Hindawi

Journal of Chemistry

Volume 2023, Article ID 8857010, 8 pages
https://doi.org/10.1155/2023/8857010

Research Article

@ Hindawi

Salting-Out Assisted Liquid-Liquid Extraction of Cr (VI) from
Water Samples before Its Determination by

UV-Vis Spectrophotometry

Jote Dame, Feyisa Wedajo, Guyo Jilo Molole

, and Abera Gure

Department of Chemistry, College of Natural Sciences, Jimma University, P. O. Box 378, Jimma, Ethiopia

Correspondence should be addressed to Abera Gure; aberagure@gmail.com

Received 12 May 2023; Revised 30 September 2023; Accepted 13 October 2023; Published 30 October 2023

Academic Editor: Maria C. Yebra-Biurrun

Copyright © 2023 Jote Dame et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This paper proposes salting-out assisted liquid-liquid extraction for selective extraction of a Cr (VI)-1,5-diphenylcarbazide
complex before its determination by UV-Vis spectrophotometry. Parameters affecting the complexation process and the ex-
traction efficiency of the method were studied. The highest extraction efficiency was obtained when acetonitrile was used as an
extraction solvent and (NH,4),SO, was used as a salting-out agent. Under optimum conditions, the calibration curve constructed
at seven concentration points exhibited good linearity from 0.015 to 2.00 mg/L with a 0.9973 coefficient of determination. The
method’s detection and quantification limits were 0.004 and 0.015 mg/L, respectively. The method showed a 5.8 enrichment factor.
The intra- and inter-day precisions studied at two concentration levels (0.75 and 1.25mg/L) showed relative standard deviation
values of <9.0. The recoveries of the spiked water samples at the two concentration levels ranged from 88.0 + 2.5 to 97.3 + 0.1%. The
method demonstrated negligible interferences (<5%) for Fe, Cu, V, and Cd up to 500 mg/L. The findings showed that the method
is simple, rapid, efficient, and selective to be used as an alternative procedure for analyzing Cr (VI) from water and other related

matrices.

1. Introduction

Chromium (Cr) is a toxic contaminant that has attracted
attention due to its widespread use in industries [1]. Cr and
its salts are used in electroplating, tanning, dyeing, mining,
cement manufacture, metallurgy, and chemical industries.
Thus, effluents discharged from these industries can elevate
the amount of Cr in an environment, especially in surface
and ground waters. In the environment, Cr mainly occurs as
trivalent chromium, Cr (III), and hexavalent chromium, Cr
(VI), which have different physicochemical properties and
toxicities [2]. Cr (III) is beneficial in trace amounts. It is used
for glucose, protein, and fatty acid metabolisms. However,
Cr (VI) is a highly toxic or an extremely carcinogenic
agent [3].

Depending on the pH of the aquatic environment, Cr
(VI) occurs as H,CrOy4, HCr,O7, Crzog‘, and CrOi_ [4]. For
instance, it occurs as CrO:” from the pH of 6.5 to 14 [4],

which spans the pH range of normal biological [5] and
environmental water [6] systems. CrOi_ ions can enter cells
via the sulphate/phosphate anion-transport system. In cells,
it can be converted to Cr (III) by cellular reductants that
involve the multi-step electron transfer process [4, 7] and
formation of intermediate species that can damage DNA,
disrupt transcription, and cause genotoxicity and malignant
alterations in the cell [2-4]. Cr (III) can also be converted to
Cr (VI) in an oxidizing medium but this is less likely to
happen. Environmental contamination due to Cr is thus
related to Cr (VI) species. It has carcinogenic and mutagenic
effects in humans and inhibits growth and development as
well as survival time of fish and plants among the living
organisms [2-4, 8]. Owing to its toxicity, the World Health
Organization (WHO) and the United States Environmental
Protection Agency (USEPA) have set the maximum per-
mitted limits for Cr (VI) in groundwater and drinking water
at 0.1 mg/L and 0.05mg/L, respectively [9].
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Different analytical techniques can be used for the de-
termination of total Cr and its species such as Cr (III) and Cr
(VI) and these techniques were reviewed by Jyothi et al. [10]
as well as Dawra and Dabas [11]. Among these techniques,
the spectrophotometric method is extensively used for the
determination of Cr (VI), mainly after chelating with 1, 5-
diphenylcarbazide (DPC) [12-18]. However, before its in-
strumental determination, sample preparation involving
extraction and preconcentration of the low-level concen-
tration of Cr (VI) from real samples is necessary.

