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Abstract

A method for the separation of V(IV) and V(V) in the form of the EDTA complexes using anion chromatography with a Dionex
AGS5 anion exchange guard column, and the simultaneous determination of V(IV) and V(V) by inductively coupled plasma optical
emission spectrometery is described. The interference from other elements is negligible. The detection limits of V(IV) and V(V)
were 0.02 md/and 0.05 md/ respectively, using a glass nebuliser apd/2for both species by using an ultrasonic nebuliser. The
linear range was two orders of magnitude. The method was applied to the analysis of spiked water and industrial saniptgs contain
V in different oxidation states.

Introduction concentration of V(IV) in the first step and V(V) after reduction with
ascorbic acid in the second step. Only a few methods are reported for
V(IV) and V(V) species play an important role in many industriathe simultaneous measurement of V species (Murthy et al., 1989; De
and environmental processes. V and its compounds are ufekr and Coetzee, 1994; Komarova et al., 1991). Disadvantages of
extensively in the steel and petrochemical industries. The Souttese methods include: low sensitivities, interference and lengthy
African petrochemical industry, for example, uses the Sulfolin angtocedures.
Benfield processes, based on the V(IV)/V(V) redox couple to No general accepted or standard method for the simultaneous
remove sulphur and C{respectively, from process streams in theletermination of vanadium species is currently available. This is
production of petrol and diesel from coal. Both species can existparticularly true for industrial samples with complex matrices and
the environment but V(V) species are the most stable and also #revironmental samples with low concentrations of V.
most toxic (Browning, 1961; Cotton and Wilkinson, 1988). Other The aim of this work was to develop a simple, fast, cost-
oxidation states such as V(Il) and V(lll) are not stable and will beffective, and interference-free method for the simultaneous
oxidised to V(IV) and V(V) by atmospheric oxygen. Both V(IV) determination of V(IV) and V(V) that would be useful in a routine
and V(V) species may find their way into the natural environmenirpdustrial or water quality laboratory. This was achieved by using
in particular surface waters as toxic pollutants. V(IV) can ba hyphenated technique approach with ion chromatography
stabilised in natural waters by complexation with a variety ahductively coupled plasma optical emission spectrometry (IC-
ligands, such as carboxylic acids. ICP-OES). V(IV) and V(V) species were complexed with EDTA,

In recent years V-speciation studies have focused on tleparated onananionexchange column using amodified carbonate
determination of V in natural waters, (Bosque-Sendra et al., 199d bicarbonate buffer spiked with EDTA as eluant, and
Dupont et al., 1991; Miura, 1990; Yamane et al., 1998) biologicguantitatively and element-specifically determined by ICP-OES.
systems (Elvingson et al., 1997; Hirayama et al., 1992; Kawakubo et
al., 1995) and in industrial processes (De Beer and Coetzee, 198%perimental
Murthy et al., 1989). A literature survey shows that most published
analytical methods focus on the determination of total V or th@strumentation
determination of one species at a time. These methods include high
performance liquid chromatography (De Beer and Coetzee, 1998n chromatography
Komarova et al., 1991; Miura, 1990; Miura et al., 1990)A Dionex ion chromatography pump (2000i) and Waters injection
spectrophotometry (Balaji et al., 1998; Bosque-Sendra et al., 198§stem in conjunction with a Dionex guard column were used as the
Chauhan and Kakkar, 1992; Iranpoor et al., 1992; Kawakubo et aleparation system. Three different guard columns, AG4, AG5 and
1995; Murthy etal., 1989; Shah etal., 1991; Zucchietal., 1998), flowG14 were evaluated in this work.
injection (Grudpan and Nacapricha, 1991; Taylor et al., 1996; Tablel lists the optimised chromatographic conditions for
Yamane et al., 1998), atomic absorption spectrometery (Chakrabasgparation of V(IV) and V(V).

and Das, 1994; Frankenberger etal., 1991; Yaman and Gucer, 1994),

atomic emission spectrometery (Dupont etal., 1991; Hirayama et al., TABLE 1

1992), colorimetric (Serrat and Morell, 1994), and electrochemical Optimised chromatographic conditions

methods (Ensafi and Naderi, 1997; Sander and Henze, 1996;

