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Abstract
In the present work, vortex-assisted liquid-phase microextraction (VA-LPME) and ultrasound-assisted liquid-phase microex-
traction (UA-LPME) techniques were used for the speciation of chromium  (Cr3+/Cr6+) followed by their determination using 
flame atomic absorption spectrometry. 1-(2-Pyridylazo)-2-naphthol (PAN) was used as a chelating agent to form a hydro-
phobic complex with  Cr3+; then, it was extracted by choline chloride–phenol mixture, as an extraction solvent. A solution 
of 1.0 mol L−1 ascorbic acid was used as a reducing agent to convert  Cr6+ to  Cr3+ (total chromium), and the concentration of 
 Cr6+ was determined from the subtraction of  Cr3+ form total chromium. The efficiency of two microextraction techniques was 
compared in terms of type and amount of extraction solvent, type and volume of extraction solvent, pH of solution, volume of 
tetrahydrofuran (THF), and extraction time. Based on the obtained results, the extraction recoveries of VA-LPME and UA-
LPME techniques are 52% and 60%, respectively. Therefore, UA-LPME is superior technique than VA-LPME. By optimizing 
different parameters affecting the recovery percentage (RP) of  Cr3+, the calibration curve was depicted in the concentration 
range of 1.5–375.0 ng mL−1  Cr3+ with a correlation coefficient of 0.9937. The limit of detection was 0.4 ng mL−1, and the 
relative standard deviation (RSD%) for seven replicate analyses of 50.0 µg  L−1 of  Cr3+ was 3.6%. Finally, the UA-LPME 
method was successfully applied for the determination of Cr species in different food and water samples.

Keywords Chromium species · Vortex-assisted liquid-phase microextraction · Ultrasound-assisted liquid-phase 
microextraction · Deep eutectic solvents

Introduction

In recent years, leakage of heavy metals from different 
industries has caused serious damages to the environment 
[1, 2]. Chromium (Cr) is one of the most applicable heavy 
metals in different fields such as electroplating [3], batter-
ies [4, 5], dyes and pigments [6], and catalyst [7–10]. In 
the environment, chromium mainly exists in two oxidation 
states including trivalent  (Cr3+) and hexavalent chromium 
 (Cr6+). These chemical forms have different solubility, 
mobility, bioavailability, and toxicity. In biologically views, 
 Cr6+ is more toxic than  Cr3+ because it could be permeated 
through the sulfate transport system and interact with protein 
and nucleic acid.  Cr6+ compounds are known to have toxic, 
mutagenic, and carcinogenic effects on humans and animals. 

However, Cr(III) is less toxic and it is actually an essential 
human nutrient [11, 12]. Therefore, accurate determination 
of chromium species is highly required. Up to now, different 
preconcentration methods including solid-phase extraction 
(SPE) [13–16] and liquid-phase microextraction (LPME) 
[17–23] have been used for the speciation of chromium 
ions. LPME has significant advantages such as simplicity, 
highly rapidity, and high efficiency [24–26]. However, one 
of the critical parameters in LPME is the selection of extrac-
tion solvent which should be green (non-toxic) and has high 
availability and tendency to extract the analyte.

Deep eutectic solvents (DESs) have been recently intro-
duced and used as extraction solvent in LPME techniques. 
DESs are generally composed of two or more green and 
inexpensive components that associate with each other with 
hydrogen bonds, to form an eutectic mixture with a melting 
point less than that of each individual component [27, 28]. 
DESs are usually obtained by the complexation of choline 
chloride salt as a quaternary ammonium salt (ChCl) with 
hydrogen bond donor (HBDs) compounds or metal oxides 
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[27]. Due to the many advantages of DESs such as non-
toxicity, biodegradability, easy to synthesize, and low costs, 
these solvents could be considered as green extraction sol-
vents for LPME methods. Also, these DESs exhibit similar 
physico-chemical properties to the traditionally used ionic 
liquids (IL). As compared to ILs, DESs have unique advan-
tages including (1) convenient synthesis, (2) very low price 
due to their accessible chemicals, and (3) their low toxicity, 
especially DESs derived from ChCl and renewable chemi-
cal [29].

