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Cloud point extraction (CPE) and solid phase efitac(SPE) methods were developed for the detetinimaf pg I* of
vanadium ions in surface, tap and bottled mineratew samples, based on the rapid reaction of vamg#) with 8-

hydroxyquinoline (8-quinolinol) at pH 3-5. Both the sensitive extian methods were successfully employed for the

preconcentration of V in real samples. For CPE ovhglexed with 8-quinolinol and then was entrappedadn-ionic surfactant
Triton X-114, while for SPE, V was adsorbed on XADimpregnated with 8-quinolinol. The experimertahditions for SPE
(pH, eluent, and contact time between the liquich@a and the resin) and CPE (pH of sample solutimmcentration of 8-
quinolinol and Triton X-114, equilibration tempeaxed and time period for shaking) were investigatedetail. The validity of
SPE/CPE of V was checked by certified referencesriadtof water (SRM-1643e). The extracted surfaetan phase (200 pl)

was mixed with 200 pl of HNEin ethanol and this final volume was injected iatectrothermal atomic absorption spectrometry

with different modifiers. Under these conditionbg tpreconcentration of 25 ml sample solution alldvilee raising of an
enrichment factor of 100 and 10 folds for CPE aR& Sespectively. The concentration of V in surfaeeer (river and lake), tap
water and bottled mineral water samples was foartktin the range of 1.30-19.9, 1.05-5.25 and 0.87-pg 1, respectively.

Keywords: Vanadium, Surface and bottled mineral water sam@eQuinolinol, XAD-2, Triton X-114, Cloud poinkt&action

INTRODUCTION

Vanadium(V) is widely distributed at low conceritvas
in the earth's crust and is known to be essentiallifing
organisms, possessing specific physiological famsibut it
can be toxic when present in higher concentratifi]s
Vanadium compounds are released into the atmospteirdy
by burning fossil fuels and also from various inia$
processes [2-3]. Recently, its compounds came fotas in
medical science due to the discovery of their imslike
properties [4]. On the other hand, excess intak¥ ofhibits
biosynthesis of blood cholesterol and enzyme &iwi and
some diseases are induced because V maymatate in
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blood [5-6]. Therefore, the level of V in drinkivgater must
be strictly controlled. Unlike organic pollutanty¥, is not
biodegradable and it may build up in certain ecsteps to
the level which may be toxic to living organismg.[The
biological and physiological characteristics of &pgnd upon
its oxidation states. Generally, V exists in twadation states
(tetravalent and pentavalent) in aquatic envirortmand \?*
is more toxic than ¥ [8]. Okamuraet al. [9] reported that the
oxidation state of V changes in aqueous soluti#he. V** is
gradually oxidized and could not exist in neutrad easic
natural waters. Consequently, the predominant \tispeis
V>*in oxic environments.

Since one of the routes of V incorporation inte tuman
body is water, its determination in this type ofngde is very
important in biochemical, geochemical andviemmental
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studies [3,5,10]. Concentrations of V in drinkingter may  extraction [28]. However, research on V complexeth \8-
range from about 0.2 to > 1Q@ I, typical values appear in quinolinol ligands or its derivatives has primarigncentrated
between 1-6ig I'* [11]. Vanadium is present in water at traceon \°*, because the ¥ makes stable complex with 8-
levels. Therefore, the quantification of V is regui for  quinolinol [29].
evaluating the potential risk and benefits [12].efleh are a In the present work, advanced rapid extractionhg,
variety of analytical techniques such as, atomisogttion cloud point extraction and solid phase extractiosing the
spectrometry [13], inductively coupled plasma-atomi same complexing reagent 8-quinolinol, were devaldpethe
emission spectrometry (ICP-AES) [14] and inductivel determination ofig I'* level of V ions in natural surface water,
coupled plasma-mass spectrometry (ICP-MS) [15] @&t local municipal water supply and bottled mineral tava
used for the determination of V in environmentainpes samples. The enrichment of V ions by SPE comprises
because they have high sensitivity, selectivity aadnple adsorption on XAD-2, modified with 8-quinolinol, & the
throughout. However, the cost of instrumentationynte  preconcentration of V by CPE is based on the foionadf a
prohibitive to many laboratories. neutral hydrophobic complex with 8-quinolinol, whids

