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ABSTRACT
In this paper, effervescence-assisted dispersive liquid-liquid microextraction was proposed for selective extraction and preconcentration of 
Cr (VI) prior to its quantitative determination by UV-Vis spectrophotometry. Before employing the method, Cr (VI) ions available in the 
samples were complexed with 1,5-diphenylcarbazide in an acidic medium. Experimental parameters influencing the performances of the 
method including pH, the concentration of the complexing agent, type and volume of both extraction solvent and effervescent agent, stability 
of the complex, and effect of extraction time were thoroughly studied and optimized. Calibration curve plotted from 0.005–2.0 mg L−1 
demonstrated good linearity (R2 = 0.9992). The limits of detection and quantification of the method were 0.001 and 0.005 mg L−1, respectively. 
The method provided an enrichment factor of 21.4. Precision studies in terms of repeatability, intermediate precision, and reproducibility 
were conducted at three concentration levels and their RSD values were <6.2. The ruggedness of the method studied at different wavelengths 
(535–545 nm) had RSD values <3.3. The recoveries of the method were from 83.0–117.6%. Finally, the proposed method was successfully 
applied for the determination of Cr (VI) from various matrices including tap, well, and river water; tannery effluent; milk; and orange juice 
samples.
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INTRODUCTION

Environmental contamination due to Cr has become a major concern 
due to its high concentration in the soil and water. Industrial applications 
such as electroplating, dyeing of textiles, leather processing, steel 
production and tanning factories release Cr containing effluents into 
the environment.1,2 Chromium mainly exists in the environment as 
Cr (III) and Cr (VI). Cr (III) is essential for plants and animals as well 
as exhibits less toxicity and mobility. However, Cr (VI) is highly toxic 
to humans, animals, plants, and microorganisms.3–7 Cr (VI) occurs as 
HCrO4

−, CrO4
2− and Cr2O7

2−, which are potent oxidant under acidic 
conditions. It has the ability to penetrate cells, and attached to proteins, 
DNA and membrane lipids.6,8,9 The International Agency for Research 
on Cancer (IARC) classified Cr (VI) as Group 1 human carcinogen 10.

Cr (VI) is highly soluble in water and mobile in soil. Thus, it can 
easily contaminate water, soil and ultimately contaminate crop that 
may cause serious health hazards in humans and animals through 
food chain.6,9 Exposure to Cr (VI) may cause human health problems 
such as internal hemorrhage, respiratory ailments (including lung 
cancer), teeth abnormalities, kidney and liver damage as well as skin 
rashes.11,12 According to World Health Organization (WHO) and 
united states environmental protection agencies (USEPA) the allowed 
tolerable limit is 0.05 and 2 mg L−1 for Cr (VI) and total chromium in 
drinking water, respectively.2,13 

Various analytical techniques such as flame atomic absorption 
spectrometry (FAAS),3,14,15  dynamic reaction cell inductively coupled 
plasma mass spectrometry (DRC-ICP-MS),16 anodic electrothermal 
atomic absorption spectrometry (EAAS),17 ultraviolet-visible (UV-
Vis) spectrophotometry12,13,18–20 and high-performance liquid 
chromatography (HPLC) with UV detection21,22 have been used for 
determination of Cr (VI). However, due to its low concentration and 

complexity of real samples selective extraction and/or preconcentration 
step is needed prior to its determination.

Several selective sample preparation methods including 
homogeneous liquid-liquid-extraction (HLLE),3 salting-out liquid-
liquid extraction (SA-LLE),23 solid phase extraction (SPE),14,15,16,22,24 
supported liquid membrane (SLM),25 electromembrane extraction 
(EME) combined with micro-EME (µ-EME),17 and various versions 
of dispersive liquid-liquid microextraction (DLLME)4,8,1318,19,21,26–31 
have been used for extraction and/or preconcentration of Cr (VI) 
prior to its quantitative determination from various matrices. In the 
last couple of decades, DLLME has been widely used for extraction 
and/or preconcentration of organic and inorganic pollutants due to its 
simplicity, selectivity, greenness and other several advantages. 