Classical sample preparation methods such as liquid-
liquid extraction (LLE) and solid phase extraction (SPE)
have been used for extraction and preconcentration of Cr (VI)
from different sample matrices [10, 11]. Nevertheless, these
methods have several inherent drawbacks including use of
high volumes of toxic organic solvents, generation of large
volumes of wastes, and long processing times. In the last few
decades, various modern sample preparation methods that
use small volumes of pure or mixtures of organic solvents
have been reported as selective, sensitive, and environmen-
tally benign alternatives for extraction and preconcentration
of Cr (VI) from various samples [9, 12-19].

For instance, among the modern sample preparation
methods, surfactant-assisted  dispersive  liquid-liquid
microextraction (SA-DLLME) [18], ultrasound-assisted
supramolecular solvent DLLME [19], in-syringe magnetic
stirring-assisted DLLME [20], deep eutectic solvent-based
DLLME [16], solid phase microextraction (SPME) using
a polyethylene terephthalate (PET) nanofiber film as ad-
sorbent [13], solid phase extraction using thermally reduced
graphene (TRG) modified SiO, as adsorbent [14], dispersive
solid phase extraction (DSPE), using Zn-Al-layered double
hydroxide intercalated with L-alanine (ZnAl-ALA-LDH) as
adsorbent [9], and salt-assisted liquid-liquid micro-
extraction using the hydrophilic ionic liquid as an extraction
phase (SALLME-IL) [17] have been recently reported for
extraction and preconcentration of Cr (VI) from various
samples. Development of other simple, less expensive, and
environmentally friendly alternative methods for extraction
and preconcentration of Cr (VI) before its determination by
instrumental techniques is still crucial.

In the last few decades, salting-out assisted liquid-liquid
extraction (SA-LLE) or homogeneous liquid-liquid extrac-
tion (HLLE) has gained much attention as a simple and
greener sample preparation method for analysis of different
organic and inorganic pollutants [21]. The method usually
uses pure or a mixture of water-miscible organic solvents
such as acetone, acetonitrile, ethanol, and isopropanol as
extraction solvents. In the procedure, a homogeneous phase
formed between the aqueous sample and the water-miscible
extractant is separated into biphases by the addition of
salting-out agents or inorganic salts such as K,P,O,
KzHPO4, K3PO4, K2C03, MgSO4, NaCl, and (NH4)2804
[21-30]. The method uses small volumes of less toxic organic
solvent, as well as commonly available inorganic salts and
laboratory apparatus.

The aim of the current study was to optimize SA-LLE for
extraction of Cr (VI) from water samples before its de-
termination by UV-Vis spectrophotometry. Before the
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SALLE procedure, Cr (VI) reacts with DPC in a highly acidic
solution to form a red-violet Cr (VI)-DPC complex whose
absorbance is monitored at 540 nm.

2. Materials and Methods

2.1. Chemicals and Reagents. All chemicals and reagents
used were of analytical grades. Potassium dichromate
(K,Cr,0;) (Sigma-Aldrich), 1, 5-diphenylcarbazide (DPC)
(Kiran light laboratories, Mumbai, India), organic solvents:
acetonitrile and ethanol (Sigma-Aldrich), methanol and
acetone (CARLO ERBA, Paris, France), sulphuric acid
(H,SO4) (Merck, Darmstadt, Germany), phosphoric acid
(H5PO,) (Riedel-de Haen, Germany), nitric acid (HNO3)
(Blulux laboratories, Faridabad, India), potassium dihy-
drogen phosphate (KH,PO,) and dipotassium hydrogen
phosphate (K,HPO,) (Beijing Chemical Reagents Company,
China), (NH,),SO, (Fisher Scientific Company, Pittsburgh,
USA), and NaCl, MgSO,, and Na,CO; (BDH Chemicals Ltd,
England) were used in this study.

