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bstract

A Novel, rapid, sensitive and selective reactions are developed for spectrophotometric determination of trace amounts of vanadium (V) in
nvironmental, biological, pharmaceutical and alloy samples was studied. The methods were based on interactions of 4-bromophenyl hydrazine
4-BPH) with N-(1-naphthyl ethylenediamine dihydrochloride (NEDA) in the presence of vanadium in acidic medium (acetate buffer of pH 3.0)
o give violet colored derivative or on the oxidation of 4-bromophenyl hydrazine by vanadium in basic medium and coupling with chromotropic
cid (CA) to yield red color derivative. The violet color derivative having an absorbance maximum at 570 nm which is stable for 7 days and the
ed derivative with λmax 495 nm for 5 days. Beer’s law was obeyed for vanadium in the concentration range of 0.5–6.0 �g ml−1 (violet derivative)
nd 0.6–7.0 �g ml−1 (red derivative), respectively. The optimum reaction conditions and other important analytical parameters were established

CTED
o enhance the sensitivity of the proposed methods. Interference due to various non-target ions was also investigated. The proposed methods were
pplied to the analysis of vanadium (V) in environmental, biological, pharmaceutical and steel samples. The performance of proposed methods
ere evaluated in terms of Student’s t-test and Variance ratio F-test that indicates the significance of proposed methods over reported method.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Vanadium and its compounds used extensively in the steel
nd petrochemical industries. Vanadium species are most sta-
le and more toxic in an environment. Vanadium affects the
umerous physiological processes and biochemical reactions in
iving systems. Vanadium remains a relatively unknown trace
lement, as its uses are still being targeted in various clinical
pplications worldwide. However, vanadium deficiency consis-

ETR

ently impairs biological function is lacking. Vanadium content
n food is directly dependant upon the concentrations present in
he soil. Once consumed, vanadium is stored primarily in fatty
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ediamine dihydrochloride (NEDA); Chromotropic acid (CA); Spectrophotom-

issues, and the remaining amounts stored in the kidney, liver,
pleen, or bone. Vanadium is a trace element of highly critical
ole in biochemical processes and of significant importance in
nvironmental, biological and industrial analysis due to its tox-
city. Vanadium in trace amounts is an essential element for cell
rowth at �g l−1 levels, also has been shown to inhibit choles-
erol synthesis and to increase the oxidation of fatty acids of
igher concentrations. It is excreted through urine. The amount
f vanadium in blood and urine depends upon intensity and
uration of its exposure. Vanadium also regarded as beneficial
lement that helps in the carbohydrates metabolism, prevention
f some heart diseases, and also essential for certain animals,

lants and microorganism.

Vanadium acts as a growth-promoting factor and participates
n fixation and accumulation of nitrogen in plants, whereas high
oncentration of vanadium reduces the productivity of the plants

mailto:chiranjeevipattium@gmail.com
dx.doi.org/10.1016/j.jhazmat.2006.06.061
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1]. Therefore, the determination of vanadium in environmental
nd biological samples is highly desirable. In survey of litera-
ure reveals that several analytical techniques have been reported
or the determination of vanadium such as high performance
iquid chromatography [2,3], voltammetry [4], atomic absorp-
ion spectrometry [5,6], spectrofluorimetry [7], atomic emission
pectrometry [8] and ion chromatography inductively coupled
lasma-optical emission spectrometry [9]. These techniques
ave also some limitations in terms of high cost of instruments
sed in routine analysis and matrix effects. These techniques
uffer from several disadvantages such as few techniques are
xpensive (AAS, ICP-AES and IC-ICP-OES), few other have
oor sensitivity and few others are require specific electrodes

or the determination of vanadium.