To improve the selectivity, simplicity, greenness, and/or speed 
of extraction and/or preconcentration process of DLLME method, 
several noteworthy alternative approaches, including deep eutectic 
solvent DLLME (DES-DLLME),18 surfactant-assisted dispersive 
liquid-liquid microextraction (SA-DLLME),19 emulsification-
based dispersive liquid microextraction (EB-DLME)21, ultrasound 
enhanced air-assisted surfactant liquid-liquid microextraction 
based on the solidification of a floating organic droplet (UA-DES-
ELPME),28 supramolecular dispersive liquid–liquid microextraction-
based solidification of floating organic drops (UEAASLLM-SFO),29 
ultrasound-assisted emulsification microextraction (UAEME)8,27,30 
and so on have been reported. However, most of these procedures 
comparatively use higher volumes of disperser solvent which may 
increase the solubility of target analytes in aqueous samples. Some 
of these methods also require special equipment such ultrasound 
sonicator and vortex agitator.8,27–31 

Recently, effervescence assisted DLLME (EA-DLLME) has been 
reported as another impressive alternative method to the existing 
DLLME approaches. EA-DLLME procedure was first reported in 
2014 by Lasarte-Aragonés and coworkers.32 The method is based on 



RESEARCH ARTICLE	 A  Kebedea, G Tilachewa, G Chirfa and A Gure	 128
	 S. Afr. J. Chem., 2022, 76, 127–133
	 https://journals.co.za/content/journal/chem/

effervescent reaction; a reaction between an effervescent agent and a 
proton donor. The reaction generates CO2 that disperses the extractant 
in aqueous samples. The EA-DLLME method has been used for 
extraction and/or preconcentration of silver and cobalt ions from 
cow milk, vitamin B12, orange juice, and tap water;33 copper ion from 
tap and lake water;34 fungicides from apple juice 31 as well as vinegar 
and juices;35 herbicides from water;32 cationic and anionic surfactants 
from lake and river water;36 synthetic dyes (sunset yellow and brilliant 
blue FCF) from jelly, fruity Pastel, smarties, ice cream and candy;37 
ketoprofen and diclofenac in liver;38 benzoylurea insecticides from 
river water;39 as well as copper and nickel ions from river, surface, 
and well water as well as peach and orange juices40 prior to their 
quantitative determinations. 

In this paper, EA-DLLME was proposed for the extraction and/or 
pre-concentration of Cr (VI) from tap and river water, tannery effluent, 
milk as well as orange juice samples prior to its determination by UV-
Vis spectrophotometry. Different parameters affecting the extraction 
efficiency of the method were investigated and the optimal conditions 
were established. The analytical performance characteristics of the 
proposed method were compared with different DLLME approaches 
and other recently reported methods.

EXPERIMENTAL

Chemicals and reagents

Phosphoric acid, (H3PO4, 85%) was purchased from Thermo fisher 
(Kandel) GmbH (Kandel, Germany), sulfuric acid (H2SO4, 98%), 
sodium bicarbonate (NaHCO3, 99%) and sodium carbonate (Na2CO3, 
99%), calcium carbonate (CaCO3), 1, 5-diphenylcarbazide (DPC), 
copper sulfate (CuSO4), cobalt chloride (CoCl2), and 1000 mg L−1 in 2% 
HNO3 of each metal ion (Cd2+ in 2% HNO3, Fe and V) were purchased 
from Merck (Darmstadt, Germany), nitric acid (HNO3, 65%) was 
obtained from Blulux laboratories, P. Ltd (Haryana, India). Glacial acetic 
acid (99.9%) and hydrogen peroxide (H2O2, 30%) were purchased from 
Fisher Scientific UK, Ltd (Leicestershire, UK). Potassium dihydrogen 
phosphate (KH2PO4), citric acid (C6H8O7), potassium hydroxide 
(KOH), and potassium dichromate (K2Cr2O7 were obtained from BDH 
Chemicals Ltd (Poole, England). Methanol (CH3OH), chloroform 
(CHCl3), dichloromethane (Cl2CH2, and carbon tetrachloride (CCl4) 
were supplied by Loba Chemie Pvt, Ltd (Mumbai, India). 

Solution preparation 

A standard solution of Cr (VI) (1000 mg L−1) was prepared by 
dissolving 2.83 g of K2Cr2O7 in 0.01 mol L−1 of HNO3. Intermediate 
solution was prepared daily by dilution of the stock solution with 
distilled water. Then, working solutions were prepared by diluting the 
intermediate solution with distilled water. A stock solution of DPC, 
1000 mg L−1, was prepared in methanol and stored in the dark at 
4 °C. Phosphate buffer was prepared from KH2PO4 and of K2HPO4.  
Solutions containing 3 mol L−1 of KOH, H2SO4, citric acid, ascorbic 
acid, and K2HPO4 were separately prepared and used during the study. 