A stock standard solution of Cr (VI), 1000 mg/L, was
prepared by dissolving 2.83 g of K,Cr,O; in 1000 mL of
0.01 mol/L of HNOj3. The solution was stored in an amber
bottle at 4°C and used for a maximum of two days. The
intermediate standard solution of 100 mg/L was prepared by
dilution of the stock solution. Then, 5 mg/L was prepared by
dilution of the intermediate solution to prepare the desired
concentration level for the daily use and preparation of the
seven concentration levels: 0.25, 0.5, 0.75, 1, 1.25, 1.5, and
2mg/L for the construction of calibration curve. Similarly,
a stock solution of the chelating agent, DPC, 1000 mg/L, was
prepared by dissolving it in acetone and kept at 4°C in an
amber bottle when it was not in use. Phosphate buffer
(pH = 6) was prepared by dissolving KH,PO, and K,HPO,
in distilled water. Other solutions such as 2 mol/L of HNOs,
3 mol/L of H,SO,, and 3 mol/L of KOH were also prepared
in distilled water.

2.2. Instruments and Apparatus. Double beam UV-Vis
spectrophotometer (SPECORD 200 PLUS, Analytik Jena,
Germany), centrifuge (1790, g 4000 r/min) (Gemmy In-
dustrial Corporation, Taiwan), Whatman no. 542 filter paper
(Whatman International Ltd, England), 15-mL falcon
centrifuge tubes, 1-cm quartz cuvette, and a medical syringe
with B. Braun Sterican needle 21 G x 4% (0.80 x 122 mm BL/
LB) (B. Braun Melsungen AG, Melsungen, Germany) were
used during this study.

2.3. Water Samples Collection. The tap water sample was
taken from the Jimma University’s Analytical Chemistry
Research Laboratory. The river water sample was collected
from the Hawetu River (a river that crosses Jimma town) and
well water sample was collected from the Abba Hassan area
in Jimma town. All water samples were filtered using
a Whatman filter paper to remove suspended materials and
placed in a refrigerator when not used for analysis.
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2.4. SA-LLE Procedure. A 5mL aqueous sample containing
2mg/L of Cr (VI) was transferred to a 15-mL falcon tube.
Then, 0.5mL of 0.032mol/L of H,SO, and 0.4mL of
1000 mg/L of DPC were added, respectively. After the for-
mation of the Cr (VI)-DPC complex, the pH of the sample
was adjusted using the phosphate buffer. Subsequently, an
extraction solvent and salt were separately added. The
mixture was then vigorously shaken until the added salt was
completely dissolved and then centrifuged to enhance the
phase separation. Finally, the upper organic phase con-
taining the target analyte was carefully withdrawn and
transferred into a quartz cuvette for the subsequent UV-Vis
analysis at 540 nm. The enrichment factor (EF) and differ-
ences in absorbance signals were used to evaluate the ex-
traction efficiency of the method. The EF was obtained from
the ratio of analyte concentration in the upper (organic)
phase to the initial concentration in the aqueous phase,
which is mathematically expressed as follows:

EF = £, (1)

Cspiked

where Cey and Cgpireq are the concentrations of Cr (VI) in the
extraction phase and spiked in the aqueous sample,
respectively.

3. Results and Discussion

The method under the study is based on the reaction of Cr
(VI) with DPC in a strongly acidic solution. In this reaction,
Cr (V1) is reduced to Cr (III) and DPC is oxidized to DPCN.
The newly created species react to form a red-violet colored
complex [4]. In this study, the Cr (VI)-DPC complex has
been extracted using a water-miscible organic solvent in the
presence of an appropriate amount of inorganic salt. The
addition of inorganic salt helps to weaken the solvation force
between the water-miscible organic solvent and the aqueous
sample, which could result in the formation of a biphasic
system [20]. In the process, the Cr (VI)-DPC complex
migrates into the organic phase due to the hydrophobic
nature of the ligand [12, 16]. Finally, the absorbance of the
extracted and enriched analyte was monitored at 540 nm.
Figure 1 shows the absorption spectra of 0.75 mg/mL Cr (VI)
solution, DPC, and Cr-DPC complex recorded from 400 to
700 nm.

3.1. Optimization of the SA-LLE Procedure. To achieve effi-
cient extraction, factors affecting the formation and sub-
sequent extraction of the complex were investigated.
Accordingly, variables that affect the formation of the
complex (pH of the sample and volume of DPC) as well as its
extraction by the proposed method (type and volume of
organic solvent, types and amount of salt, and extraction
time) were optimized using the one-variable-at-a-time
method. The stability of the complex and the effect of in-
terferences of various ions including Fe, Cu, V, and Cd were
also studied.
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F1GuRe 1: The spectra of 0.75 mg/mL Cr (VI) solution, DPC, and Cr
(VI)-DPC complex.