In scrutiny of literature reveals that several spectropho-
ometric methods have been reported for the determina-
ion of vanadium in environmental and biological samples.

e
t
d
a

Scheme 1. Oxidative copuling reations of 4-BPH

RETRA
Materials 140 (2007) 180–186 181

ecently, few authors introduced various reagents for spec-
rophotometric determination of vanadium in various samples
uch as 2-(2-quinolylazo)-5-diethylaminophenol [10], varamine
lue [11], eriochrome cryamine R [12], 2-benzylacetate
13], pyrogallol [14], 2-hydroxyacetophenone oxime [15],
-(2-pyridylazo) resorcinol [16], tannic acid [17], 2-(5-
hloro-2-pyridylazo)-5-dimethylaminophenol [18] N,N′-bis(2-
ydroxyl-3-sulfopropyl)-tolidine [19] and 2-(8-quinolylazo)-5-
imethylaminophenol [3]. The above reported reagents were
uffers from poor selectivity, interference of large number of
etal ions, require specific protonic solvent for the extraction

f color species and few other are require activators for catalytic
hotometric determination of vanadium. These deficiencies have

ncouraged the authors to develop novel oxidative coupling reac-
ions for facile, sensitive, accurate and reliable methods for the
etermination of trace amounts of vanadium in environmental
nd biological samples. The determination of vanadium (V) has

–NEDA and 4-BPH–CA with vanadium.

CTED
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sample

Fifty milliliters of the urine sample was concentrated to 5 ml,
by evaporation, spiked a known amount of vanadium was mixed
with 5 ml of concentrated HNO3 and 5 g of potassium sulfate,

A
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ot been reported yet by oxidative coupling reaction in the lit-
rature till now.

In this paper, the developed novel reactions for rapid,
acile, sensitive, and selective spectrophotometric methods
or the determination of traces of vanadium (V). It implied
hat the reactions are oxidative coupling in the presence
f V5+ of 4-bromophenyl hydrazine(4-BPH) with N-(1-
aphthyl)ethylenediamine dihydrochloride (NEDA) and 4-
romophenyl hydrazine(4-BPH) with chromotropic acid (CA),
ielded the highly stable violet and red color derivatives and
t was shown in Scheme 1. Based on this, the highly sensitive,
elective and rapid methods were applied for the determination
f vanadium (V) in environmental, biological, pharmaceutical
nd steel samples.

. Experimental

.1. Instrumentation

A HITACHI U 2001 spectrophotometer with 1 cm matched
uartz cells were used for all absorbance measurements. A pH
eter, Elico Li-129 Model glass-calomel combined electrode
as employed for measuring pH values.

.2. Chemicals and reagents

All chemicals and solvents used were of analytical reagent
rade, and doubly-distilled water was used to prepare all
olutions in the experiments. Standard stock solution contain-
ng 100 mg l−1 of vanadium (V) was prepared by dissolving
.2393 g of ammonium vanadate (Merck chemicals, Mumbai,
ndia) in 1000 ml volumetric flask and diluted up to the mark
ith 0.01 M hydrochloric acid. Working solutions were prepared
y appropriate dilution of the standard solution.

An aqueous solution of 1.5% (w/v) 4-BPH/NEDA 1:2 reagent
olution was prepared by dissolving 1 g of NEDA (from Sigma,
SA), 0.5 g of 4-BPH (SD Fine Chemicals, India), and a few
rops of concentrated HCl, diluted up to the mark with doubly-
istilled water and the solutions were refrigerated. 0.5% (w/v)
-BPH/CA reagent solution was prepared by dissolving 0.5 g of
-bromophenyl hydrazine (first dissolved in 5 ml of concentrated
Cl) and 0.5 g of CA (both from SD Fine Chemicals, India) in
00 ml of doubly-distilled water. Finally, sodium hydroxide and
ulfuric acid (both from SD Fine Chemicals, India) were used
or the experiments. Acetate buffer solution was prepared by
issolving 13.6 g of sodium acetate trihydrate in 80 ml of water
nd adjusting the pH to 3 with hydrochloric acid, and the mixture
as diluted to 100 ml with doubly-distilled water.

.3. General procedure

.3.1. 4-BPH–NEDA method
Stock solutions containing (0.5–6.0 �g ml−1) of vanadium

RETR
V) (the volume of the test solution was restricted to 1 ml)
ere transferred into 25 ml calibrated flasks; 3 ml of 1.5% 4-
PH–NEDA reagent solution and 3 ml of acetate buffer were
dded to each flask, the violet color is formed instantaneously

F
4
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nd diluted up to the mark. After dilution of 25 ml with doubly-
istilled water, the absorbance at 570 nm was measured against
he corresponding reagent blank and the calibration graph was
onstructed.