Instrument and apparatus 

Absorbance measurements were carried out using double beam UV-
Vis spectrophotometer Analytik Jena Specord 200 Plus (Analytik Jena 
GmbH, Jena, Germany), Portable pH meter from Hanna instruments 
(Póvoa d Varzim, Portugal), a Centrifuge, model 800 from Jiangsu 
Zhenji instruments Co., Ltd. (Jiangsu, China), Whatman filter paper 
(no. 542, 110 mm), purchased from Whatman International Ltd 
(Maidstone, England) were used during the study.

Sample collection and preparation

Milk sample

Milk samples were collected from local milk vendors at Abba Hassan 

village of Jimma town, Jimma, Ethiopia. The collected samples were 
transported to Jimma University Analytical Chemistry Research 
Laboratory and kept in refrigerator until analysis. Before the 
analysis, samples were pretreated following the reported procedure.33 
Accordingly, milk sample was first thawed and then, properly 
homogenized by manually shaking. Then, 10 mL of 2 N acetic acid was 
added to 10 g of milk sample. The mixture was placed in a refrigerator 
for 20 min; subsequently proteins were precipitated. Afterwards, the 
content was centrifuged for 10 min at 4000 rpm and as a result fat layer 
was formed on the top, and proteins were precipitated at the bottom of 
the solution. Finally, the supernatant solution containing the analyte 
of interest was collected and subsequently, extracted by the proposed 
EA-DLLME method after adjusting its pH to 3.

Orange juice sample 

A procedure reported by Moghadam and coworkers33 was used 
for pretreatment of a juice sample. Orange juice was prepared by 
compression of fresh oranges collected from local market in Jimma 
town. The juice sample was filtered through Whatman filter paper and 
centrifuged for 15 min at 4000 rpm. Subsequently, 6 mL of concentrated 
HNO3 and 24 mL 10.0% (w/v) H2O2 were added to10 mL of the filtrate. 
The resulting solution was again filtered and the obtained filtrate was 
then transferred into a 100 mL volumetric flask and then filled to the 
mark with distillated water. Finally, its pH was adjusted to 3.0, and 
then, the proposed extraction method was performed.

Water samples

The tap water sample was taken from the Jimma University Analytical 
Chemistry Research Laboratory. Well and River water samples 
were collected from Abba Hassan village and Hawetu river (a river 
that cross the Jimma town). Water samples were filtered through a 
Whatman filter paper to remove suspended materials.4,18,33 Then, the 
pH of the samples was adjusted to 3.0 and subsequently extracted by 
proposed method.

Tannery effluent

The tannery effluent sample was collected from Mojo Tannery 
industries area, using 2-L polyethylene plastic containers  Mojo town, 
Oromia Regional State, Ethiopia. The collected sample was acidified by 
adding 1 mL of conc. HNO3 at the sampling site and transported to the 
Jimma University Analytical Chemistry Research Laboratory and kept 
in refrigerator until analysis. Before analysis, 25 mL of the previously 
filtered tannery effluent through a Whatman filter paper was taken 
into a 100 mL volumetric flask. Then, the remaining volume was filled 
to the mark with distilled water.41 Finally, its pH was adjusted to 3.0, 
and extracted by the proposed method.

EA-DLLME procedure

First, 10 mL aqueous solution containing 2 mg L−1 Cr (VI), 0.5 mL 
H2SO4 (0.05 mol L−1) and 300 µL DPC (1000 mg L−1) were taken into a 
15 mL falcon tube. After standing for 5 min (for the complete complex 
formation), its pH was adjusted to 3 by adding 150 µL phosphate 
buffer. Subsequently, a mixture of 400 µL CHCl3 and 750 µL NaHCO3 
(2 mol L−1) were rapidly injected into the sample using medical syringe, 
with special needle. Then, 750 µL H2SO4 (3 mol L−1) was slowly 
injected to release CO2 bubbles. The generated CO2 bubbles induced 
homogeneous distribution of the extraction solvent, CHCl3, as fine 
droplets throughout the aqueous sample and thus, the metal–ligand 
complex was rapidly extracted into the fine droplets of the extraction 
solvent. After completing the effervescent reaction, the solution was 
allowed to stand for 3–5 min, to settle down the extraction solvent. 
Finally, the organic phase was withdrawn using medical syringe with 
a special needle, transferred to quartz cuvette and the absorbance was 
recorded at 542 nm.
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RESULTS AND DISCUSSION