Vukomanovic and Van Loon, 1994). Bosque-Serdra developed &€olumn AG5 Guard Column

method for V speciaton (Bosque-Sendra et al., 1998) based on the pi€luant 12 mmol/NaHCQ, 4 mmolZ Na,CO, and
20 mmol{ EDTA
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Inductively coupled plasma optical emission Results and discussion

spectroscopy

AVarian Liberty 110 ICP-OES spectrometer was used as a detecitre stabilisation of V(IV)

inthe chromatography system. ICP-OES conditions are summarised

in Table 2. Ultrasonic nebulisation (Cetac, U-5000Was used The V**ion cannot exist in solution since the charge density is too

to enhance detection limits. large. Instead, the Vion is the dominant V(IV) species. The
stability of the VG* ion depends on the prevailing conditions. In

acidic solution and at low temperature, ¥©an be kept for quite
TABLE 2 a long time. In alkaline solution, \Ospecies can be stored for
Optimised ICP-OES conditions for about 4 d atroom temperature. V(IV) is readily oxidised by oxygen
the detection of V in air in neutral or high pH media and the oxidation rate increases
with increasing pH and temperature.
Plasma view height 8 mm To prevent the oxidation of V(IV) species, a chelating ligand,
Search window 0.080 nm such as EDTA, was chosen to complex it to form the V(IV)-EDTA
Spectral order 1 anion complex, [VO(EDTA} (Komarova, et al., 1991). This
PMT 650 V complex has been well characterised, and it is very stable with a
Power 1.20 kW stability constantf, logK =18.77 (Inczedy, 1976). No sign of
Plasma gas flow rate 15¢0nin. oxidation was observed after keeping the V(IV)-EDTA complex
Auxiliary gas flow rate 1.5@min. for over six months at room temperature. V(V) can also form a
Pump speed 25.0 rpm complex with EDTA. The stability constant of the V(V)-EDTA
Nebuliser pressure 150 KPa complex (Inczedy, 1976) (log K=18.1) is almost the same as for the
Stabilisation time 15s V(IV)-EDTA complex. When the V(IV)-EDTA complex is mixed
Analytical line 309.311 nm with V(V) species, V(V) would compete with V(IV)-EDTA for
EDTA. EDTA was also added to the V(V) stock solution. Thus, on

mixing stock solutions to prepare samples containing both V(IV)
Reagents and V(V), enough EDTA was present to stabilise both of the V
complexes. The V(IV)-EDTA and the V(V)-EDTA complex,
The water used for the preparation of all solutions was producBdO,(EDTA)]* (Komarova, et al., 1991) are both anions, but they
with a Millipore deionising system composed of two mixed resind)ave different charges. The charge density properties of the two
an activated carbon filter and a diaphragm filter. This water hadc@mplexes form the basis for separating them on an anion exchange
resistivity of 18 M. column. The V(IV)-EDTA complex elutes first, followed by the
V(V)-EDTA complex.
« Ethylenediaminetetraacetic acid (disodium salt) (EDTA). SMM
Chemicals (Pty) Limited. South Africa. 20 mmioEDTA  Optimisation of experimental conditions
solution.
« Ammonium metavanadate (NWO,). Aldrich Chemical Column selection
Company, Inc. USA. 1N (V) stock solution in 20 mmdl/

EDTA. Three Dionex anion exchange guard columns AG4, AG5, and
+  V(IV) oxide sulphate (VOSQ5H,0). Merck. Germany. 14/ AG14, were evaluated for the separation of V(IV) and V(V) EDTA

V(IV) solution in 20 mmol EDTA. complexes. Figure 1 shows the change in resolution as a function
+  Eluant stock solutions: A. 0.5 mbiMa,CO, (anhydrous, BDH  of eluant concentration for each column.

Chemical Ltd., England) in 20 mmoEDTA; B. 0.5 mo¥ Note: The resolution, R, between two adjacent peaks in this

NaHCQ (Saarchem (Pty) Ltd., South Africa) 20 mmol.  paper was calculated by the following equation (He et al., 1996):

EDTA.