.3.2. 4-BPH–CA method
An aliquot of sample solutions containing (0.6–7.0 �g ml−1)

f vanadium (V) were transferred to 25 ml standard flask; to each
ask, 4 ml of 2 M NaOH and 4 ml of 0.5% 4-BPH–CA were
dded. Each mixture was allowed to stand for 2 min with occa-
ional shaking to complete the reaction. After dilution to 25 ml
ith water, the absorbance at 495 nm was measured against the

orresponding reagent blank and the calibration graph was con-
tructed and shown in Fig. 1.

.3.3. Procedure for determination of vanadium in soil
ample

An air-dried homogenized soil sample (1 g) was weighed
ccurately and placed in a 100 ml Kjeldahl flask. The sample
as digested in presence of an oxidizing agent following the
ethod recommended by [15]. The content of flask was filtered

hrough a Whatman No. 40 filter paper, into a 25 ml calibrated
ask and neutralized with dilute ammonia in the presence of
–2 ml of 0.01% (w/v) tartrate solution. It was then diluted to the
ark with doubly-distilled water. Appropriate aliquots of 2 ml

f the solution was transferred into a 25 ml calibrated flask and
nalyzed for vanadium content according to the general proce-
ure, after adding 1–2 ml of 0.01% (w/v) thiocyanate or fluoride
olution as masking agent and shown in Table 2.

.3.4. Procedure for determination of vanadium in water
ample

Each filtered water sample (100 ml) was analyzed for vana-
ium and gave negative results. To these samples known amounts
f vanadium (V) were added and analyzed by the afore said pro-
edure for vanadium.

.3.5. Procedure for determination of vanadium in urine

CTED
ig. 1. Absorption spectra of oxidative coupling reaction of 4-BPH–CA and
-BPH–NEDA system with vanadium.
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nd heated to dryness. The process was repeated 2–3 times. Then
NO3 (1:3, 25 ml) was added to residue and digested on a water
ath for 30 min. The contents were again evaporated to dryness,
ooled, and the residue was dissolved in 20 ml water, filtered,
nd neutralized with 2–3 ml of 2% ammonia. The mixture was
iluted to a known volume with doubly-distilled water. Appro-
riate aliquots of this solution were taken for the determination
f vanadium by procedure discussed above.

.3.6. Procedure for determination of vanadium in
iological samples

The samples of plants and animal tissues were washed with
istilled water to get them free from adhering soil or blood and
ere carefully wiped with filter paper before taking their wet
eight. The samples were then dried, ashed and converted into

olution by acid treatment as per standard procedures [20] and
eutralized with dilute NH4OH and then diluted to a known
olume with water. An appropriate aliquot of this solution was
nally analyzed according to the general procedure for vana-
ium. Since the vanadium content in samples used was negligi-
le, synthetic samples were prepared by the addition of known
mounts of vanadium to each sample prior to digestion.

.3.7. Procedure for determination of vanadium in
harmaceutical samples

A volume of 15 ml of elixir sample was treated with 10 ml of
oncentrated HNO3; the mixture was then evaporated to dryness.
he residue was leached with 5 ml of 0.5 M H2SO4. The solution
as diluted to a known volume with doubly-distilled water, after
eutralizing with 1–2 ml of 2% ammonia. An aliquot of the made
p solution was analyzed for vanadium according to the general
rocedure for vanadium determination.

.3.8. Procedure for determination of vanadium in alloy
amples

A 0.1 g amount of an alloy steel (GKW) sample containing
.13% of vanadium was weighed accurately and placed in a
0 ml beaker. To it, was added 10 ml of 20% (w/v) sulfuric acid
nd carefully covered with a watch glass until the brisk reac-
ion subsided. The solution was heated and simmered gently
fter addition of 5 ml of concentrated HNO3 until all carbides
ere decomposed. Then, 2 ml of a 1:1 (w/v) H2SO4 solution
as added and the mixture was evaporated carefully on water
ath until the dense white fumes dried off the oxides of nitro-
en, and then cooled to room temperature. After appropriate
ilution with doubly-distilled water, the contents of the beaker
ere warmed to dissolve the soluble salts. The solution was

hen cooled and neutralized with a dilute NH4OH solution in
he presence of 1–2 ml of 0.01% (w/v) tartrate. The resulting
olution was filtered, if necessary, through a Whatman No. 40
lter paper into a calibrated flask of known volume. The residue
silica) was washed with a small volume of hot 1% H2SO4 fol-
owed by doubly-distilled water and the volume was made up to

