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Abstract
A new method for vanadium speciation has been developed. The method is based on chromatographic separation of
vanadium(IV) and vanadium(V) in acidic medium followed by the determination with ICP-OES. Vanadium species exist in
acidic solution (pH < 3) as VO2+ for vanadium(IV) and VO2+ for vanadium(V). The two vanadium species were chromatographically separated using a cation exchange column, Dionex IonPack CG10, and eluant (120 mmol/ℓH2SO4) at a flow rate of
1.5 mℓ/min. The detection limits for vanadium(IV) and vanadium(V) are 40 µg/ℓand 30 µg/ℓ, respectively. Among common
anions, only nitrite, NO2- which may act as oxidant for vanadium(IV) and reductant for vanadium(V) can cause interference.
Interference from common cations has not been observed for concentration levels not exceeding 40 mg/ℓ. The developed
method has been successfully applied to the determination of vanadium(IV) and vanadium(V) in synthetic and minerals
processing samples.
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Introduction
Vanadium plays an important part in the analytical, biological,
and environmental fields due to its dual character. Its toxicity is
slightly less than that of lead, cadmium, and mercury at trace
level concentrations (Wuilloud et al., 2000) but it also has beneficial biochemical functions, such as insulin-like and anti-carcinogenic characteristics (De Cremer et al., 2002). Therefore, the
determination of vanadium in the samples from polluted areas
and in nutrition studies has received much attention. Moreover,
the toxicity of the two most stable vanadium oxidation states, i.e.
vanadium(IV) and vanadium(V) is different, with the +5 oxidation state being more toxic. In biological systems, it has been
proved that vanadium(V) is a strong inhibitor of the Na- and Kadenosinetriphosphatase (ATPase) enzyme while vanadium(IV)
is weak (Minelli. et al., 2000). In the industrial field, one of the
important roles of vanadium is its catalytic property in manufacturing processes, such as the contact process for the manufacture of sulphuric acid, in which V2O5 has a catalytic function
and is reduced to vanadium(IV), which does not function as the
catalyst. Therefore, the determination of both vanadium species
rather than the total vanadium(V) is important when correct
evaluation of its toxicity and the health risks to humans as well
as its functions in biological or industrial systems are required.
Inductively coupled plasma mass spectrometry (ICP-MS)
(Garcia-Sanchez et al., 2004), spectrophotometry (Amin,
2003), spectrofluorometry (Gao et al., 2002), inductively coupled plasma optical emission spectrometry (ICP-OES) (Wuilloud et al., 2000; Wuilloud et al., 2002), catalytic (Okamura
et al., 2001; Shiobara et al., 1999) and electrochemical (Jen
et al., 1997) methods have been successfully applied for the
determination of vanadium in environmental, industrial, and
biological samples. Most earlier methods were focused on
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determining one of the two vanadium species, i.e. the most
stable vanadium(V). During the past decade, however, interest has shifted from the determination of total vanadium to
the measurement of the two stable vanadium species. EDTA
(ethylenediaminetetraacetic acid) has been widely used
for vanadium speciation because it forms stable complexes
with the two vanadium species allowing chromatographic
separation. Reversed-phase liquid chromatography with a
C8 column has been selected as the separation system for
vanadium(IV) and vanadium(V) by using a tertiary eluant
containing EDTA by several researchers (Colina et al., 2005;
Wann and Jiang , 1997). EDTA was also used as a trapping
agent for both vanadium(IV) and vanadium(V) by Minelli et
al.(2000) for vanadium speciation in natural water. Ahmed
and Banoo (Ahmed and Banoo, 1999) have developed a twostep method for vanadium speciation. A mixture of the two
species was first masked by tartrate and then 1,5-diphenylcarbohydrazide (DPCH) was added to form a red-violet chelate
of vanadium(V). The chelate was measured for the determination of vanadium(V) concentration. Vanadium(IV) concentration was obtained by the subtraction of the vanadium(V)
concentration from the total vanadium concentration.
Another similar two-step method has been proposed by Filik
et al. (2004) by using CDTA (1,2-cyclohexylenedinitrilo)tetr
aacetic acid) as masking reagent for V(IV) instead of DPCH.
Vanadium(V) was measured after the complexation with
PAR (4-(2-pyridylazo)resorcinol), total vanadium concentration was obtained by the same method after the oxidation of
vanadium(IV) to vanadium(V). The difference between the
total vanadium concentration and the vanadium(V) concentration was the concentration of vanadium(IV). The two vanadium EDTA-complexes can be separated by a Dionex anion
exchange column (Coetzee et al., 2002) or by a fused-silica
capillary column modified with hexadecyltrimethylammonium bromide (Jen et al., 1997). A two-column separation of
vanadium(IV) and vanadium(V) in acidic solution followed
by catalytic detection (Okamura et al., 2001) has been developed. One column loaded with an acetylacetone-immobilised
resin was used to collect vanadium(V) at pH 2.2-3.8 while
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