Vortex-assisted liquid-phase microextraction (VA-LPME) 
and ultrasonic-assisted liquid-phase microextraction (UA-
LPME) are the kinds of liquid-phase microextraction tech-
niques, in which the extraction solvent could be dispersed 
in the whole of the sample solution using vortex stream and 
ultrasonic waves, respectively. Therefore, the surface-to-area 
ratio of the extraction solvents increases impressively and 
the extraction of analyte takes place in a short time [30–32].

In the present work, we have used DESs for the precon-
centration of trace levels of  Cr3+ followed by its determi-
nation with flame atomic absorption spectrometry (FAAS). 
1-(2-Pyridylazo)-2-naphthol (PAN) was used as a chelat-
ing agent to form a hydrophobic complex with  Cr3+. By 
using choline chloride–phenol (as extraction solvent) and 
THF (aprotic solvent), vortex-assisted liquid-phase micro-
extraction (VA-LPME) and ultrasonic-assisted liquid-phase 
microextraction (UA-LPME) techniques were used to inves-
tigate their efficiency for the extraction of  Cr3+-PAN com-
plex. Based on our knowledge, there is no report for the 
comparison of VA-LPME and UA-LPME as low cost, effi-
cient, green (using biodegradable extraction solvents), and 
rapid microextraction techniques for speciation of chromium 
ions. The main parameters affecting the recovery percentage 
(RP) such as pH, amounts of PAN, volume of THF, and the 
extraction time were completely investigated, and optimum 
conditions were selected.

Experimental

Instruments

A Shimadzu AA-670 (Shimadzu, Japan) flame atomic 
absorption spectrometer equipped with a 100-mm burner 
head, deuterium background correction, and an air-acety-
lene flame was utilized. A chromium hollow-cathode lamp 
(Hamamatsu Photonics, Shizuoka, Japan) at 4  mA and 
0.3 nm slit width at a wavelength of 257.9 nm was used 
as a radiation source. The pH values were measured with 
a pH meter (Metrohm 827 pH lab, Switzerland). An ultra-
sonic bath (Sonica 2200 ETH, Italy) was used for sonication 
of sample solution, and a vortex Gilson mixer (Villiers Le 
Bel, France) at 2800 rpm was used for mixing of the sample 

solution. Phase separation was assisted using a Centurion 
Scientific Centrifuge (Model Andreas Hettich D72, Tuttlin-
gen, Germany). An electronic balance (Libror, Shimadzu, 
Japan) was used for weighing of samples. Conical centri-
fuged tubes (15 mL) were used throughout the analysis and 
washed with deionized water, followed by drying at 100 °C 
before uses.

Reagents

Deionized water was used throughout the analysis. Stock 
solutions of 1000.0 mg L−1  Cr3+ and  Cr6+ were prepared 
by dissolving appropriate amounts of Cr(NO3)3.9H2O and 
 K2Cr2O7 in deionized water, respectively. 1-(2-Pyridylazo)-
2-naphthol (PAN) was used as a chelating agent and pur-
chased from Merck (Darmstadt, Germany). Choline chlo-
ride, urea, glycerol, ethylene glycol, and phenol were 
purchased from Merck (Darmstadt, Germany). HCl (Merck, 
35.5%) was used for sample digestion. L-Ascorbic acid 
(99.0%, Sigma-Aldrich, USA) was used as a reducing agent 
to convert  Cr6+ to  Cr3+. Solutions of 0.1 mol L−1 NaOH and 
HCl were used for adjusting pH values.

Experimental work

Vortex‑assisted and ultrasonic‑assisted liquid‑phase 
microextraction

Ten milliliters of sample solution containing 50.0 ng mL−1 
 Cr3+ and optimum amounts of PAN as a complexing agent 
were transferred into the conical centrifuge tube followed 
by adjusting the pH value at 6.5. Then, 350 µL of choline 
chloride–phenol (as an extraction solvent) was added to the 
sample solution. The resulting mixture was vortexed for 
2 min at 2800 rpm (VA-LPME) or sonicated for 90 s in 
an ultrasonic bath (UA-LPME) to completely disperse the 
extraction solvent into the sample solution. By centrifuging 
the resulting solution at 5000 rpm for 4 min followed by 
addition of 400 µL THF to the mixture, the fine droplets of 
extraction solvent were floating on the top of sample solu-
tion. The extraction solvent containing  Cr3+-PAN complex 
was collected by a Hamilton syringe (200 ± 10 µL) and 
injected into the FAAS to measure the absorbance of Cr.