RETR
he mark with water.
A suitable aliquot of the above solution was taken into a

5 ml calibrated flask and the vanadium content was deter-
ined by the general procedure using 1–2 ml of saturated thio-

0
3
g
a
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yanate or fluoride solution as masking agent. Iron (III) can
e effectively removed from the solution by precipitating with
aturated fluoride solution. The precipitates were filtered off
efore the addition of 4-BPH–NEDA and 4-BPH–CA. Higher
oncentrations of iron (III) were removed by adding 5–10 ml
f saturated ammonium thiocyanate solution to the test solu-
ion, and the resulting Fe(III) and Fe(II) complexes with thio-
yanate were extracted into methyl isobutyl ketone (MIBK)
n an aqueous acidic medium prior to the determination of
anadium.

. Result and discussion

.1. Absorption spectra of color derivatives

The proposed methods involved the formation violet color
erivative with λmax of 570 nm or red color derivative with λmax
95 nm and the measurement of their absorption spectra was
hown in Fig. 1. The reagent blanks had negligible absorption
t these wavelengths.

Under the optimized conditions, although the color developed
nstantaneously, 1 min was allowed to obtain the maximum and
onstant absorbance in both colored derivatives. The violet color
erivative was stable for 7 days and the red color derivative
or 5 days. The absorbance varied by ±2% within 2 days for
oth violet and red color derivatives. The color development
as independent of temperature in the range of 20–35 ◦C.

.2. Effect of reagent and acid concentration

The effect of 4-BPH–NEDA mixture was studied in the
ange of 1–8 ml of a 1.5% (w/v) solution of 4-BPH–NEDA in
oubly-distilled water. To achieve the maximum color intensity,
volume of 2–4 ml of this solution was necessary. Hence, 3 ml
f 1.5% 4-BPH–NEDA in water were selected for further stud-
es, under optimized conditions. The maximum intensity of the
iolet color was achieved in acidic medium (acetate buffer of
H 3).

The maximum intensity of the red color was achieved in the
ange of 2–6 ml of 2 M NaOH for 4-BPH–CA reagent mix-
ure. Therefore, 4 ml of 2 M NaOH was used for best results.

range of 3–5 ml of 0.5% (w/v) solution of 4-BPH–CA
n doubly-distilled water was necessary to achieve the maxi-

um color intensity. Hence, 2 ml of 0.5% 4-BPH and 2 ml of
.5% CA were employed for the experiments under optimized
onditions.

.3. Analytical data

Linear calibration graphs were obtained for 0.5–6.0 �g ml−1

or 4-BPH–NEDA and 0.6–7.0 �g ml−1 for 4-BPH–CA of vana-
ium in a final volume of 25 ml. The detection limit and limit
f quantification of vanadium determination were found to be

CTED
.359 and 2.897 �g ml−1 for 4-BPH–NEDA and 0.793 and

.363 �g ml−1 for 4-BPH–CA, respectively. The calibration
raph has correlation coefficient of 0.9989 for 4-BPH–NEDA
nd 0.9996 for 4-BPH–CA methods. Beer’s law range, molar
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Table 1
Optical characteristics, precision and accuracy of the spectrophotometric deter-
mination of vanadium (V) with 4-BPH–NEDA and 4-BPH–CA methods

Optical characteristics 4-BPH–NEDA
method

4-BPH–CA
method

Concentration range (�g ml−1) 0.5–6.0 0.6–7.0
Color Violet Red
λmax (nm) 570 495
Stability (h) 7 days 5 days
Molar absorptivity (l mol−1 cm−1) 2.126 × 104 1.921 × 104