3.1.1. Effect of pH. The pH of the aqueous solution is one
factor that affects both the Cr (VI) complexation and the
subsequent extraction process. The complexation reaction
usually occurs in a strongly acidic solution [13, 16, 17].
However, according to literature, the Cr (VI)-DPC complex
can be extracted at different pH values [16, 17]. Thus, the
effect of pH was investigated from 1 to 7. The experiment
was performed after the complex formation in acidic media
(i.e., in 0.0032 mol/L of H,SO,). The results showed that
extraction efficiency was increased as the pH of the sample
increased up to pH 2 and remained constant up to pH 3.
However, it declined at higher pH values (Figure 2). At
pH values higher than 5, the color of the complex dis-
appeared completely, indicating the instability of the
complex at pH>5. The observed extraction efficiency at
pH 2 and 3 could be due to the established suitable con-
ditions, allowing for the extraction of the complex either by
pairing it with the appropriate ions [12, 16] or in hydration
form [14]. Thus, pH 2 was chosen as the optimum value
throughout the study.

3.1.2. Effect of DPC Concentration. To extract the available
Cr (VI) ions, an appropriate amount of DPC should be
added to the sample solution. To determine the optimum,
different volumes (100-600 yL) of 1000 mg/L of DPC were
added to the sample solution containing 2 mg/L of Cr (VI).
Figure 3 shows the effects of the volume of DPC on the
extraction efficiency of the method. It was observed that as
the volume of the DPC increased, the absorbance of the
resulting extracts increased up to 400 yL, and then, became
constant with the addition of higher volumes. This implies
that at a lower volume, below 400 uL, the ligand added is not
enough to consume the available Cr (VI), indicating the
presence of excess Cr (VI) in the solution. Therefore, 400 uL
of 1000 mg/L DPC was selected for further studies.

3.1.3. Selection of a Suitable Organic Solvent. The organic
solvent used for SA-LLE should be water-miscible, exhibit
suitable hydrophobicity for phase separation upon the ad-
dition of salt, and selectively extract the target analyte
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Figure 2: Effect of the pH. Experimental conditions: sample
volume: 5mL, Cr (VI): 2mg/L, DPC: 1000 mg/L (400 uL), aceto-
nitrile: 1.5mL, (NH4),SO4: 3 g, and extraction time: 3 min.
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Figure 3: Effect of DPC volume. Extraction conditions: pH: 2,
sample volume: 5mL, Cr (VI): 2mg/L, DPC: 1000 mg/L (400 uL),
acetonitrile: 1.5 mL, (NH,4),SO,: 3 g, and extraction time: 3 min.

[17, 21]. In this study, four solvents, including acetonitrile,
acetone, ethanol, and methanol were evaluated. Among
these solvents, only acetonitrile and acetone induced phase
separation upon the addition of salt. Compared to acetone,
acetonitrile extract showed higher extraction efficiency.
Literature also showed that acetonitrile is the most com-
monly used solvent in the SA-LLE procedure [21-30].
Therefore, acetonitrile was selected as an extraction solvent
in further experiments.

3.1.4. Effect of Acetonitrile Volume. To obtain high extrac-
tion efficiency, an appropriate volume of the extraction
solvent should be used. Accordingly, to obtain the optimal
volume, varied volumes of acetonitrile ranging from 0.5 to
3 mL were investigated. The findings demonstrated that the
highest extraction efficiency was obtained when 1.5mL of
acetonitrile was used (Figure 4). Clear phase separation was
not obsreved when 0.5mL of acetonitrile was employed.
However, when higher volumes (>1.5mL) were used, the
extraction efficiency of the method decreased, and this might
have happened due to dilution resulting from the higher
volume of the organic phase obtained after extraction [16].
Thus, 1.5mL of acetonitrile was chosen as the optimal ex-
traction volume.
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FiGure 4: Effect of the extraction solvent volume. Extraction

conditions: pH: 2, sample volume: 5mL, Cr (VI): 2mg/L, DPC:

1000 mg/L (400 uL), acetonitrile: 1.5mL, (NH,4),SO,4: 3 g, and ex-

traction time: 3 min.

3.1.5. Effect of the Salt Type and Amount. In SA-LLE, the use
of an appropriate salt type is required to obtain a proper
phase separation between the water-miscible organic solvent
and the aqueous sample. Various salts have different degrees
of phase separations [17, 21]. In the present work, four salts:
NaCl, MgSO,, Na,CO;, and (NH,),SO, were evaluated,
using 2 g of each salt, as potential salting-out agents. All the
studied salts have induced phase separation. However,
(NH,),SO, gave reliable and reproducible phase separation
than other salts and thus, it was chosen for further
experiments.