Electrothermal atomization atomic absorptionsubsequently trapped in the micellar phase of aiomin
spectrometry has been used to determine V in diftemedia, surfactant (Triton X-114) at a temperature highemt cloud
but presents some problems owing to the formatiébn opoint. Several experimental variables affecting @RE and
vanadium carbide during the ashing and atomizasitmps, SPE sensitivity and selectivity were investigatedeétail. The
which decreases the sensitivity. These problems angrecision, accuracy and interferences of the methete also
minimized by pre-heating the graphite tube befomengle investigated. The analyte in surfactant rich plastdesorbed
injection [16,17]. Although ETAAS is the most frespily  solution was determined by ETAAS with different rifaats
used technique in the determination of traces ofhé, low including Bak, Mg(NOs),, Pd(NQ), and mixtures of
level of V concentration in water is not compatiéh the Pd(NG;), and Bak.
detection limit of this technique. In order to amlé accurate,
reliable and sensitive results, pre-concentratioand EXPERIMENTAL
separations are needed [18,19].

The widely used techniques for the separation an@Reagents and Apparatus
preconcentration of V include solid phase extract{S8PE) Ultrapure water obtained from ELGA lab water sgste
[20,21] using different adsorbents, activated carddsorption (Bucks, UK) was used throughout the work. The rmmie
[22], amberlite XAD resin [23], co-precipitation 4R and  surfactant, Triton X-114, was obtained from Sigr8a (ouis,
cloud point extraction (CPE) [25,26]. However, theMO, USA) and was used without further purificatiorhe
conventional solvent extraction and co-precipitatiare chemicals used were of analytical grade, and dlitems
laborious and carry a risk of contamination. Whilee  were prepared with ultrapure water. A 2% solutidn8e
chromatographic techniques often suffer from sucthydroxyquinoline (Merck) was prepared by dissolvingn 10
disadvantages as incomplete derivatization, beiiget ml ethanol (Merck) and diluting to 100 ml with 0.MLacetic
consuming and complicated operating procedures,SfAE  acid and kept in the refrigerator (4 °C) for oneeweA
and CPE are impressive alternatives to the comwealti solution of Bak was used as the chemical modifier by
solvent extraction because they enjoy high exwacti dissolving 1 g of the salt (99.99% purity, Aldriddjlwaukee
efficiencies and pre-concentration factors, and us&Vl, USA) in 100 ml of ultrapure water. The palladiwitrate
inexpensive, non-toxic reagents [27]. solution of 1000 mg was prepared by dissolving 106.6 mg

The 8-hydroxyquinoline (8-quinolinol/oxine) andsit Pd (NG), (Merck) in 50 ml of 0.1% (v/iv) HNQ A 1.0 M
derivatives have been widely used as complexingtagable  solution of Mg(NQ), (Merck) was prepared by dissolving
to chelate a wide number of metal ions and genewsiéd for 14.8 g Mg(NQ), in 100 ml of deionised water. The 0.01 M
the recovery and determination of metal siohy solvent acetate buffer was used to control the pH of thetiems. The
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pH of the samples was adjusted to the desired g8 (8 the
addition of 0.1 M of each HCI or NaOH. To make soffe
accuracy of the methodology, certified referenceemals of

different brands of mineral water which had beettled on
four different dates (5 bottles of each brand) wel¢ained
from local markets of Sindh, Pakistan [33]. All wasamples

water SRM 1643e (National Institute of Standardsl an were acidified to pH 2 with concentrated HN&hd stored at 4

Technology (NIST), Giathersburg, MD, USA) was usAd.
other chemicals were of analytical reagent grade aere
used without further purification.

Apparatus
Instruments included a double beam Perkin ElImemat

°C in bottles.

Solid-Phase Extraction

The XAD-2 (2.0 g) was added to 10 ml of 1% 8-quiimal
solution (prepared in 0.1 M ethanolic-acetic acdyl shaken
(30 rpm) for one hour at room temperature. Aftedsarthe

absorption spectrometer model 700 (Norwalk, CT, YSAresin was filtered out, washed with water, driedrabm

equipped with a graphite furnace HGA-400, a pyrtetda
graphite tube with integrated platform, an autosampS-800

and a deuterium lamp as the background correctystes.