R — 24t
1.699(w; +ws)

Reagents were Analytical Reagent Grade. Standards and working
eluents were prepared by appropriate dilution of the stock solutionéere:
with 20 mmolZ EDTA. All solutions were filtered through a  Atis the difference in retention times of two adjacent peaks,
0.22 micron membrane filter. All samples were treated with EDTA  and w and w, are the half peak widths for two adjacent peaks.
to keep the EDTA concentration at 20 miyahd then filtered.

The AG5 column showed the best resolution at all eluant strengths
Sample preparation and was used in subsequent work.

In the case of industrial samples, containing organic constituer@ptimisation of the eluant

which could damage the anion column such as Sasol Benfield-

process samples analysed in this study, a simple chloroform eluantconsisting of 2.8 mmoMa,CO,and 2.2 mmolNaHCQ,

extraction was used to remove organic components. This was dédigecommended by the manufacturer as standard for the AG5

by extracting 10 of filtered sample with three Sémportions of ~ column. For this eluant, however, broad and irregular peaks were

chloroform. observed for the V species. Addition of EDTA, to ensure that the
V-EDTA complexes remained stable during the elution process,
resolved this problem. In addition, EDTA competes with the V-
EDTA complexes for the exchange sites on the column, which
increases the elution rate of the V-EDTA complexes, resulting in
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TABLE 3
The optimisation of EDTA concentration
Column: AG5 guard column. Flow rate: 2.0 m  ¢/min
EDTA V(IV) V(V) Reso-
Conc. lution
(mmol/ ¢) R.T.* W, Peak R.T. W, Peak
(min) (min) Area (min) (min) Area
5 0.386 0.0878 33 869 1.286 0.2333 30 263 .30
10 0.330 0.0750 33 154 1.079 0.2150 32 264 3.04
15 0.334 0.0794 32 264 0.929 0.1861 30 096 2.64
20 0.307 0.0739 32 074 0.795 0.1589 30 888 2.47
25 0.317 0.0761 31 875 0.761 0.1522 30410 2.29
* R.T. = retention time; y = half peak width.
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Total eluant strength(mmol/ () eluant strength(mmol/L)
+ AG5 Column = AG4 column ~ AG14 column ‘ ¢ [CO3]/[HCO3]=1/3 m [CO3)/[HCO3]=2/3 ~ [CO3]/[HCO3]=1/1

[CO3J/[HCO3]=3/2 * [CO3]/[HCO3]=3/1

Figure 1 Figure 2

The change of resolution vs eluant concentration. The change of resolution vs the eluant strength at different ratios
EDTA concentration in eluant: 20 mmol/, flow rate: 2.0m4min. of carbonate to bicarbonate in 20 mmol// EDTA.

Sample: A mixture of 10 mg/¢ V(1V) and 10 mg/¢ V(V) Sample: 10 mg/? V(1V) and 10 mg/¢ (V). Flow rate: 2.0 mdmin.
Column: AG5 guard column.

sharp and well-shaped peaks. Table 3 shows the results for theasurement of high concentration samples as poor resolution
optimisation of the EDTA concentration. would be obtained.
The bestresolution was obtained atlower EDTA concentrations,
but the retention times were still too lorgl(min.) for V(V), and  Optimising flow rate
the peaks were also very broad. At too high EDTA concentratiofable 4 shows the results which were obtained from the measure-
poor resolution resulted, especially for high concentration samplesent of a sample containing 10 (V) and 10 mgf V(V) in
20 mmoll EDTA yielded a rapid separation with acceptable peaRO mmolZ EDTA at different eluant flow rates using the optimum
broadening. This EDTA concentration was used in all subsequezitiant.
work. According to the Van-Deemter theory, flow rate does not have
The concentration of each eluant component can affect thesignificant effect on resolution for an anion-exchange column.
retention time (shown in Fig. 1), half peak width, and measuremenhe nearly constant resolution shown in Table 4 is consistent with
sensitivity (peak area). It was necessary to optimise the eludahe theory. High flow rate reduces analysis time, but also reduces
strength (the total carbonate and bicarbonate concentration) esehsitivity (small peak area). Low flow rate can increase sensitivity,
the ratio of carbonate to bicarbonate in the eluant. Figure 2 sholugt also increases analysis time. An intermediate flow rate of
how the eluant strength influences the resolution for different ratids8 n#/min was selected as a compromise between analysis time
of carbonate to bicarbonate. and sensitivity.
Although, good resolution was obtained at low eluant strength,
retention times were long and, consequently, the peaks were bro@ptimising sample size
especially the V(V) peak. An intermediate eluant strength ddifferent sample sizes were evaluated and experimental data are
16 mmolland a carbonate to bicarbonate ratio of 1 to 3 were chossimown in Table 5.
for further work. By using this eluant, the corresponding resolution The difference in retention times was negligible. Small sample
was about 1.8. Higher eluant strength was unfavourable for tBize results in good separation but poor sensitivity, while large
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TABLE 4
The effect of flow rate on the chromatographic separation of
V(IV) and V(V) for the AG5 column

