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Abstract
A fast and robust sequential injection analysis (SIA) methodology for routine determination of V(V) in environmental
polluted waters is presented. The determination was based on the oxidation of dopamine (DP) by V(V) in acidic medium
followed by coupling of the formed intermediary with 4-aminoantipyrine (4AAP) to yield a violet product (λ=565 nm).
The operation mode of the SIA system allowed the implementation of a stopped flow procedure in which the reaction
zone was stopped for 180 s in the reaction coil before reaching the spectrophotometric detector, with the aim of increasing the
sensitivity.
Linear calibration plots were obtained for V(V) concentrations between 0.50 and 5.0 mg∙ℓ-1. The developed methodology
exhibits a good precision, with relative standard deviation (rsd) < 2.0% (n=15) and the detection limit was 0.39 mg∙ℓ-1.
The presented SIA methodology was applied to the determination of V(V) in 10 water samples and in a wastewater
reference certified sample.
The determination of V(V) by the developed automatic procedure involved the consumption of 1.9 mg of 4AAP and
2.9 mg of DP and the production of 2.35 mℓ of effluent.
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Introduction
Vanadium is a metallic element widely distributed in nature
that in vestigial amounts is an essential element for cell growth,
and is also important for the prevention of some heart diseases.
Regarding its importance for plants and microorganisms, vanadium is a growth factor, being involved in nitrogen fixation and
accumulation (Mukherjee et al., 2004). In large amounts vanadium can become a relatively toxic element, depending on its
oxidation state, so that in aqueous environments vanadium (V)
(V(V)) is more toxic than vanadium(IV) (V(IV)). Some cases of
vanadium poisoning have been related to nervous depression,
coughing, vomiting, diarrhoea, anaemia and increased risk of
lung cancer. Bronchitis and bronchopneumonia as well as irritation of eyes and skin can occur due to occupational exposure to
airborne vanadium (Klaassen, 2008).
The utilisation of vanadium and its compounds in steel and
petrochemical industries has resulted in the release of large
amounts of vanadium compounds to air, water and soil, so that
the control of vanadium content, mainly V(V), in waste waters
and environmental samples from highly polluted areas became
an important issue (Pyrzyńska and Wierzbicki, 2004).
The determination of V(V) in wastewaters has been performed by spectrophotometry (Abbaspour and Mirzajani, 2006;
Deb et al., 1991; Kamavisdar and Patel, 2000; Mohamed and
Fawy, 2000), electrothermal atomic absorption spectrometry
(Žemberyová et al., 2007) and ICP-MS (Yeh and Jiang, 2004).
These methodologies involve either complicated and laborious
procedures or expensive equipments, being unsuitable for rou* To whom all correspondence should be addressed.
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tine application. The application of spectrophotometric methodologies for the determination of V(V) in aqueous matrixes has
been reviewed twice in the past 2 decades (Taylor and Van Staden, 1994; Pyrzyńska, 2005). Most of these methodologies are
based on the formation of complexes and redox or catalytic reactions. It is also possible to find recent works involving the speciation and determination of vanadium in environmental samples
(Chen and Owens, 2008). Even though these techniques can represent sensitive alternatives for the determination of V(V) they
are time-consuming and must be performed batch-wise, requiring the constant presence of a trained operator.
To overcome some of these drawbacks some flow injection analysis (FIA) methodologies have been proposed for the
determination of V(V) in environmental water samples. Some
of these methodologies involved the speciation (Yamane et al.,
1998) and/or pre-concentration (Matsuoka et al., 1995; Yang et
al., 1996; Wuilloud et al., 2001; Moyano et al., 2006) of V(V)
and V(IV), but most of them are spectrophotometric procedures
based on reactions in which V(V) is able to catalyse the oxidation of several compounds (Nakano et al., 1989; Ensafi and
Kazemzadeh, 1996; Shiobara et al., 1999; Nakano et al., 2002).
A FIA procedure based on chemiluminometric detection can
also be found in the literature (Li et al., 2002). These analytical techniques represent a step forward in the automation of
the determination of V(V), presenting advantages in terms of
time consumption. However, some of these procedures require
expensive equipments (Wuilloud et al., 2001; Yang et al., 1996)
and most of them still exhibit a high dependence on the operator.
Furthermore, due to their continuous mode of operation, FIA
techniques in general involve significant consumptions of reagents solutions and production of effluents so that it is important
to research new automatic methodologies.
In an attempt to provide a fast and automatic method for
the routine analysis of V(V) in wastewaters and highly polluted
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