Vanadium was measured at 318.5 nm with a V hollathade

lamp and a slit width of 0.7 nm. Pyrocoated grapliitbes
with an integrated L'vov platform and peak areaegmtion

were used. The graphite furnace program for V dateation

was temperature (°C)/ramp time (s)/hold time (s)drying

100-150/1/10, ashing 1600/15/20 and atomizationOZB@,

respectively, with Argon flow rate of 200 ml fip

Sample Collection and Conditioning

The surface water samples (lake and river) welleated
on alternate months in 2009 from different sampkitgs of
Jamshoro, Sindh (southern part of Pakistan), viiehhelp of
Global positioning system (GPS). The district ungiedy is
positioned between 25°126°42 N and 67°1268°02 [30-
32]. The sampling network was designed to coveridew
range of determinants of the whole district. Fromche
sampling site, fresh surface water samples weteated from
the main stream of the lake and river at five to different
sampling points with a depth of 20-30 cm. Surfacaten
samples were collected using Van Dorn plastic est{lL.5 |
capacity) and kept in well-stoppered polyethylerlastic
bottles which were soaked in 10% nitric acid for I24&and
rinsed with ultra pure water before use. As for téye water
samples, the municipal pipe water was allowed tofar 10
min and then approximately 1000 ml of water in lerakvas
collected (n = 25). All water samples were filtetbdough a
0.45 pm pore size membrane filter (Millipore Corgtion,
Bedford, MA, USA) immediately after sampling to reve
suspended particulate matter. And finally, 2fitles of four

temperature and kept in desiccator on calcium suéphThe
dried resin filled in the column and was precomdigd with
acetate buffer at pH 4-6. A 25 ml of standards @244 %),
and 50 ml of each real water samples were passedgh the
column at flow rate of 0.5-2 ml mi controlled by a
peristaltic pump. The adsorbed V was desorbed figrdnt
concentrations of HNQ which was then introduced with
different modifiers into the electrothermal atormize

Cloud Point Extraction

For the preconcentration of V, aliquots of 25 nfl o
standard solutions in the concentration range 2.0¢LI* of V
and triplicate of each natural, tap and bottled erah water
samples (50 ml) were transferred into a centrifude with
glass stopper. 0.2-1.0 ml of 1% 8-quinolinol (056%0°%-2.76
x 10° M) and 0.1-0. 5 ml of 1% Triton X-114 solution was
added, then the pH was adjusted in the range ofigifg) 0.1
M of NaOH/HCI with the help of pH-meter. The solriwas
heated in an ultrasonic water bath for 10-60 mid@&B0 °C
and centrifuged at 3500 rpm (1852 x g) for 2-10.Mifhen
the solution was cooled in an ice bath for 5 mihe t
supernatant aqueous phase was discarded, andntlaénireg
micellar phase was diluted with 0.2 ml of HND ethanol
(1:10 v/v). The volume of the surfactant-rich phaser the
phase separation was measured using a graduatederyl
The resulting solution was injected into the eleittermal
atomizer with different modifiers separately.

RESULTS AND DISCUSSION

The 8-quinolinol reagent well known in analytical
chemistry for being used in the complexationnodst of the
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metals in standard solvent-extraction methods 4,70

check the accuracy of the SPE and CPE, the reshitined

from certified water samples were used for comparis
purposes.

Optimization of SPE

Effect of pH on sorption. The retention of V was
determined in the pH range of 2-8. A set of subamof a
real sample (volume 25 ml) was spiked with 10.0f1gf V.
The effect of pH on the sorption efficiency of V @&
quinolinol-modified XAD-2 from these solutions wstdied.
The pH profile for the sorption of V is shown ingFiL. It can
be seen that the maximum adsorption of V is obseatehe
pH range of 4-5.5. At lower pH < 3.0, V sorption &n
quinolinol-immobilized XAD was very low. HoweverHo4
was found to be sufficient for more than 80% samptdf V,
whereas with pH 4.5 the sorption efficiency of VsAaund to
be > 95%. At pH > 5.5 the sorption efficiency wasikased.

Effects of flow rate. The sample flow-rate should be
optimized to ensure quantitative retention alonghwihe
minimization of the time required for a single esipeent.
This parameter may have a direct effect on thekbineaugh
volume, and elevated flow-rates may reduce thekitiheaugh
volume. The degree of V ion sorption on 8-quinalino
immobilized-XAD packed column was studied at vasidlow
rates of V ions solution controlled with a peristapump. The
flow rate for loading V ions was studied in the garof 0.5-2
ml min®. However, at a flow rate of 2 ml mtna decrease in
the sorption percentage was observed. For furtioek,va 1.0

120
100
80 |
60 |
40 |
20 |
0 1 1 1 1

0 2 4 pH 6 8

Sorption%

10

Fig. 1. Effect of pH on the sorption of vanadium (10 fty |
resin dosage 2.0 g, flow rate 0.5+2mim™).

different solid phase [35].