Speciation of  Cr3+ and  Cr6+ in sample solution

To determination of total chromium, an aliquot of 1 mL of 
1.0 mol L−1 ascorbic acid was added to 10 mL of sample 
solution containing  Cr3+/Cr6+ to reduce of  Cr6+ to  Cr3+, 
followed by their analysis, according to the procedure 
explained above (total chromium). Then, the concentration 
of  Cr6+ was determined from the subtraction of these results. 
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Equation 1 shows chemical reaction for the reduction of  Cr6+ 
by ascorbic acid.

Analysis of real sample

Tap and river water

In order to determine the chromium species in tap (Sabzevar, 
Iran) and river water (Kashaf Rood, Mashhad, Iran), 10 mL 
of each sample solution was adjusted at the pH value of 6.5 
and analyzed according to the microextraction procedure.

Mushroom and soybean

Mushroom and soybean samples were purchased from 
Mashhad, Iran. 2.0 g of samples were weighted followed 
by addition of 10 mL concentrated HCl to them. Then, each 
sample was heated for 30 min at 60–70 °C, filtered by What-
man NO. 32 filter paper, and diluted to 50 mL with deion-
ized water. Finally, 5 mL of each sample was adjusted at pH 
6.5, and after dilution to 10 mL with deionized water, it was 
analyzed for determination of chromium content according 
to the microextraction procedure.

(1)
Cr

2
O

2−

7
+ 3C

6
H

8
O

6
+ 8H+ → 2Cr

3+
+ 3C

6
H

6
O

6
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Analysis of CRM‑TMDW

To the 10 mL of CRM-TMDW water sample, aliquot of 
1 mL of 1 mol L−1 ascorbic acid was added to convert  Cr6+ 
to  Cr3+. Then, after adjusting the pH value at 6, it was ana-
lyzed according to the microextraction procedure.

Optimization of critical parameters

The main parameters affecting the extraction efficiency such 
as type of extraction solvent, volume of extraction solvent, 
pH, volume of THF, amounts of complexing agent (PAN), 
and extraction time were investigated to select the optimum 
conditions.

Effect of type of extraction solvent

The selection of extraction solvent is governed by its 
selectivity and hydrophobicity to extract of hydrophobic 
 Cr3+-PAN complex. In this study, four types of DESs as 
extraction solvents including urea–choline chloride (Ur-
ChCl), glycerol–choline chloride (Gly-ChCl), ethylene gly-
col–choline chloride (EthyGly-ChCl), and phenol–choline 
chloride (Phe-ChCl) were analyzed. Based on the obtained 
results, ChCl-Phe provides the maximum RP for preconcen-
tration of  Cr3+-PAN complex. Therefore, it was selected as 
the optimum extraction solvent (Fig. 1).

Also, in order to find the optimum mole ratio of ChCl-
Phe components, different mixtures of ChCl:Phe including 
1:1, 1:2: 1:3, and 1:4 were prepared and used as extraction 

Fig. 1  Effect of type of extraction solvent on the RP of  Cr3+
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solvents. Based on the obtained results, the mole ratio of 
1:2 (ChCl:Phe) provides maximum RP for determination 
of  Cr3+ ions.

Effect of volume of extraction solvent

In order to optimize the volume of extraction solvent 
(ChCl:Phe) in VA-LPME and UA-LPME methods, differ-
ent volumes of extraction solvent in the range of 300–500 µL 
were tested. The results show that for both microextraction 
methods, 350 µL of ChCl-Phe provides maximum RP of 
 Cr3+-PAN complex (Fig. 2). The increase of RP by increas-
ing the volume of extraction solvent could be related to the 
higher surface-to-volume ratio of the extraction solvent in 
the aqueous solution. Therefore, 350 µL of extraction solvent 
was considered as the optimum value.