Flow V(IV) V(V) Reso-
rate lution
m¢/min R.T. W, Peak R.T. W, Peak
(min) (min) Area (min) (min) Area
1.0 0.610 0.1600 38 39¢ 1.630 0.3222 35881 2.04
1.4 0.459 0.1094 34 883 1.177 0.2322 32933 247
1.8 0.356 0.0861 32 887 0.908 0.1822 308713 242
2.2 0.298 0.0717 29 532 0.743 0.1506 28 513 2.36
2.6 0.255 0.0550 26 566 0.617 0.1222 26 718 2.40
3.0 0.236 0.0544 24 72( 0.563 0.1106 24 516 2.33
TABLE 5

The effect of sample size on the chromatographic separation of V(IV)
and V(V). Sample: 10 mg/ ¢ V(IV) and 10 mg/ ¢ V(V). Flow rate: 1.8 m ¢/min

Sample V(IV) V(V) Reso-
size lution
(V) R.T. W, Peak R.T. W, Peak

(min) (min) Area (min) (min) Area

30 0.349 0.0850 34 998 0.884 0.1861 31 4p7 2.82
40 0.335 0.0806 39 281 0.837 0.1978 38 302 2.04
50 0.364 0.0844 43 600 0.914 0.2150 42 281 2.16
60 0.364 0.0867 49 102 0.925 0.2278 48 9p4 2.40
70 0.371 0.0850 58 770 0.908 0.2222 56 3p1 2.06
80 0.367 0.0858 72 138 0.865 0.2250 70 572 1.89

sample size leads to good sensitivity but poor separation. Fogak overlap and to ensure good separation, a concentration range
concentrated samples, too large a sample size can cause colfimm 2 mg/to 100 mgffor V(1V) , and 10 mg/to 100 mgtfor V (V)
overload. An intermediate sample size offBQvas used for all is recommended for routine analysis. For high concentration
subsequent analyses. samples, appropriate dilution is necessary.

Detection limits and analytical working ranges

TABLE 6

Detection limits based on the average of the blank value plus three The effect of the V(IV)V(V) concentration ratio

times its standard deviation, and analytical working ranges based
on two times the best RSD of the calibration, were determined for

the V species under the chromatographic conditions and ICP-OES
cond_itions given in Tables 1 and 2. The detection Iimit; of V(IV VIVIV(V) | R<12 Quantitative results for V(IV)

species were 0.02 migind 2ug/ by using a glass nebuliser and and V(V)

ultrasonic nebuliser, respectively. For V(V) species, the detection 12<R<20| Quantitative result for V(IV)

limits were 0.05 mg@/and 2ug/ by using the glass nebuliser and and qualitative result for V(V)
ultrasonic nebuliser, respectively. The analytical working ranges

Ratio (R) | Result

for V(IV) was 2.0 mgf to 366 mg!. The limits of quantitative R>20 Only one peak for V(IV)
determlnatlpn for V(IV) were 2.0 mgand 0.26 m_g/by using a VIVNV(IV) | R<10 Quantitative results for V(V)
glass nebuliser and ultrasonic nebuliser, respectively. The limits|of and V(IV)

guantitative determination for V(V) were 4.1 thghd 0.17 md/
by using the glass nebuliser and the ultrasonic nebuliser, respectively.
The analytical working range for V(V) was 4.1 g/ 310 mg/.
Two problems were observed in measuring the V(V)-EDTA
complex. The peak width increased with increasing concentration,
while the retention time of the peak decreased. When using the
AG5 guard column to analyse high concentration mixtures of
V(IV) and V(V), poor resolution was obtained. In order to avoid