Sorption capacity. The sorption capacity (maximum
amount of a metal sorbed per gram of the matrix)Maons
was determined by the batch method. Triplicatetsmis (25
ml) containing 10Qug I™* of V, adjusted to pH 4.5 and diluted
up to 50 ml, were placed in glass stoppered fl§&R€ ml),
then was added 8-quinolinol loaded XAD-2 (0.1 b flasks
were stoppered and shaken for 30 min. The optimanption
occurred after 20 min at room temperature 30.ML6. After
filtering out the solid matrix, the filtrate was lgacted to
ETAAS to determine the capacity of the sorbent. 3twgption
capacity of V onto 8-quinolinol-XAD-2 resin was fodi to be
in the range of 47.5-50.8 mol g*. This capacity was also
determined after one month, and during this perind,
significant changes in the capacity were observlad.column
properties remained constant up to 20 times. Assalt, the
sorbent needed to be conditioned for the subseqanple

ml min® flow rate was selected. The effect of the sampleénrichment. Hence, pumping 0.1 MNO; solution, then

volume on the retention behavior of the V ions waamined.
It was found that the recoveries were constant wieto 500
ml of the sample solution was used. At higher vadsm
however, the recoveries for the analyte were deegka

Effect of eluent. Different concentrations of HNO(1-4
M) were applied for desorbing the retained V ions &
quinolinol immobilized-XAD. It was observed that eth
sorption of V on the 8-quinolinol-XAD-2 occurred piH 4.5
and that 97-99% recovery of the V was achievechbyuse of
2 M of nitric acid. It was observed that 3 ml oMPHNO;zcan
strip the adsorbed V ions quantitatively, whereasl=f the
acid was used to recover the sorbed V. The nitiid solution
is suitable for desorbing different heavy metadsorbed on

900

deionised water, and finally buffer solution at g+ [36,37].

Optimization of CPE

The preconcentration of V is based on the forrmatiba
neutral, hydrophobic complex with 8-quinolinol, whi is
subsequently trapped in the micellar phase of aiooic
surfactant (Triton X-114). Employing the thermaihduced
phase extraction separation process known as GBEnalyte
is highly preconcentrated and free of interferenicea very
small micellar phase. Several parameters play fsogmnit roles
in the performance of the surfactant system thased and its
ability to aggregate, thus entrapping the analpeces. The
pH, surfactant type and concentration, temperattinree and



Cloud Point and Solid Phase Extraction of Vanadium

complexing reagent concentration were all studied the
optimum analytical signals. 100

pH effects.To study the effect of pH, six sub-samples of S 80|
surface water (50 ml) were replicated, bottled mahevater g
samples were spiked with 10 pg of V, the pH of each § 60 1
solution was adjusted to different pHs with HCI/N&O 8 40
covering the pH range of (2-8), and then complexegpents & 20
and surfactants at optimum levels were added. Eigwshows 0 " . . . . . .
the effect of pH on the extraction recovery of \high was 1 2 3 4 5 6 7 8 9

calculated on the basis of the amounts of analgtehie

surfactant rich solution after extraction at diffiet pHs. As

can be seen, the quantitative extraction (> 95%) elained Fig. 2. Effect of pH on the %recovery: 10 p§V, 6.90 x 1¢
for V in the pH range of 4-5 at which the V-8-quiinol M quinoline, 0.1% (w/v) Triton X-114Temp. 42 °C,
complex was neutral (Fig. 3), but started to desgest pH 5.5. stirring time 15 min.

At higher pH values, the complex possesses a vegeatiarge,

and it cannot be entrapped in the nonionic miceddsehavior

which is in accordance with the results of the ey studies

[38]. Hence, pH 4.5 was chosen for CPE of V.

pH

120
. . >, 100
Effect of Triton X-114 concentration. The amount of & 80
Triton X-114 was not only affected by the extrantio é 60
efficiency, but also by the volume of surfactamfriphase. & 40
Due to lower cloud point temperature of Triton X411it = 20
avoids back extraction of analytes during the c¢tmgation. 0 : : : :
The variation in the analytical signal as a functiof the 0 0.05 0.1 0.15 0.2 0.25
concentration of Triton X-114 in the range 0.0290.2v/v) Triton X-114 (%w/v)
was investigated. The result in Fig. 4 shows thae¢ t rig 4 Effect of Triton X-114 on the %recovery: 10 [fgV,
%recovery of V was decreased by increasing theifik-114 6.90 x 18M quinoline, pH 4.5, Temp. 42 °C, stirring
concentration up to 1% (v/v). At higher comications of time 15 min.