Effect of pH

pH of sample solution is one of the most important param-
eters affecting the stability of the metal-complexing agent 
complex; therefore, it has an important effect on the RP 
of analyte. The effect of pH on the RP of  Cr3+-PAN com-
plex was investigated in the range of 5.5–9.5. The results 
showed that (Fig. 3) pH values higher than 5.5 (in both 
microextraction methods) have similar effect on the RP of 
 Cr3+-PAN complex. However, at pH values lower than 5.5, 
the RP decreases, which could be due to the instability of 
 Cr3+-PAN complex in acidic media. Therefore, pH value of 
6.5 was selected as the optimum value for both microextrac-
tion methods

Volume of THF

THF was used as an aprotic solvent to reduce the solubility 
of ChCl:Phe extraction solvent in the sample solution. The 
effect of THF on the RP of  Cr3+-PAN complex was investi-
gated by addition of different volumes of THF in the range 
of 200–600 µL. Based on the obtained results presented in 
Fig. 4, by increasing the volume of THF, the RP of  Cr3+ 
increases which could be related to the complete aggrega-
tion of the extraction solvent until 400 µL THF that reaches 
to the maximum value for both microextraction methods. 
Therefore, 400 µL THF was selected as the optimum value.

Amounts of complexing agent

The amounts of PAN, as a complexing agent, are one of the 
main parameters affecting the RP of  Cr3+-PAN complex. By 
considering the fix amounts of  Cr3+, different molar ratios of 
PAN/Cr3+ in the range of 350, 400, 500, 600, and 700 were 
examined. The results in Fig. 5 show that, by increasing the 
molar ratio of PAN/Cr3+, the RP improves and reaches to 
the maximum value at the molar ratio 500 PAN/Cr3+ for 
both microextraction methods. However, further increases 
in PAN/Cr3+ molar ratio have no significant effect on the 
RP of  Cr3+. Therefore, the molar ratio of 500 PAN/Cr3+ was 
selected as optimum value.

Extraction time

Extraction time is also one of the significant parameters 
affecting the RP of analytes. It should be optimized critically 

Fig. 2  Effect of volume of extraction solvent on the RP of  Cr3+
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to ensure that the equilibrium conditions between acceptor 
(extraction solvent) and donor (aqueous) phases being estab-
lished. In VA-LPME, the vortex stream of solution besides 
its vibrating effect causes to accelerate of the extraction of 
 Cr3+-PAN complex into the fine droplets of DESs. How-
ever, in UA-LPME method, the ultrasonic radiation causes 
to disperse of DES solvent into the nanosized droplets. 
Therefore, it could be expected that the extraction recovery 

of  Cr3+-PAN complex in both microextraction techniques 
reaches to the maximum value in a short period of time. 
Figure 6 shows the RP of  Cr3+-PAN complex at different 
extraction times for both microextraction methods. As it 
can be seen, 1.5 min extraction time is adequate to obtain 
maximum RP of  Cr3+ for both methods. Therefore, 1.5 min 
extraction time was selected as the optimum value.

Fig. 3  Effect of pH of sample solution on the RP of  Cr3+

Fig. 4  Effect of volume of THF on the RP of  Cr3+



1710 Journal of the Iranian Chemical Society (2020) 17:1705–1713

1 3

Effect of ionic strength

Ionic strength of the sample solution has two effects on the 
RP of the analyte. (1) salting out effect which related to 
the increasing of the analyte activity due to the engagement 
of water molecules around salt ions, therefore it causes to 
the increasing of RP and (2) salting in effect which causes 

to the decreasing of dispersion of the extraction solvent in 
the aqueous solution, therefore it causes to the decreasing 
of RP. The effect of ionic strength was examined in the 
concentration range of 0–1% (g mL−1) KCl. Based on the 
obtained results (data not shown), no significant changes 
were observed in the RP of  Cr3+-PAN complex in this con-
centration range.

Fig. 5  Effect of ratio of ligand to analyte on the RP of  Cr3+

Fig. 6  The effect of extraction time on the RP of  Cr3+
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Effect of interfering ion

In order to test the effect of other ions on the RP of  Cr3+, dif-
ferent cations and anions were added to the sample solution 
containing fix amounts of  Cr3+ and subjected to the microex-
traction procedure. The results are presented in Table 1. As 
it can be seen, the proposed method has acceptable tolerance 
limit (ratio of the concentration of interfering ion to the ana-
lyte) for determination of  Cr3+ in the presence of different 
cations and anions.