10<R<15| Quantitative result for V(V)
and qualitative result for V(IV)
R>15 Only one peak for V(V)
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TABLE 7
Comparison of known concentrations with measured concentrations using the glass nebuliser.
Correlation coefficient, R, for V(IV), was 0.9998, for V(V) it was 0.9982 (five standards calibration)
Sample V(IV) V(V) Reso-
No lution
Known Measured Recovery Known Measured Recovery
mg/¢ mg/¢ mg/¢ mg/¢
1 2.0 1.9+0.2 95% 10.0 12.0+0.6 120% 1.7
2 5.0 4.6+0.5 92% 15.0 15.5+0.9 103% 1.1
3 20.0 19.6%1.2 98% 30.0 29.0+0.9 97% 1.2
4 50.0 51.6+1.1 103% 60.0 56.7+2.4 94% 1.0
5 100.0 99.3£3.1 99% 100.0 101.8+3.0 102% oJ7
TABLE 8
Comparison of known concentrations with measured concentrations for various V(IV) to V(V)
ratios using the glass nebuliser. Correlation coefficient, R, for V(IV), was 0.9988, for V(V),
it was 0.9997 (seven standards calibration)
Sample V(IV) V(V) Reso-
No lution
Known Measured Recovery Known Measured Recovery
mg/¢ mg/¢ mg/{ mg/{
1 3.0* 3.8+0.6 127% 8.0 8.0+0.6 100% 1y
2 100.0 102.9+2.0 103% 10.0 8.9+0.5 89% 0l9
3 80.0 76.7+2.1 96% 15.0 15.2+0.9 101% 14
4 40.0 39.2+1.1 98% 20.0 20.3£1.1 102% 1{3
5 40.0 38.2+2.0 97% 40.0 41.0+1.3 102% 11
6 20.0 19.6x1.4 98% 60.0 60.7£1.4 101% 0}9
7 10.0 9.8+0.8 98% 80.0 79.2£1.7 99% 0,8
8 8.0 8.7+1.9 109% 100.0 99.8+3.5 100% 0|8
* This concentration is near to the limit of quantitative determination for V(IV) at 2 mg/

Interference study Accuracy

The ratio of V(IV) and V(V) The method was applied to samples with known concentrations of

When the concentration ratio of the two species is large, théye V species. The results are shown in Tables 7 to 9. The

interfere with each other during measurement. When the maionfidence intervals were based on four replicate measurements

species at high concentration is measured at reduced photomultipdiad a confidence level of 95%.

sensitivity, the detection of the other species at low concentration A comparison of the known concentration with the measured

during the same measurement cycle is impaired. The results of tmncentration shows a good agreement. These results show that the

ratio study are shown in Table 6. method can be applied successfully to measure V species in water
The reason why the ratio of V(IV)/V(V) is larger than the raticsamples.

of V(V)/V(IV) is that the V(IV) peak is narrower than the V(V)

peak and it can be integrated more accurately than the V(V) pe&kfect of sample pH

Other elements and ions Because the pH range could be expected to be large in industrial
At the chosen measurement wavelength of 309.311 nm, only ts@mples, the effect of sample pH on analytical results were
nearby Nb line at 309.418 nm can cause a spectral interferencemvestigated. Four self-prepared samples with the same
the V measurement. Al concentrations higher than 100 eayi  concentration (20 mg¥/(IV) and 20 mgfV(V)), but with different

also interfere with V measurement, especially for V(V) measur@H values, were analysed after adding 20 mhieBTA. The
ment. This can be attributed to the fact that the Al emission line @ncentrations determined for the two species are summarised in
309.271 nm causes a background enhancement on the V-emisdiable 10. The results show no systematic variation as a result of pH
line. The common anions, such as:@&, Br, CH,COO, NO,, variation. It proves that the method can be utilised to determine V
NO,, SO, and HPQ do not cause interference. speciesin samples which may have a large range of pH values, from