Fig. 3. Complex of vanadium(V) with 8-hydroxyquinoline.
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Triton X-114, the signals decreased because ointtrement
in the overall analyte volumes and viscosity of shefactant
phase. In the present study, 0.1% (v/v) Triton X-%ias used
for the optimum extraction of V.

Amount of 8-quinolinol. 0.2-1.0 ml of stock solution of 8-
quinolinol (6.9 x 1¢ M) was added to the corresponding
0.552 x 13-2.76 x 10° M, to replicate the sub-samples of real
water samples spiked with 10 |i§df V solutions and Triton
X-114 at the optimum pH and subjected to the ekac
procedure. It was found that 0.5 ml of stock solutof 8-
quinolinol was sufficient for the optimum amount arfialyte
extraction and that an excess of 8-quinolinol rexignhanced
the extraction efficiency nor the adverse effeEig.(5).

The optimum amount of 8-quinolinol 0.5 ml corresgimg
to 1.38 x 16 M, was applied to 20, 50 and 100 pydf V
solutions. The resulting surfactant rich phase dihged 2, 5
and 10 times with acidic ethanolic solution, resety,
before being injected into the ETAAS. The signaisained
were all identical with those of the 10 pg df V solution,
showing that 1.38 x 1OM of 8-quinolinol solution was
sufficient for V concentrations up to at least 1apr.

Effect of time and temperature.The reaction takes about
40 min to be completed at room temperature, butdtes can
easily be increased by heating. When it was subjletb
heating in ultrasonic water bath in the range &05min, the
formation of the complex was optimum at 15 min éonmger
heating times did not significantly affect the reedes.
Therefore, heating for 15 min in ultrasonic watathhwas
selected for the optimum recoveries of V. The affeof
temperature on the analytical signal were studiethé range
of 30-80 °C. Since, in the present study > 40 °G used for
the optimum extraction efficiency of V, so 45 °Canselected
for the optimum extraction of V. The effect of cefutgation
time upon extraction efficiency was studied in thege of 2-
10 min. A centrifugation time of 6 min at 3500 rpwas
selected as the optimum; because complete phaseatiep
occurred at the end of this period and no appréziab
improvements were observed for longer times.

Interference Studies for SPE and CPE

Certain experiments were performed to discovedtdgree
to which the proposed method is susceptible torfietence
from elements known to interfere with the formatiof V-8-
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Fig. 5. Effect of oxine concentration on the %recoverypt0
'V, 0.1% (w/v) Triton X-114, pH 4.5, Temp. 42 °C,
stirring time 15 min.

quinolinol complex, or with the determination of Wy
ETAAS, including those forming refractory compouradgow
temperatures. The interfering effects of severdglona and
anions (AF*, B&*, c&*, Fe*, Mg*, Mo*', CQ,%, F, SO and
CI) on the SPE and CPE were assessed by means ofgspik
known amounts of the potential interferences imdad
solution of V (10 pg1). Interference was defined as being
significant if a change of more than 10% in the sueaments
was observed. The determination of V was possibl¢he
presence of an 800-fold excess of Ca, Mg and B&0afold
excess of Cd, Ni and Pb, a 300-fold excess of Ad a200-
fold excess of Mo and Fe. The amounts of these eziésnin
water are less than what is necessary to caugéeirgece. On
the other hand amounts of anions usually presematier do
not produce any interference. Commonly encountenattix
components such as alkali and alkaline earth elesnen
generally do not form stable complexes and areertracted

in the proposed system. Since the 8-quinolinolisselective
for V because it reacts easily with a variety oftae in the
present study the CPE and SPE of V-8-quinolinol ever
relieved of the interference in question.

Calibration and Sensitivity

To obtain a calibration graph, standard V solugion
containing 2-50ug I of V were made up to 50 ml with
ultrapure water and subjected to CPE and SPE puoesd
separately. The calibration graphs were linear witirelation
coefficients of 0.9995 and 0.998, respectively. Tegection
limit (LOD), calculated as the amount of V requitedyield a
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Table 1Validation of Cloud Point Extraction (CPE) andi8d@hase Extraction (SPE) of Vanadium in Certifie
Sample of Water SRM 1643gndElectro Thermal Atomic Absorption Spectrometry