Analytical figures of merit

Under the optimum conditions, the analytical figures of 
merit were calculated. The calibration curve was linear in 
the range of 1.5–375.0 ng mL−1  Cr3+ with a correlation coef-
ficient of 0.9937. The equation of the calibration curve was 
A = 0.0011CCr3+ + 0.0055, where  CCr3+ is the concentration 
of  Cr3+ in µg L−1 and A is the absorbance of sample solu-
tion. The limit of detection (LOD) based on three times of 
the standard deviation of the blank (n = 7) divided to the 
slope of the calibration curve after preconcentration step 
was 0.4 ng mL−1  Cr3+. Also, the relative standard deviation 
(RSD) for seven replicate analyses of 50.0 µg L−1  Cr3+ is 
3.6%. For both microextraction methods, the preconcentra-
tion factor (PF) which could be calculated by the volume of 
donor phase (10 mL) to the acceptor phase (0.2 mL) is equal 
to 50. However, the enhancement factor (EF) which could be 
calculated by the ratio of the slope of the calibration curve 
after preconcentration step to that before preconcentration 

step is equal to 21 and 24 for VA-LPME and UA-LPME 
techniques, respectively. Also, the extraction recovery which 
calculated by dividing of EF to PF (EF/PF) for VA-LPME 
and UA-LPME techniques is 52% and 60%, respectively. 
Therefore, UA-LPME technique was used for speciation of 
chromium in different real samples.

Analysis of real sample

The proposed UA-LPME technique was used for determi-
nation of Cr species in different real samples. In order to 
check the validity of the obtained results, spike tests were 
also performed on the samples. Also, a certified reference 
material CRM-TMDW water sample containing 20 µg L−1 
Cr was examined for its chromium content and based on 
the obtained results was 19.5 ± 0.4 µg L−1 (Student’s t test, 
df = 4, 95% confident limit). As it can be seen in Tables 2 
and 3, the proposed method could successfully determine the 
chromium species in water and food samples. 

Comparison to other techniques

The proposed LPME method was compared to the other 
microextraction techniques, and the results are presented 
in Table 4. Based on the results, the main advantages of 
the proposed UA-LPME method are high rapidity (1.5 min 
extraction time), green approach, low cost, wide linear 
range, low RSD (3.4%), and low LOD value. Therefore, it 
could be considered as an efficient microextraction method 
for determination of low amounts of chromium in real 
samples.

Table 1  The effect of diverse ions on the RP of  Cr3+

Interfering ions Tolerance limit Recovery (%)

Cl
− 1000 99.2 ± 2.2

NO
−

3
1000 97.2 ± 3.4

SO
2−

4
1000 96.1 ± 3.1

K+ 1000 95.6 ± 2.0
Na+ 1000 96.7 ± 1.9
Co2+ 1000 97.3 ± 2.5
Sn2+ 500 98.4 ± 3.0
Mn2+ 500 98.8 ± 3.6
Mo6+ 500 95.7 ± 2.3
Al3+ 500 97.3 ± 3.0
Ba2+ 500 97.2 ± 3.2
Ag+ 500 96.6 ± 3.4
Ca2+ 500 95.8 ± 2.8
Zn2+ 250 97.8 ± 3.0
Pb2+ 50 97.5 ± 3.1
Cu2+ 50 96.8 ± 2.5
Ni2+ 50 96.6 ± 2.8

Table 2  The results of the analysis of real samples for determination 
of  Cr3+

(Results: mean ± SD based on three replicate analyses)
a Sabzevar, Iran; bKashaf Rood, Mashhad, Iran

Sample Added (µg  L−1) Found (µg  L−1) Recovery (%)

Tap  watera – ND –
200.0 198.8 ± 5.0 99.5 ± 2.5
400.0 388.9 ± 7.1 97.2 ± 2.0

Mushroom – ND –
200.0 197.1 ± 8.0 98.5 ± 3.0
400.0 387.9 ± 5.1 96.7 ± 3.3

River  waterb – 21.2 ± 0.8 –
200.0 220.1 ± 7.2 94.8 ± 2.8
400.0 422.0 ± 10.1 103.8 ± 3.0