The amount of the added salt must be sufficient to ex-
haustively separate the organic solvent from the aqueous
phase. The influence of the amount (NH,),SO, was studied
by adding 0.5-3.5g (10-70%, m/v) of (NH,4),SO,. Phase
separation was not observed when <1.5 g of (NH,),SO, was
added to the sample. As can be seen from Figure 5, the
extraction efficiency of the method increased as the amount
of the added salt increased up to 3.0g and then slightly
decreased when a higher mass, 3.5g was used. The slight
decrement observed at 3.5g of (NH,),SO, could be due to
the adsorption of the complex on the undissolved particles of
the salt since it was not completely dissolved. In addition,
a decrease in the extraction efficiency on the addition of salt
above 3 g could be due to an increase in the viscosity of the
solution which reduces the transfer of the analyte from
aqueous to organic phase [27]. Therefore, 3 g of (NH,),SO,
was used for further experiments.

3.1.6. Effects of Extraction Time and Stability of the Complex.
During the extraction process, a large amount of SO}~ was
introduced into the sample solution from the salting-out
agent, (NH4),SO,4. The Cr (VI)-DPC complex would be
salted-out from the aqueous sample with an organic solvent,
acetonitrile, due to the high hydration capacity of SO} ions
and the hydrophobic character of the chelating agent.
Shaking of the sample solution enhances the interaction
between its constituents by increasing SO3~ ion hydration
and analyte transfer to the organic phase [26]. The influence
of mixing time (shaking time) was investigated from 1 to
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Figure 5: Effect of salt amount. Extraction conditions: pH: 2,

sample volume: 5mL, Cr (VI): 2mg/L, DPC: 1000 mg/L (400 uL),
acetonitrile: 1.5 mL, (NH,4),SO,: 3 g, and extraction time: 3 min.

11 min at 2min intervals. The results indicated that the
extraction efficiency was increased with the extraction time
up to 3min and then, remained constant on extending the
extraction time. Thus, 3 min was chosen for further study.

The stability of the Cr (VI)-CPD complex in the ace-
tonitrile was evaluated from 20 to 160 min by measuring the
absorbance of the extract at 20 min intervals. The extract was
kept in the dark when not used for analysis. It was observed
that the absorbance of the complex was nearly constant up to
120 min, but it steadily dropped after 120 min. In agreement
with the previous report [16], we performed absorbance
measurement in 30 min after extraction.

3.1.7. Effect of Interfering Ions. The DPC reagent specifically
reacts with Cr (VI). However, in water samples, coexisting
metal ions can interfere with the reaction and thus, may
influence its analysis. As a result, the selectivity of the
method was evaluated by separately spiking 50-500 mg/L of
potentially interfering ions: Cu (II), Fe (III), V (VI), and Cd
(I) into a sample containing 2 mg/L of Cr (VI). These metal
ions were selected based on earlier reported literature
[16, 17, 23]. Any interfering ion is considered to be tolerable
if it causes variation of the absorbance signal by < 5% [1, 16].
The relative recovery (%RR) which was obtained by mul-
tiplying the ratio of the absorbance of the extracted sample
containing the interfering ions to the absorbance of the
extract of the original (interfering ions free) sample by 100%
was used for evaluation of the interfering ions. The results of
the study are presented in Table 1.

It was observed that both Fe (III) and Cu (II) ions af-
fected the extraction efficiency of the method in a similar
manner, i.e., extraction efficiency decreased when their
concentrations were increased. Generally, the presence of
the studied ions at all studied concentration levels (up to
500 mg/L), did not cause a significant change in the intensity
of Cr (VI)-DPC color and its absorbance values, indicating
that they could not interfere with the analysis of Cr (VI) by
the proposed method.

TasLE 1: Effect of interferences for determination of 2 mg/L of Cr
(VI) with DPC.

%RR +RSD in the presence of interfering

Concentration ‘ons
added, mg/L
Fe(I) Cu(l) V (V) cd (In

0 100+1.8 100+2.1 100+0.8 100+2.2
50 97.8+1.7 956+09 975+64 96.8+3.7
100 99.0+1.8 971+0.7 985+3.8 97.8+0.3
200 96.6+1.5 96.0+0.6 97.7+4.0 103.2+2.6
300 953+0.9 98.8+0.5 104.4+0.9 103.3+0.1
500 96.3+0.5 96.0+49 98.7+3.8 104.7+3.0

TaBLE 2: Intraday and interday precisions (RSD) of the proposed
method.

