Sample Volume
A significant amount of sample solution is necessary 

to provide the maximal enrichment factor in terms of a new 
method development. The compatibility with Beer’s law 
was studied by monitoring the absorbance of serial solu-
tions of V(V) in different concentrations. For this purpose, 
3, 5, 10, 15, 20, 25, 30 and 35 mL of solutions containing 
600 ng of V(V) were pretreated and extracted by UA-CPE 
under the optimal conditions. For this purpose, the sample 
volume was sequentially varied from 3 to 35 mL, the ex-
traction was performed, the extract was diluted to 1.5 mL 
with ethanol, and the absorbance of each sample was mea-
sured against a sample blank. The results showed that by 
increasing the sample volume up to 15 mL, the extraction 
efficiency was gradually increased and became constant at 
higher volumes. Therefore, a sample volume of 15 mL was 
selected as optimal for maximal enrichment factor. 

3. 8. Analytical Figures of Merit
Under the optimized conditions, as can be seen in Ta-

ble 1, the limits of detection and quantification (LOD: 
3sblank/m and LOQ: 10 sblank/m, in which the sblank and m, 
respectively, are the standard deviation of ten replicate 
measurements of sample blank and slope of the calibration 
curve) of the method for V(V) were 0.58 and  1.93 µg L–1, 
the recovery rates were in range of 93.8–103.2% (25 , 100 
and 250 µg L–1, n: 5), the precision (as RSD%) was in range 
of 2.6–4.1% (25, 100 and 250 µg L–1, n: 5), the linear work-
ing range was 2–500 µg L–1, and the sensitivity enhance-
ment factor was 47.7 for enrichment or preconcentration of 
15 mL sample by UA-CPE. The sensitivity enhancement 
factor was calculated from the slopes of the calibration 
curves established after and before preconcentration, in 
which the linear working range without preconcentration is 
40–1200 µg L–1 with limits of detection and quantification 
of 9.1 and 30.3 µg L–1. The corresponding linear regression 
equations after and before preconcentration are as follows:

Abs = (2.29 ± 0.20) × 10–3C[V(V), µg L–1] + (7.1 ±  0.44) 
× 10–3 with r2: 0.9943 after preconcentration by UA-CPE,

Figure 4. The influence of (a) incubation temperature and (b) incu-
bation time at pH 6.0 on the analytical signal. Conditions: 50 μg L–1 
V(V), 0.8 mmol L–1 B-R buffer at pH 6.0, 1.6 µmol L–1 pyrogallol, 2.0 
µmol L–1 safranin T, 6.0 mmol L–1 KCl solution, and 0.05% (w/v) 
Triton X-114.

a)

b)
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Abs = 4.8 × 10–5 C [V(V), µg L–1] + 0.0135 with r2: 
0.9965 before preconcentration.

Another variable that describes the preconcentration 
process, such as consumptive index (CI),55 was deter-
mined. The consumptive index is described as the sample 
volume (mL), consumed to reach a unit of enrichment fac-
tor (EF): CI = Vsample (mL) / EF, where Vsample is the sample 
volume.

Under the optimal conditions, the absorption spec-
tra of the micellar system, which has a maximum absorp-
tion at 533 nm, for three concentration levels of V(V) (2, 5 
and 10 µg L–1) including a sample blank is presented in 
Figure 5(a). Also, linearity fit with a sensitivity increase of 
9-fold in slope of calibration for linear working range of 
2–10 µg L–1 is given in Figure 5(b).

3. 9. The Matrix Effect
In this study, in order to show the selectivity of the 

method, the effect of possible interference of some metal 
ions on the quantitative analysis of V(V) (50 µg L–1) was 
tested. The results obtained in this investigation are sum-
marized in Table 2. A relative error of less than 5% was 
considered to be within the range of acceptable error. It is 
clear that interfering ions, which can potentially be found 
in environmental samples with tolerance ratio ranging 
from 25 to 1500, did not exhibit a matrix effect in determi-
nation of 50 µg L–1 of V(V) by this procedure. Therefore, it 
can be concluded that the developed method is fairly se-
lective.