Spectral characteristics

The absorption spectra of 0.75 mg mL−1 Cr (VI) solution, DPC, and 
Cr (VI)-DPC complex were recorded in the range of 400–700 nm 
(Figure 1). It was observed that Cr (VI) solution and DPC have shown 
insignificant absorption compared to the Cr-DPC complex, which 
has shown the maximum absorbance at 542 nm. Thus, 542 nm was 
selected as a monitoring wavelength throughout the experiments.

Optimization of the EA-DLLME procedure

Effect of pH on extraction

The pH of sample solution plays a significant role on the extractability 
of the metal-ligand complex.18 The effect of pH was studied in the 
range of 1–7. The obtained results demonstrated that the extraction 
efficiency increased with rise of pH of the sample solution up to 3 and 
then decreased gradually at higher pH values. Thus, pH 3 was selected 
for the subsequent experiment.

Effect of amount of complexing agent

The amount of the complexing reagent is an important parameter 
since it affects the formation of the complex. The amount of the 
complexing agent added should be enough to form the complex with 
the available metal ion in the sample solution.42 Thus, different volumes 
of 1000 mg L−1 DPC, ranging from 100–600 µL were investigated. The 
absorbance of the complex increased with increasing of the volume 
of DPC up to 300 µL and then, remains constant up on addition of 
higher volumes. Thus, 300 µL of 1000 mg L−1 DPC was chosen as the 
optimum volume for subsequent works.

Effects of the type and volume of the extraction solvent

Selection of appropriate extraction solvent is an important parameter 
in EA-DLLME. Accordingly, to use as an extraction solvent, it 
should have  higher density than water, low solubility in water, and 
high extraction capability for the target analyte/s.31 In this work, 
CHCl3, CH2Cl2, and CCl4 were investigated as extraction solvents. 
The obtained results demonstrated that CHCl3 exhibited the highest 
extraction efficiency than the other two solvents. Hence, it was selected 
as the extraction solvent in the subsequent experiments.

The volume of the extraction solvent is another important parameter 
that can influence the extraction performance of the presented 
method.21,29,34,35 To attain an optimal volume, different volumes of 
chloroform ranging from 200–700 μL were tested. At lower volumes, 
phase separation was not clear and sufficient to take. The absorbance of a 
solution was increased up to 400 μL and then, declined at higher volumes. 
Hence, 400 μL was selected in the subsequent experimental work.

Type and amount of effervescence agents

Effervescence agents consisted of two constituents: a CO2 source and 
a proton donor. The efficiency of EA-DLLME is highly influenced 
by the amount and composition of effervescent agents.34,43 In this 
study, the effects of the type of proton donors and CO2 sources were 
separately investigated. Different proton donors including H2SO4, 
citric acid, ascorbic acid, and K2HPO4 were investigated. To study 
their effects, 750 μL of 3 M of each proton donor, and 750 μL of 
2 M Na2HCO3 as CO2 source were used. The findings demonstrated 
that the highest extraction efficiency was recorded when H2SO4 was 
used (Figure 2). Therefore, H2SO4 was selected as a proton donor for 
subsequent experiments. 

The effect of carbon dioxide source was also studied by using three 
different salts including Na2CO3, NaHCO3 and CaCO3. As can be seen 
from Figure 3, the highest extraction efficiency was obtained when 
NaHCO3 was used and hence, it was selected in further study.

An effervesce reaction, i.e., the reaction that take place between 
CO2 source and proton donor, is also strongly dependent on 
the concentrations (molar ration) of the two components. Thus, 
determining their appropriate concentration levels is important 
to achieve the maximum extraction efficiency of the method.34,43 
Accordingly, the amount of CO2 source was investigated by varying its 
concentration from 1 to 5 M. The extraction efficiency was increased up 
to 2 M NaHCO3 and then, slightly decreased at higher concentrations. 
Thus, 2 M was selected as optimum concentration in the subsequent 
experimental work. Similarly, the effect of concentration of the proton 
donor (i.e. H2SO4) was also studied by varying its concentrations 
from 1 to 5 M using 750 μL of 2 M NaHCO3 as CO2 source. It was 
observed that the extraction efficiency of the method increased with 
the concentration of H2SO4 up to 3 M and then abruptly decreased 
at higher concentrations. Therefore, 3 M of H2SO4 was selected as 
optimum concentration for further experiments.