pH 3.0 to pH 10.5.
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TABLE 9
Comparison of known concentrations with measured concentrations for different ratios of V(IV) to
V(V) using the ultrasonic nebuliser. Correlation coefficient, R, for V(IV), was 0.9993, and for V(V) , it
was 0.9994 (seven standards calibration)
Sample V(IV) V(V) Reso-
No lution
Known Measured Recovery Known Measured Recovery
mg/¢ mg/¢ mg/¢ mg/¢
1 0.2 0.13+0.06 65% 0.8 0.74+0.17 92% 1.2
2 0.6 0.65+0.02 108% 6.0 6.19+0.04 103% 11
3 1.0 1.00+0.08 100% 8.0 8.39+0.14 105% 0.8
4 2.0 2.02+0.09 101% 4.0 4.0440.10 101% 11
5 3.0 2.96+0.08 99% 2.0 2.02+0.12 101% 1.2
6 4.0 4.11+0.24 103% 0.5 0.42+0.09 84% 15
7 5.0 4.92+0.78 98% 10.0 9.79+2.12 98% 1.2
TABLE 10 TABLE 11
Effect of sample pH The preparation of simulated
Sasol samples
Sample | pH V(IV) concentration V(V) concentration Volume 2 mol/ ¢ (NH4)ZS added/m¢
No. (mg/¢) (mgl¢)
Known Measured |Known Measured Testing sample Volume
1 10.2 200  20.9+03 200  20.5:05 Sample 1 0
2 8.9 200  20.0:04 200  19.7+0.4 Sample 2 2
3 7.0 20.0  20.6+0.7 20.0  20.3:0.7 Sample 3 4
4 3.6 20.0  20.8+05 200  20.0+0.4 Sample 4 6
treated with different amounts of
TABLE 12 (NH,),S to reduce the V(V) to V(IV).
V(IV) and V(V) content of simulated Sasol samples. Reproducibility was This produced solutions with different
based on three replicate determinations and a confidence level of 95% V(IV)/V(V)ratios. (NH,),S was added
to 0.5 idsample which was then diluted
Test ICP IC to 50 n? in a volumetric flask with
sample 20 mM EDTA. The volume of (N§),S
Total V Conc. V(Iv) V(v) Total V Conc. solution added is summarised in
(mgl?) (mgl?) (mglY) (mgl?) Table 11.
Sample 1 48.10+1.80 | < Detection limit ~ 49.10+1.50  49.58+1.59 thr(ﬁjlg;eg_tzzarrnn:r'fsravr‘:grzltglrtserzgd
Sample 2 47.88+1.27 76x0.47 43.25+2.1y7 49.01+2.64 measured by direct ICP-OES to obtain
Sample 3 47.63+1.42 13.68+1.89 36.52+2.54 50.20+4.43 . -+ ta1 V concentration and by the
Sample 4 47.13+0.78 21.06+0.92 28.27+1.20 50.33+2.[12 proposed IC-ICP-OES system to
obtain the species concentration and
the total V by summation. Table 12
The analysis of industrial samples summarises the results.

As expected, the V(IV) content increased with increasing

The method was evaluated by analysing eight samples obtaireedounts of reducing agent. The total V content obtained by the two
from different stages in the Benfield process for (@Moval used methods was comparable, with the IC-ICP-OES results somewhat
by the synthetic fuel manufacturer, Sasol. In this process the V(I\Qloser to the expected 50 rhgrhis suggests that the proposed
V(V) redox coupleis used to protect the inner surfaces of steel pipagethod will give accurate results in the measurement of industrial
against corrosion. effluent and industrial process samples.