3. 10. �The Analytical Applications of the 
Method

The analytical applicability of the developed UA-
CPE method was checked by the quantitation of V(V) in 

Table 1. The analytical features of the proposed preconcentration method

Analytical parameters	 After preconcentration 	 Before preconcentration
	 with UA-CPE	 with UA-CPE

Linear working range, µg L–1(n: 10)	 2–500	 40–1200	
Intercept, b	 (7.1 ± 0.44) × 10–3	 0.0135	
Slope, m	 (2.29 ± 0.20) × 10–3	 4.8 × 10–5	

Regression coefficient, r2	 0.9943	 0.9965	
Limit of detection, LOD µg L–1	 0.58	 9.1	
Limit of quantification, LOQ, µg L–1	 1.93	 30.3	
RSD % (25, 100 and 250 µg L–1, n: 5)	 2.6–4.1	 2.35–3.80	
Recovery % (25, 100 and 250 µg L–1, n: 5)	 93.8–103.2	 96.5–101.5	
Sample volume, mL	 15	 –	
Consumptive index, mL	 0.375	 –	
Enrichment or preconcentration factor*	 40	 –	
Sensitivity enhancement factor**	 47.7	 –	

*The factor, described as ratio of sample volume to consumptive index, in which the extraction and preconcentration of V(V) is quantitative for 
sample volume of 15 mL.  **The ratio of slopes of the calibration curves with and without preconcentration with UA-CPE.

Figure 5. (a) The absorption spectra of the micellar system with 
increasing V(V) concentration at 2, 5 and 10 µg L–1 plus sample 
blank as a function of measurement wavelength (nm), λmax (b) The 
linearity fit of the micellar system between V(V) concentration in 
range of 2–10 µg L–1 and absorbance corrected against sample blank 
at 533 nm.

a)

b)
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Table 2. The interfering effect of the possible matrix components on three replicate meas-
urements of 50 µg L–1 of V(V) (n: 3)

Coexisting ions	 [Interferent] / [V5+] 	 Mean recovery ±
	 ratio	 SD* (%)

Na+, K+, NH4
+, Ca2+, Mg2+	 1500:1	 98.0 ± 2.5

Zn2+	 1250:1	 101.0 ± 3.5
F–, NO3

–, Cl–, Br–, Mn2+, Fe2+	 1000:1	 97.2 ± 3.5
SO4

2–, HPO4
2–, HCO3

–	 750:1	 98.0 ± 2.5
Cd2+, Ag+	 600:1	 97.5 ± 2.5
As3+, Sb3+, Mn2+	 500:1	 96.0 ± 2.5
Ni2+	 500:1	 101.5 ± 2.5
Pb2+	 400:1	 97.5 ± 3.0
Formaldehyde, phenol	 350:1	 97.4 ± 2.0
Sn2+, Al3+	 250:1	 98.5 ± 2.5
Co2+, Cr3+	 200:1	 97.5 ± 2.5
NO2

–, C2O4
2–	 150:1	 96.5 ± 3.0

HSO3
–, Ascorbic acid	 100:1	 94.5 ± 2.5

V4+, Sn4+	  75:1	 101.0 ± 2.5
Fe3+, Cu2+	 50:1	 98.1 ± 3.0
Mo6+	 25:1	 95.5 ± 2.5

* The percent recoveries plus standard deviations obtained from three replicate measure-
ments of binary mixtures

Table 3. (a) The verification of the method accuracy by the replicate measurements of total V levels in the selected CRMs without and with spiking 
at levels of 5 and 15 µg L–1 after pretreatment and dilution (n: 5)

The CRMs	 Certified value, 	 After wet digestion with	 After ultrasonic-assisted extraction with	**The one-
 	 µg L–1 or µg kg–1	 mixture of conc. 	 mixture of 4.0 mol L–1 HNO3-4.0 mol L–1	 paired
		  HNO3-H2O2 (3:2, v/v) at 130oC	 HCl-0.5 mol L–1 H2O2 (1:1:1, v/v) at 60oC	 t-test
		  Added	 *Found	 RSD %	 Recovery %	 Added	 *Found	 RSD %	 Recovery %	

SRM 1643e 	 37.86 ± 0.59 µg L–1	 –	 38.5 ± 0.7	 1.8	 –	 –	 37.6 ± 0.6	 1.6	 –	 2.04, 0.97
Trace elements 	 	 5	 43.2 ± 0.8	 1.9	 94.0	 5	 42.3 ± 0.8	 1.9	 98.0	 –
in water	 	 15	 53.1 ± 1.0	 1.9	 97.3	 15	 52.4 ± 1.0	 1.9	 99.3	