Sandell’s sensitivity (�g cm−2) 0.00683 0.00525
Limit of detection (�g ml−1) 0.359 0.793
Limit of quantification (�g ml−1) 2.897 3.363
Regressiona slope a 0.1625 0.1912
Intercept b 0.0526 0.0153
Correlation coefficient r 0.9989 0.9996
Relative standard deviation (%)b 0.676 0.579
Range of error (95% confidence level) ±0.732 ±0.625
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a Regression curve: y = ax + b, where x is the concentration of vanadium
�g ml−1) and y is absorbance.
b Determination for n = 5.

bsorptivity, Sandell’s sensitivity, and other parameters of the
xidative-coupling mixtures are given in Table 1. The precision
nd accuracy of the method was studied by analyzing the cou-
ling solution containing known amounts of the cited reagents
ithin Beer’s law limit. The low values of the relative standard
eviation in (%) and the percentages of error indicated the high
ccuracy of the two methods.

.4. Reaction mechanism

Under the reaction condition, 4-BPH losses probably 2e−
nd a proton on oxidation with V5+ in acidic medium (acetate
uffer of pH 3) to form an electrophilic intermediate (active
oupling species), which couples with NEDA to give a vio-

et derivative and the reaction mechanism was shown in
cheme 1.

Similarly, 4-BPH losses probably 4e− and a proton on oxi-
ation with V5+ in basic medium to form an electrophilic

o
t
c
s

able 2
ffect of non-target species in the determination of vanadium (V) 2.5 �g ml−1 for 4-B

on-target species

-BPH–NEDA method
Na+, Mg2+, Cl−, NO3

−, F−, CH3COO−, CO3
2−, K+, Hg2+, Ca2+, BO3

−,
NO3

−, SO4
2−, PO4

3−, citrate, oxalate, tartarate
P2O7

4−, SeO3
2−, SbO7

2−
Al3+, Cd2+, Ba2+, Ni2+, Co2+, Te4+, Zn2+

Cu2+, Ce4+, Fe3+, Cr3+, Sn2+, Pb2+, W6+, Mo6+

-BPH–CA method
K+, Hg2+, Ca2+, BO3

−, NO3
−, SO4

2−, PO4
3−, Na+, Mg2+, tartarate, citrate,

oxalate, tartarate, oxalate, Mn2+, NO2−
Ba2+, SO4

2−, CN−, SCN−, SeO3
2−, SbO7

2−
P2O7

4−, SeO3
2−, SbO7

2−, SO3
2−

Al3+, Cd2+, Ba2+, Ni2+, Co2+, As5+, Te4+, Zn2+

Cu2+, Ce4+, Fe3+, Cr3+, Sn2+, Pb2+, W6+, Mo6+

a Can be masked up to 65 �g ml−1 by the addition of 2 ml of 2% EDTA.
b Can be masked up to 85 �g ml−1 by the addition of 5 ml of 2% EDTA.

RETR
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ntermediate (active coupling species), which couples with chro-
otropic acid (CA) giving a red color product and the reaction
echanism was shown in Scheme 1.

.5. Effect of non-target species

The effect of various species on the determination of vana-
ium was investigated. The tolerance limit was taken as the
mount that caused ±2% absorbance error in determination
f 2.5 �g ml−1 (4-BPH–NEDA method) and 3.0 �g ml−1 (4-
PH–CA method) of V(V) and the results were shown in Table 2.

The developed methods are based on the oxidation of 4-
PH–NEDA and 4-BPH–CA with vanadium. Therefore, strong
xidizing or reducing species are expected to interfere by oxi-
ation of 4-BPH–NEDA and 4-BPH–CA. Chromium (VI), iron
III), cerium (IV) and tungsten (VI) at a 10 �g level caused low
ecovery of vanadium. Iron (II), copper (II), iodate, molybde-
um (VI), and thiosulfate up to 350 �g level caused positive
nterferences. Masking agents like citrate, tartrate, EDTA and
odium fluoride are not interfering in the recovery of vanadium.