Soybean – ND –
200.0 195 ± 6.3 97.5 ± 3.6
400.0 381 ± 8.2 95.2 ± 3.5
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Conclusion

In this paper, the efficiency of two microextraction proce-
dures, vortex-assisted liquid-phase microextraction (VA-
LPME) and ultrasound-assisted liquid-phase microextraction 
(UA-LPME), was examined for the chromium speciation and 
determination using FAAS. 1-(2-Pyridylazo)-2-naphthol 
(PAN) as a chelating agent forms the hydrophobic complex 
with  Cr3+, and choline chloride–phenol was used as a green 
extraction solvent. After optimization of the critical param-
eters affecting the extraction recovery of analyte, including 
pH of sample solution, amounts of complexing agent, vol-
ume of extraction solvent, volume of THF, and extraction 
time, the obtained results show that both microextraction 
methods have short analysis time and high efficiency for 
determination of  Cr3+. However, UA-LPME method pro-
vides better extraction recovery (ER = 60%). Also, the pro-
posed UA-LPME has advantages such as wide linear range, 
low detection limit, high efficiency, short analysis time, 
easy to operate, and green aspect (biodegradable extraction 

Table 3  The results of the analysis of real samples for determination 
of  Cr6+

Results: mean ± SD based on three replicate analyses
a Sabzevar, Iran
b Kashaf Rood, Mashhad, Iran

Sample Added (ng  L−1) Found (ng  L−1) Recovery (%)

Tap  watera – ND –
200.0 195.7 ± 6.9 98.5 ± 3.1
400.0 389.5 ± 7.2 97.2 ± 2.7

River  waterb – 10.5 ± 0.4 –
200.0 211.1 ± 6.5 105.7 ± 2.5
400.0 409.8 ± 9.0 93.3 ± 2.1

Mushroom – ND –
200.0 193.4 ± 7.0 96.5 ± 3.0
400.0 379.3 ± 8.2 94.7 ± 3.1

Soybean – ND –
200.0 190.1 ± 6.4 95.0 ± 2.6
400.0 371.2 ± 9.4 92.0 ± 3.7

Table 4  Comparison of 
the proposed method by 
other analytical tools for 
determination of  Cr3+

a Linear range
b Limit of detection
c Relative standard deviation
d Preconcentration factor
e Ionic liquid vortex-assisted liquid–liquid microextraction–flame atomic absorption spectrometry
f In-tube electro-membrane extraction
g Dispersive micro-solid-phase extraction
h Surfactant-assisted dispersive liquid–liquid microextraction
i Task-specific ionic liquid-dispersive liquid–liquid microextraction
j Ultrasound-assisted ion association dispersive liquid–liquid microextraction spectrofluorimetry
k Ultrasound-assisted deep eutectic solvent-based emulsification liquid-phase microextraction method
l Ionic liquid hollow fiber liquid-phase microextraction

Method LRa (µg  L−1) LODb (µg  L−1) RSDc (%) Extraction 
time (min)

PFd References

IL-VALLME-FAASe – 0.068 < 5 < 1 – [33]
IL-VALLME-FAAS 0.2–80 0.05 1.9 1 10 [34]
IEMEf-FAAS 10–600 3 < 8.6 25 – [35]
DMSPEg-FAAS 0.5–50 0.1 3.8–4.6 < 5 200 [36]
SA-DLLME-UV-Vish 5–100 – < 5.2 < 1 25 [37]
TS-IL-DLLMEi-FAAS 25–750  (Cr3+)

50–600  (Cr6+)
5.7  (Cr3+)
11.3  (Cr6+)

1.1–2.0 – 20 [38]

UA-DLLME-SFj 1–1000 0.57 – 1 – [22]
UA-DES-ELPMEk-FAAS – 5.5 6 2 13 [39]
IL-HFLPMEl-FAAS 3–200 0.7 4.9 15 – [40]
DES-LLME-FAAS 1.3–375 0.4 3.6 1.5 50 This work
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solvent) which makes it a superior analytical method for 
speciation and determination of chromium in real samples.
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