SRM 1515 	 ***52 ± 3 µg kg–1 	 –	 50.8 ± 2.1	 4.1	 –	 –	 51.5 ± 2.0	 3.9	 –	 1.28, 0.56
Apple leaves	 after dilution at	 5	 55.4 ± 2.2	 4.0	 92.0	 5	 56.2 ± 2.1	 3.7	 94.0	 –
	 1:5 ratio	 15	 65.3 ± 2.3	 3.5	 97.0	 15	 66.2 ± 2.2	 3.3	 98.0	 –

* The mean values plus their standard deviations of five replicate measurements  ** The tabulated t-value is 2.78 for degree of freedom of 4 at 95% 
confidence interval for the statistical comparison of the mean values obtained by two analytical methods with certified value  *** Where the certified 
value is 260 ± 30 µg kg–1 (k: 2.0 for 95% confidence interval)

Table 3. (b) The reproducibility and repeatability for the replicate measurements of total V in quality control samples spiked with 5, 10 and 15 µg L–1 
(n: 5)

Samples	 Spiked 		  Intra-day precision			   Inter-day precision
	 concentration, µg L–1	 *Found	 Recovery%	 RSD%	 *Found	 Recovery%	 RSD%

Semi-skimmed 	 –	 14.8 ± 0.5	 –	 3.4	 14.5 ± 0.6	 –	 4.1
milk	 5	 19.5 ± 0.6	 94.0	 3.1	 19.1 ± 0.6	 92.0	 3.1
	 10	 24.6 ± 0.7	 98.0	 2.8	 24.0 ± 0.7	 95.0	 2.9
	 15	 29.6 ± 0.8	 99.0	 2.7	 29.1 ± 0.8	 97.0	 2.7

Apple vinegar	 –	 55.8 ± 2.0	 –	 3.6	 55.5 ± 2.2	 –	 4.0
	 5	 60.5 ± 2.1	 94.0	 3.5	 60.0 ± 2.2	 90.0	 3.7
	 10	 65.4 ± 2.2	 96.0	 3.4	 65.0 ± 2.3	 95.0	 3.5
	 15	 70.5 ± 2.3	 98.0	 3.3	 70.1 ± 2.4	 97.0	 3.4

*The mean values plus their standard deviations of five replicate measurements
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beverages in contact with plastic products. The standard 
calibration curve was used in sample analysis. The accura-
cy and the validity of the extraction process was checked 
and verified by analysis of two standard reference materi-
als, SRM 1515 Apple leaves and SRM 1643e Trace elements 
in water, representing the sample matrix. These data are 
summarized in Table 3(a). The obtained results were statis-
tically in good agreement with the certified values with 
and without dilution. Also, the intra-day and inter-day 
precision studies for reliability of the results were conduct-
ed for the five replicate measurements of vanadium in 
quality control samples spiked with 5, 10 and 15 µg L–1, 
shown in Table 3(b). The intra-day and inter-day precision 
(as RSD%) have been in range of 2.7–4.1% and 2.7–3.6% 
for the selected sample matrices, apple vinegar and semi-
skimmed milk, respectively, while the recovery rates from 
spiked samples are in range of 94.0–99.0% and 92.0–97.0%. 

Finally, the method after preconcentration with UA-
CPE was applied to the determination of trace V(V) in some 
beverage samples after pretreatment with two different di-

gestion procedures. The obtained results and the recoveries 
for the spiked samples are presented in Table 4. These results 
demonstrate that the recoveries for the spiked samples are in 
range of 95–98% with a lower RSD than 4.6%. When the 
mean values obtained by two analytical digestion approach-
es are compared, it can be seen that the experimental t-val-
ues (0.16–1.15) are statistically lower than the tabulated 
t-value of 2.31 for degree of freedom of 8 at 95% confidence 
interval, so as not to show a significant difference between 
the results. These results clearly indicate that the developed 
method can be reliably applied to the analysis of the selected 
beverage samples without any matrix effect.