The samples from Sasol were likely to contain two V species,
V(V) and V(IV) in various ratios depending on the process phas€hloroform extraction
To simulate these different phases where different V(IV)/V(V)
ratios would occur, a Benfield sample with an approximat8ince the Sasol samples could contain organic constituents which
concentration of 5 000 mgV (V) buffered with 350 mmolK,CO,  could damage the anion column, a simple chloroform extraction
and 100 mmol/KHCO, at pH 10.5 was prepared. The sample wag/as used to remove the organic components. To determine whether
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this extraction can cause loss of V or not, the samples obtained fra@0-fold with 20 mmo¥ EDTA after triple extraction with
Sasol were analysed for total V content by ICP-OES before actloroform. No nitric acid was added, because the pH values of
after extraction. The pH value of the samples was about 11. Tesepared Sasol samples were between 8~9, within the working pH
samples were prepared by 100-fold dilution with deionised wateange for the proposed method. Double filtration through 0.22
in a 50 nd volumetric flask. 3.0 #165% HNQ was added to the micron membrane filters was performed to prevent the column
flask to adjust the test sample’s pH value to that of the standaréfem blocking. To evaluate possible matrix effects caused by
The total V concentration in 3 of the 8 Sasol samples was alsomplex Benfield samples, test samples were determined by the
determined by an independent analytical laboratory, Modderfontestandard addition method. The results are summarised in Table 14.
Laboratory Services(MLS) in Johannesburg by ICP-OES. The Agreement between the total V concentrations shown in Table
three samples were prepared as follows: @&fmaw sample was 13 and the sum of the speciation results shown in Table 14 is
diluted with 50 nd deionised water acidified with 7.52(185%  excellent.
HNO,, then heated for 20 min in a water bath &GGiltered
through a 0.22 micron membrane filter, transferred to a 00 r@onclusion
volumetric flask and made up to the mark with deionised water. The
total V concentration before and after extraction and the resulthie proposed IC-ICP-OES system offers an accurate, precise and
obtained from MLS after correction for dilution are compared imterference-free method for the simultaneous determination of
Table 13. V(IV) and V(V) inindustrial and water samples. The method is fast
Statistical analysis shows no difference between the resu(tess than one minute per run), simple and relatively inexpensive
before and after extraction, and the MLS measurements show gaiace it utilises a guard column instead of an expensive analytical
agreement with the results obtained in this work. Consequently, adllumn.
test samples prepared for the IC-ICP-OES system were diluted The following should, however, be kept in mind:

« At high concentration levels, Al broaden the V(V) peak,
because its emission line (309.271 nm) is close to the V
emission line at 309.311 nm. Proper dilution of samples may

(mg/9) solve this problem.

TABLE 13
The comparison of total vanadium concentration

e With high concentration of V in samples, good baseline

Sample | Before extraction After extraction MLS measurement resolution can be achieved by using a AG5 guard column

No. 100-fold dilution 100-fold dilution ~ 100-fold dilution coupled with AS5 analytical column, or the AG5 column only

1 5123 50.74 can be used after proper dilution.

2 52.16 50.84 « AtlowV concentrations, an ultrasonic nebuliser isrecommended

3 62.05 63.06 68 instead of a glass nebuliser.

4 71.08 69.38

5 70.11 71.28 68 Acknowledgements

6 42.30 43.37 44 ) .

7 61.32 61.16 The authors thank the NRF for financial support, and Sasol for

8 65.08 64.14 providing test samples.

TABLE 14

Comparison of V concentrations in Benfield samples determined using external
standards and the standard addition method. Number of replicate
determinations is 3.

Test External standards Standard addition
sample
No. V(IV) V(V) Total V(IV) V(V) Total
(ma/9) (mg/?) (mg/?) (ma/9) (ma/?) (ma/?)
1 16.18+0.46 36.35+£0.05 52.53+0.5p
2" Undetectable 49.42+0.12 49.42+0.12
3" Undetectable 64.78+1.94 64.78+1.94 1.84 64.04 64.04
4 18.67+2.28 51.84+1.91 70.51+4.19 18.76 53.64 72.4Q
5 18.32+1.46 48.80+2.18 67.12+3.6¢4 20.24 52.78 73.02
6" Undetectable 41.40 £1.59  41.40+1.59 1.74 48.08 48.08
7 17.24+£1.76 44.48+3.05 61.72+4.81
8 18.12+2.93 41.51+1.94 59.63+4.8)7

* Values below limit of quantitative detection
** The sample was obtained after the oxidation process used to convert V(IV) to V(V)
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