Therefore, these masking agents were used to obviate inter-
erences such as iron (III), cerium (IV) and tungsten (VI) up to
10 �g level in the determination of vanadium. Small concen-

rations of As(III) at temperature ≥45 ◦C can effectively reduce
hromium (VI) and quantitatively eliminate its effects on the col-
ring reagents. Therefore, As(III) ion was adopted as an effective
educing agent for Cr(VI) in the presence of vanadium (V) [3]. If
precipitate was formed during the interference studies, it was

emoved by centrifugation.

.6. Application and statistical comparison of proposed
ethods with reported methods

The proposed methods were applied for the determination

CTED
f vanadium (V) in environmental and biological, pharmaceu-
ical and alloy samples as shown in Table 3. The results were
ompared with the reported methods [9,16] and results were
ummarized in Table 3. The performances of the proposed

PH–NEDA and 3.0 �g ml−1 for 4-BPH–CA methods

Tolerance limit (�g ml−1) Effect

3600 No interference

2500 No interference
600 No interference

65a Positive interfere

3800 No interference

1500 No interference
800 No interference
300 No interference

85b Positive interfere
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Table 3
Determination of vanadium (V) in various environmental, biological, pharmaceutical and alloy samples

Sample Vanadium
added (ppm)

Proposed methods Reference
method [9]

ICP-OES [16]

4-BPH–NEDA method 4-BPH–CA method

Founda Recovery t- and
F-testsb

t- and
F-testsb

Founda Recovery t- and
F-testsb

t- and
F-testsb

Soilc 5.0 4.96 ± 0.05 99.20 t = 0.56 t = 0.72 4.97 ± 0.06 99.40 t = 0.65 t = 0.68 4.98 ± 0.04 4.99 ± 0.02
F = 1.38 F = 1.32 F = 1.04 F = 1.09

10.0 9.97 ± 0.05 99.70 t = 0.67 t = 0.31 9.98 ± 0.03 99.80 t = 0.32 t = 0.83 9.99 ± 0.03 9.99 ± 0.01
F = 1.06 F = 1.21 F = 0.85 F = 1.51

Natural waterc 6.0 5.98 ± 0.03 99.66 t = 0.95 t = 0.55 5.96 ± 0.03 99.33 t = 0.63 t = 0.52 5.97 ± 0.05 5.99 ± 0.02
F = 1.22 F = 0.59 F = 1.14 F = 1.24

10.0 9.97 ± 0.03 99.70 t = 0.73 t = 0.45 9.96 ± 0.05 99.80 t = 0.51 t = 0.71 9.99 ± 0.03 10.0 ± 0.01
F = 1.02 F = 1.05 F = 1.09 F = 1.24

Urinec 7.0 6.989 ± 0.03 99.85 t = 0.28 – 6.98 ± 0.05 99.70 t = 0.72 – 6.97 ± 0.06 –
F = 1.24 F = 1.32

10.0 9.99 ± 0.02 99.90 t = 0.95 – 9.98 ± 0.03 99.80 t = 0.51 – 9.97 ± 0.04 –
F = 1.22 F = 1.12

Plant materialc (raddish) 12.0 11.97 ± 0.03 99.75 t = 0.63 – 11.98 ± 0.02 99.83 t = 0.31 – 11.95 ± 0.03 –
F = 1.17 F = 1.09

Human hair – 1.97 ± 0.05 98.50 t = 0.92 – 1.94 ± 0.06 94.00 t = 0.51 – 1.81 ± 0.04 –
F = 1.53 F = 1.09

Pig liverc 9.0 8.97 ± 0.03 99.66 t = 0.91 – 8.96 ± 0.04 99.55 t = 0.52 – 8.96 ± 0.02 –
F = 1.54 F = 1.06

Pharmaceutical preparationd – 7.95 ± 0.02 99.90 t = 0.65 – 7.90 ± 0.04 99.95 t = 0.21 – 7.86 ± 0.06 –
F = 1.07 F = 1.01

5.0 12.95 ± 0.03 99.90 t = 0.39 – 12.90 ± 0.05 99.80 t = 0.32 – 12.85 ± 0.04 –
F = 0.81 F = 1.31