3. 11. �Comparison to Other Reported 
Preconcentration Methods

A comparison of the method performance with 
those of other preconcentration methods in literature for 
vanadium determination in beverage samples is given in 
Table 5.  Apparently, the presented method has low LOD 

Table 4. The results of total V analysis in beverages in contact with plastic products (n: 5)

Samples	 After wet digestion with mixture of conc. 	 After ultrasonic-assisted extraction with	 **The
	 HNO3-H2O2 (3:2, v/v) at 130oC	 mixture of 4.0 mol L–1 HNO3-4.0 mol L–1 	 two-paired
		  HCl-0.5 mol L–1  H2O2 at 60oC	 t-test
	 Added, 	 *Found,	 RSD%	 Recovery%	 Added, 	 *Found, 	 RSD%	 Recovery%	
	 μg L–1	 μg L–1			   μg L–1	 μg L–1

Semi-skimmed milk	 –	 15.1 ± 0.6	 4.0	 –	 –	 14.8 ± 0.5	 3.4	 –	 0.23
	 10	 24.7 ± 0.8	 3.2	 96.0	 10	 24.5 ± 0.7	 2.9	 97.0	 –
Buttermilk	 –	 14.3 ± 0.5	 3.5	 –	 –	 14.1 ± 0.5	 3.5	 –	 0.22
	 10	 23.8 ± 0.8	 3.4	 95.0	 10	 23.8 ± 0.7	 2.9	 97.0	 –
Grape vinegar1	 –	 56.4 ± 2.0	 3.5	 –	 –	 56.1 ± 2.0	 3.6	 –	 0.16
	 10	 66.1 ± 2.2	 3.3	 97.0	 10	 65.8 ± 2.1	 3.2	 97.0	 –
Apple vinegar1	 –	 75.5 ± 2.5	 3.3	 –	 –	 75.2 ± 2.4	 3.2	 –	 0.20
	 10	 85.2 ± 2.6	 3.1	 97.0	 10	 84.8 ± 2.5	 2.9	 96.0	 –
Grape vinegar2	 –	 36.7 ± 1.2	 3.3	 –	 –	 36.4 ± 1.2	 3.3	 –	 0.40
	 10	 46.3 ± 1.4	 3.0	 96.0	 10	 46.1 ± 1.3	 2.8	 97.0	 –
Apple vinegar2	 –	 42.3 ± 1.5	 3.5	 –	 –	 39.8 ± 1.4	 3.5	 –	 0.48
	 10	 51.8 ± 1.6	 3.1	 95.0	 10	 49.5 ± 1.5	 3.0	 97.0	 –
Pomegranate	 –	 13.8 ± 0.6	 4.3	 –	 –	 13.5 ± 0.5	 3.7	 –	 0.36
	 10	 23.5 ± 0.8	 3.4	 97.0	 10	 23.1 ± 0.7	 3.0	 96.0	 –
Orange juice	 –	 39.3 ± 1.3	 3.3	 –	 –	 38.8 ± 1.3	 3.4	 –	 0.48
	 10	 48.8 ± 1.5	 3.1	 95.0	 10	 48.6 ± 1.5	 3.1	 98.0	 –
Apricot juice	 –	 35.5 ± 1.2	 3.4	 –	 –	 35.2 ± 1.2	 3.4	 –	 0.39
	 10	 45.2 ± 1.5	 3.3	 97.0	 10	 44.8 ± 1.4	 3.1	 96.0	 –
Cherry juice	 –	 14.3 ± 0.5	 3.5	 –	 –	 14.0 ± 0.5	 3.6	 –	 0.41
	 10	 24.0 ± 0.8	 3.3	 97.0	 10	 23.7 ± 0.8	 3.4	 97.0	 –
Apple soda	 –	 15.7 ± 0.6	 3.8	 –	 –	 15.5 ± 0.6	 3.9	 –	 0.79
	 10	 25.5 ± 0.8	 3.1	 98.0	 10	 25.2 ± 0.8	 3.2	 97.0	 –
Lemonate soda	 –	 10.6 ± 0.4	 3.8	 –	 –	 10.3 ± 0.4	 3.0	 –	 0.70
	 10	 20.2 ± 0.7	 3.5	 96.0	 10	 20.0 ± 0.6	 3.0	 97.0	 –
Banana flavored milk	 –	   8.6 ± 0.4	 4.6	 –	 –	   8.3 ± 0.3	 3.6	 –	 1.15
	 10	 18.3 ± 0.6	 3.3	 97.0	 10	 18.0 ± 0.5	 2.8	 97.0	 –
Cherry flavored milk	 –	   9.5 ± 0.4	 4.2	 –	 –	   9.6 ± 0.4	 4.2	 –	 0.71
	 10	 19.2 ± 0.7	 3.6	 97.0	 10	 19.3 ± 0.6	 3.1	 97.0	 –