Spiked concentration, mg/L Intraday (n=12) Interday (n=15)

0.75 0.5 6.2
1.25 1.3 8.7

TaBLE 3: Recovery studies.

Spiked concentration, mg/L Tap water ~ River ~ Well water
0.75 97.3£0.1 89.0+8.7 90.0+4.7
1.25 948+0.1 88.0+25 91.0x1.1

3.2. Method Validation

3.2.1. Evaluation of Analytical Performance Characteristics.
Seven concentration levels from 0.25 to 2.0 mg/L were used
for the construction of a calibration curve. By using the
optimum conditions, each concentration level was extracted
in duplicate and each extract was analyzed in triplicate. The
calibration curve was obtained by plotting the absorbance
against Cr (VI) concentration. The obtained calibration
curve had a linear equation of y=0.4264x+ 0.088 with the
coefficient of determination, R?, 0.9973. The LOD and LOQ
of the method determined by multiplying the ratio of the
standard deviation of the blank (n = 10) with the slope of the
calibration curve by 3 and 10 were 0.004 and 0.015mg/L,
respectively. The EF of the method was 5.8.

3.2.2. Precision Study. The precision of the proposed
method was investigated in terms of intra-day precision
(repeatability) and inter-day precision (within-lab re-
producibility) by spiking the sample at two concentration
levels: 0.75 and 1.25mg/L. Intra-day precision was studied
by extracting each concentration level in duplicates, twice in
a day (morning and afternoon). Inter-day precision was also
evaluated for five consecutive days. In both cases, the ab-
sorbance of each extract was recorded in triplicates. The
results of precision studies are presented in Table 2. The
findings showed that the proposed method has a satisfactory
precision, RSD <9, for extraction of Cr (VI) after com-
plexing with DPC before its spectroscopic determinations.
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3.3. Analysis of Real Sample and Recovery Studies. The ap-
plicability of the method has been evaluated by analyzing
tap, river, and well water samples and performing recovery
studies. Recovery studies were conducted by spiking the
water samples with concentration levels earlier used for the
precision studies. The obtained recoveries ranged from
88.0+2.5t0 97.3 £ 0.1 (Table 3), indicating the acceptance of
the method for analysis of Cr (VI) from water samples and
other related matrices. From the studied samples, the river
water sample contained 0.06 mg/L of Cr (VI) but the tap and
well water samples either had no Cr (VI) at all or had it at
levels that were below the LOD of the method.

3.4. Comparison of the Proposed Method with Other Reported
Methods. The optimized SA-LLE-UV-Vis’ method was
compared with other reported methods employed for ex-
traction and determination of Cr (VI) from water samples
(Table 4). The results demonstrated that the proposed
method has comparable analytical performance character-
istics such as linearity, precision, and recoveries. In addition,
the method offers a short analysis time and uses small sample
and extraction solvent volumes.

4. Conclusion

In this work, we proposed the SA-LLE procedure for ex-
traction of Cr (VI) from water samples before determining it
by UV-Vis spectrophotometry. The method involved
complexing the Cr (VI) with DPC. Various parameters
influencing the complexation process and extraction effi-
ciency of the method were thoroughly studied. Under the
optimal conditions, 1.5 mL of acetonitrile and 3.0 g of (NH,)
»SO, were used as the extraction solvent and salting-out
agent, respectively. The method has demonstrated satis-
factory analytical performance characteristics such as line-
arity, precision (intra- and inter-day precisions), and
recovery values. The findings also showed that the presence
of metal ions, including Cu (II), Fe (III), Cd (II), and V (V)
could not interfere with the analysis of Cr (VI), indicating
the selectivity of the proposed method for analysis of Cr (VI)
from water samples and other related matrices.

The method also showed comparable analytical per-
formance characteristics such as linearity, precision, and
recoveries with other earlier reported methods. However,
the SA-LLE method is rapid and uses small sample volumes,
conventional laboratory apparatus, and a small volume of
less toxic organic solvent, which is available in any research
laboratory. Therefore, the proposed SA-LLE procedure
could be used as another alternative method of analyzing Cr
(VI) from environmental water and other related matrices.
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