Stability of complex (Cr-DPC) 

The stability of the complex formed was investigated by standing the 
resulting extracts in dark for 10–180 min. It was observed that the 
absorbance of the complex formed was not significantly changed 
until 120 min, but above 120 min, the absorbance started to decrease 
indicating the decomposition of the complex. Mohammad and 
coworkers18 also reported similar findings.

Figure 1. Spectra of Cr (VI), DPC and Cr (VI)-DPC complex

Figure 2. Effect of the type of proton donor

Figure 3. Effect of carbon dioxide source
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Effect of extraction time

In EA-DLLME, extraction time is the time elapsed from cloudy solution 
formation to the start of centrifugation.4 The effect of extraction time 
was investigated from 1.0–9.0 min. The findings demonstrated that the 
extraction efficiency of the method was slightly increased up to 3 min 
and then, became constant. In general, extraction time has limited 
effect on the extraction efficiency of the method. Hence, 3 min was 
selected for subsequent works.

Interference studies

To investigate the selectivity of the proposed method, the effect of 
potentially interfering ions such as Cd (II), Cu (II), Co (II), Fe (III) 
and V was studied. It was studied by spiking known concentrations of 
each interfering species from 100–600 mg L−1 in to an aqueous sample 
containing 2 mg L−1 of Cr (VI). Each interfering ion was considered 
to be tolerable if it caused < 5% variation in the absorbance signal.2,18 

It was observed that the tolerance limit of Cd (II) and Fe (III) was 
500 mg L−1 whereas, the tolerance limit of Co (II) was 600 mg L−1. 
V and Cu (II) exhibited relatively lower tolerance limits. But, the 
interfering effect of V was rapidly diminished after 20 min, indicating 
the instability of V-DPC complex after 20 min. Literature report 
also indicated that the interfering effect of Cu (II)-DPC complex is 
unstable after 40 min.44 Therefore, V and Cu (II) could not interfere 
in the determination of Cr (VI) provided that their determination is 
made after 20 and 40 min, respectively.  

Method validation 

Calibration curves and analytical performance 
characteristics

A calibration curve was constructed using nine concentration levels 
ranging from 0.005–2 mg L−1 of Cr (VI) standard solution. Each level 
was extracted in duplicate and analyzed in triplicates. Calibration 
curve was obtained by plotting the absorbance as a function of the 
concentration of the target analyte. The obtained calibration curve 
has linear equation of y = 0.213x + 0.0011 and exhibited wide linear 
dynamic range, acceptable r2 = 0.999. The LOD and LOQ of the 
proposed method which were determined from the standard deviation 
(SD) of the blank samples (n = 15) as 3SD and 10SD of the samples 
were 0.001 and 0.005 mg L−1, respectively. The proposed method has 
also demonstrated satisfactory enrichment factor, EF = 21.44. The EF 
was obtained from the ratio of the analyte concentration after extract 
(Ce) to the concentration of analyte in the sample, before extraction 
(Cs).

Precision study

The precision of the proposed method was evaluated in terms of 
repeatability (intra-day precision), intermediate precision (inter-
day precision) and reproducibility at three concentration levels 
(Level 1: 0.25, Level 2: 0.75, and Level 3: 1.25 mg L−1). Repeatability 
was evaluated by extracting two samples for each concentration level 
twice in a day (in the morning and afternoon) and analyzing each in 
triplicate. Intermediate precision was evaluated for five consecutive 
days. Reproducibility was evaluated from the results of two analysts. 
The obtained results, which were reported as RSD, are presented in 
Table 1. As can be seen, the proposed method exhibited satisfactory 

precision, RSD below 6.5. 

Ruggedness

Ruggedness is the capacity of an analytical procedure to produce 
unbiased results in the presence of small change in experimental 
conditions.45 In this study, ruggedness was investigated by measuring 
absorbance of the three concentration levels at different monitoring 
wavelength ranging from 535–545 nm. The obtained RSD values for 
all concentration levels were less than 3.3, indicating the ruggedness 
of the developed method. 