* The mean values plus their standard deviations of five replicate measurements  ** Based on statistical comparison of the mean values obtained by 
two analytical digestion approaches, in which the tabulated t–value is 2.31 for degree of freedom of 8 at 95% confidence interval.
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(0.58 µg L–1), wide linear range (2–500 µg L–1), minimal 
solvent consumption, quantitative recovery (93.8–103.2%), 
good accuracy (2.6–4.1%) and precision (2.4–4.1%), short 
analysis time (13 min), high sensitivity enhancement fac-
tor (47.7) and reasonable enrichment factor (40) from pre-
concentration of 15 mL of sample, and these analytical 
features are comparable or even better than those of most 
of the other preconcentration methods in Table 5. The 
combination of the UA-CPE with spectrophotometry as 
an alternative to the other previously reported detection 
techniques such as FAAS, ET-AAS, GF-AAS and ICP-OES 
offers several advantages including simplicity, easy to use, 
inexpensiveness, high recoveries, high preconcentration 
factor, and great extraction yield. The proposed method 
provides advantages such as wider linear working range, 
lower limit of determination, and precision with a reason-
able sensitivity enhancement factor.

4. Conclusions
In this study, a new, accurate, precise, sensitive and 

selective UA-CPE procedure for extraction and precon-
centration of trace vanadium present in the selected bever-
ages using safranin T and pyrogallol at pH 6.0 has been 
reported before its determination by spectrophotometry at 
533 nm. The UA-CPE procedure is simple, easy to use, 
safe, rapid, eco-friendly and inexpensive preconcentration 

tool. After separation and preconcentration of analyte 
from sample matrix, spectrophotometry at 533 nm as de-
tection tool, which does not require expert user in his/her 
area and that can be readily accessible in almost every an-
alytical research laboratory, was reliably used to monitor 
the vanadium levels in sample matrix. The method allows 
detection of vanadium at levels of 0.58 µg L–1 with sensitiv-
ity enhancement of 47.7, thus it can be used as an alterna-
tive to other analytical methods in the monitoring of free 
vanadium in the complex samples. The method was suc-
cessfully applied to the extraction, preconcentration and 
determination of total V (as V(V) selected as analyte) in 
beverage samples after pretreatment with acid mixture, 
and satisfactory results were obtained.
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Povzetek
Razvili smo novo ekstrakcijsko metodo s surfaktantom in s pomočjo ultrazvoka za predkoncentracijo in določitev V(V) 
v vzorcih pijač. Po tvorbi kompleksa s pirogalolom v prisotnosti safranina T pri pH 6,0 smo V(V) ione ekstrahirali kot 
ternarni kompleks v micelarno fazo Tritona X-114. Kompleks smo spremljali pri 533 nm s spektrofotometrijo. Ocenili 
smo učinek matrice na izkoristek ekstrakcije V(V) iz obogatenih vzorcev (koncentracija 50 µg L–1). Pri optimalnih po-
gojih je bila meja zaznave 0,58 µg L–1, meja določitve 1,93 µg L–1 pri linearnem območju 2–500 µg L–1 in s povečanjem 
občutljivosti 47,7 ter s predkoncentracijskim faktorjem 40 za predkoncentracijo iz 15 mL raztopine vzorca. Izkoristki 
iz obogatenih vzorcev so bili v območju 93,8–103,2% z relativnim standardnim odklonom od 2,6% do 4,1% (25, 100 
in 250 µg L–1, n: 5). Točnost smo preverili z analizo dveh certificiranih vzorcev in rezultati so se dobro skladali s certi-
ficiranimi vrednostmi. Natančnost znotraj dneva in med dnevi smo preverili z določitvijo ponovljivosti (3,3–3,4%) in 
obnovljivosti (3,4–4,1%) na petih ponovitvah analize V(V) v vzorcih za kontrolo kvalitete z dodanimi 5, 10 in 15 µg L–1 
vanadija. Z razvito metodo smo uspešno določili koncentracije V(V) v sledovih v izbranih vzorcih pijač.
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