Steele – 3.91 ± 0.02 99.15 t = 0.45 – 3.97 ± 0.03 99.25 t = 0.41 – 3.87 ± 0.05 –
F = 1.21 F = 1.32

a Mean ± standard deviation (n = 5).
b Tabulated t-value for 8 degrees of freedom at P(0.95) is 2.65 and tabulated F-value for (4,4) degrees of freedom at P(0.95) is 5.72.
c Gave no test for vanadium.
d Neogadine Elixir®, Raptakos Brett & Co. Ltd., India (each 15 ml contains Iodised peptone 29 mg, magnesium chloride 20 mg, magnesium sulfate 4 mg, sodium metavanadate 0.66 mg, zinc sulfate 6 mg, pyridomine

HCl 0.75 mg, cyanocobalamin 0.5 �g, nicotinamide 10 mg, alcohol (95%) 0.95 ml, Total alcohol 6% (v/v)), vanadium taken 7.89 ppm.
e GKW Steel Ltd., India (C, 0.54%; Mn, 0.89%; S, 0.018%; P, 0.034%; Si, 0.33%; Cr, 1.02%; V, 0.13%), vanadium taken 3.9 ppm.

RETRACTED
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Table 4
Comparison of proposed methods with reported methods for the determination of vanadium (V) in various environmental matrices

Reagent Range of
determination

Remarks Reference

Varamine blue 0.1–2.0 Less sensitive and less stable [11]
Eriochrom cyanine R 0.01–5.0 Require solvents for the extraction, large number of metal ions are

interfere
[12]

2-Benzoylacetate 0.05–4.0 Poor selectivity and interfering large number of metal ions [13]
Pyrogallol 0.01–0.6 Less sensitivity [14]
2-Hydroxyacetophenone oxime 0.05–4.0 Less sensitive and less detection limit [15]
2-(5-Chloro-2-pyridylazo)-5-dimethylaminophenol 0.02–5.0 30 min is needed for color development and require solvents for the

extraction of color derivatives
[16]

N,N′-bis(-2-Hydroxyl-3-sulfopropyl)-tolidine 0.01–3.0 Require tiron activator [19]
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-BPH–CA 0.6–7.0

ethods were compared statistically in terms of Students t-
est and the Variance ratio F-test. At 95% confidence level,
he calculated t-values and F-values do not exceed the theo-
etical values for the two methods. The theoretical t-value was
.65 (n = 5) and F-values was 5.72 (n = 5). It is found that from
able 3, that there is no significant difference between the pro-
osed methods and reported methods [9,16] indicating that the
roposed methods are as accurate and precise as the reported
ethods.
It is evident from the above data that the proposed methods

re simple, highly sensitive and rapid than the reported method
n literature as shown in Table 4.

. Conclusion

The rapidity of color development with 4-BPH–NEDA and 4-
PH–CA by V(V) is an advantage in analyzing various samples,

n which vanadium can vary over a wide range. The coupling
eagents employed in the present methods, i.e., 4-BPH–NEDA
nd 4-BPH–CA are sensitive, economical and rapid spectropho-
ometric reagents for the determination of vanadium (V). In these

ethods, non-target species do not interfere with the determi-
ation when masked with EDTA, citrate, tartarate and sodium
uoride. The detection limit 0.359 �g ml−1 for 4-BPH–NEDA
nd 0.793 �g ml−1 for 4-BPH–CA in original samples and
g l−1 level of vanadium in water and biological samples can be
etermined with good results. When compared to other existing
ethods [9,16], the developed method retains the specific inter-

ction of vanadium (V) with 4-BPH–NEDA and 4-BPH–CA

ETR

o form colored derivatives and a good sensitivity is achieved
t room temperature without the need for extraction. It indi-
ates that the present methods are non-toxic and safer than those
ethods using other organic solvents. The proposed oxidative

[

[
[

R

ensitive, rapid, non-extractive, stable color derivatives and
rference

Present work

oupling methods has significant advantages over other existing
ethods [9,16] in terms of its simplicity and free from most inter-

ering substances. Statistical analysis of the results reveals that
he proposed methods yield accurate and reproducible values
n the determination of vanadium (V) in various environmental

atrices.
Hence, the proposed methods were successfully applied for

he determination of vanadium (V) in environmental, biological,
harmaceutical and alloy samples.
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