Applications of the method and recovery studies

 Applicability of the proposed method has been evaluated by analyzing 
real samples and performing percent recovery (%RR) studies. Six 
different real samples including tap, well and river water, tannery 
effluent, milk and orange juice samples were used to evaluate the 
applicability of the method. %RR studies were performed by spiking 
each sample with three known concentration levels earlier used for 
the precision studies. Each concentration level was extracted in 
duplicates and analysed in triplicates. The obtained recoveries (%RR 
± RSD) were ranged from 83.0–117.6% (Table 2). These values were 
within the acceptable range. 

As can be observed from Table 2, except in milk sample, Cr (VI) 
was determined in all the studied samples. As expected the highest 
concentration of Cr (VI) (0.57 mg L−1) was determined in tannery 
effluent. From water samples the river water contained relatively 
higher concentration of the analyte.  

Comparison with other methods

The proposed EA-DLLME-UV-Vis method has been compared with 
other recently reported methods for the extraction and determination 
of Cr (VI) from water and other samples (Table 3). Compared to the 
conventional DLLME, EA-DLLME does not use organic disperser 
solvent. It also does not need special instruments or apparatus such 
as ultrasonic or vortex agitator to enhance dispersion of the extraction 
phase. The method demonstrated comparable analytical performance 
characteristics to those reported in the literature. The proposed 
method also uses conventional laboratory apparatus and small volume 
of organic solvent, which are available in any research laboratories. 
Thus, the proposed EA-DLLME-UV-Vis method could be used 
as alternative method for determination of Cr (VI) from different 
matrices such as orange juice, cow milk, water (tap water, river and 
well) and tannery effluent.

CONCLUSIONS

An EA-DLLME, technique was developed for extraction and/
or preconcentration of Cr (VI) from different matrices, prior 
its determination by UV-Vis spectrometry. In the procedure, 
homogeneous dispersion of the extraction solvent into the aqueous 
sample is easily achieved by addition of appropriate amount of 

Level Intra-day (n = 12) Inter-day (n = 30) Reproducibility (n = 12)

1 1.1 5.4 1.6

2 1.9 4.6 2.0

3 1.3 6.2 1.7
Level 1: 0.25 mg L−1; Level 2: 0.75 mg L−1; Level 3: 1.25 mg L−1

Table 1. Precisions study

Sample type Level 1 Level 2 Level 3 Conc. in sample 
(mg L−1)

Milk 108.4 ± 1.9 98.8 ± 1.9 97.5 ± 0.1  DNQ

Orange 83.1 ± 0.2 83.0 ± 2.2 92.3 ± 1.7 0.02 ± 0.0003
Tannery 
Effluent 91.4 ± 2.5 88.1 ± 2.4 83.4 ± 5.4 0.57 ± 0.03

River water 101.3 ± 0.3 117.6 ± 2.1 96.4 ± 3.5 0.13 ± 0.04

Well Water 102.6 ± 4.9 112.4 ± 3.5 96.1 ± 5.4 0.08 ± 0.002

Tap water 100.3 ± 1.7 106.7 ± 2.6 106.9 ± 2.1 0.03 ± 0.002

DNQ: Detected but not quantifiable

Table 2. Recovery study
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effervescence agents. Different parameters affecting the extraction 
efficiency of the proposed method have been evaluated and the 
optimal conditions have been established. The optimized method has 
demonstrated satisfactory analytical performance of characteristics 
such as wide linear dynamic range; with coefficient of determination, 
r2 = 0.999; LOD = 0.001 mg L−1; LOQ = 0.005 mg L−1; and EF = 21.4. 
Intra-day, inter-day precision and reproducibility of the method were 
less than 6.5%. The ruggedness of the method studied at various 
wavelengths ranging from 535-545 nm was less than 3.3% indicating 
its ruggedness in the studied wavelength range. The method has shown 
its applicability for determination of Cr (VI) in orange juice, cow milk, 
tap water, well water and river water as well as tannery effluent. The 
obtained recoveries of Cr (VI) in these real samples were ranging from 
83.0-117.6%. Generally, the proposed method could be used as simple 
and attractive alternative for determination of Cr (VI) from different 
matrices.
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