Certified value of SRM 1643e SPE CPE Paired t tedt
(Water) XFts/ \/ﬁ xFts/n tE><perimenta|
37.86 + 0.59 36.9+2.36 37.3+212 0.458
(97.5%) (98.5%) '
Validation of methods by standard addition method
Added Experimental values Paired t tedt
(Hg rl) SPE CPE tExperimental
0 19.4 £1.12 19.9+1.15 0.324
Lake water 2 20.8 +1.87 21.5+1.49
(n=6) (97.2%) (98.2%) 0.368
5 23.7+2.1 24.4+1.80
(97.13%) (98%) 0.421
10 285+2.38 29.43£2.25
(96.93%) (98.4%) 0.415

feenica= 2.57 at 95% confidence limit, (n = 6). Value iargnthesis () = %recovery.

net peak that was equal to three times the stard#asidtion of
the back ground signal §3was 50 ngt. The accuracy of the
method was checked by certified standard referematerial,
NIST SRM 1643e and standard additions method aethr
concentration levels, 2.0, 5.0 and 10 ftgof V spiked with
sub-samples of a surface water sample, before Iseibjgcted
to CPE method (Table 1). The enrichment factorSIRE and
CPE were 10 and 100, as the original volume usethén
present experiments (50 ml) and the final volumesaws and
0.5 ml, respectively. The enrichment factor in CR&s ten
times higher than that in SPE. The relative stashdawviation
(%RSD) for 10 replicates containing 10 igof V for SPE
and CPE were found to be in the range of 8.1-9.8% =8-
7.5%, respectively.

Matrix Modifiers

Vanadium is a refractory element as well as aiderb
forming one. Its atomization is carried out at vdrigh
temperatures in the graphite tube. The atomizatitiniency
could be obviously improved by increasing the atation
temperature, but at the same time, the detdion of the

0.03
0.025 +
0.02
0.015
0.01
0.005

0 1 1 1 1

1900 2100 2300 2500 2700

Integrated absorbance

2900

Temperature (°C)

Fig. 6. Integrated absorbance values of standard solafien
CPE with various chemical modtieat various
atomization temperatur®) BaFk, (®) Pd(NQ),,
@) Mg(NOy),, (J) mixture.

graphite tube occurs and its frequent change isimed, For
the improvement of V signal, different modifiersgliOs),,
Pd(NG),, BaF, and mixtures of Pd(Ng), and Bak (1:1) were
tested. Figure 6 shows that the use of ,Baf the chemical
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modifier was more efficient than the other two niieds.
Probably, the positive effect on sensitivity is sad by the
formation of volatile compounds between V and flder[39].

dissolves in natural waters as*Vand \**. The V' is
gradually oxidized and could not exist in neutrab ebasic
natural waters. Consequently, the predominant ‘ianad

The maximum experimental atomization temperatare tspecies is V' in oxic environments [12]. In oxic waters the

obtain optimum sensitivity for all of the modifiestudied was
2800 °C. While with Baf the maximum intensity was

dominant vanadium species is°'Y while in reducing
environments, ¥ exists as vanadyl ion (V), a most stable

obtained at 2600 °C, a plateau phase (increasiry tloxo cation, and its various hydrolysis products>” \&

temperature did not improve absorbance values)attamed
at up to 2800 °C. The 3000 °C was the highestnaibde
temperature in the used furnace.

practically the only existing form of V at pH > g40]. As the
pH of all the water samples under study were > abl@ 3);
therefore, V is found in the form of*/ It is reported that in

Integrated absorbance values enhanced 5-10%, @henareas where V is abundant due to the local hydioggp
mixture of Pd(N@), and Bak with standards and samples discrimination of VV*and \?* in the water used for human

was injected into the furnace. Research indicated the
ashing step (1500-1600 °C) was not influenced Baanitly
by the modifiers under study, but the signal intignslearly
increased in the atomic curve and the atomizatomperature
was selected at 2800 °C. Thus, for the subsequerk &
mixture of two modifies was used.

Applications

It is very important and vital to determine traseounts of
V in water samples. The proposed methods (CPE &) S
were applied for the analysis of V in surface wélake, river,
tap water) and twenty different bottled mineral evadamples.
The standard additions were compared in both msthind
order to find out the most suitable calibratiorattgy for the
quantification of V in real and bottled mineral wasamples.
Each sample was checked out for three times.

Three point calibration curves for standard addi{0, 2, 5
and 10ug I') of V showed excellent linearity’® 0.998 and

consumption is important in terms of risk assessnlele to
the different toxicological properties of the twaidation
states. In such areas the V intake from water eaone order
of magnitude higher than that from food, the latibeing
estimated as 10-20 pg dajé1]. However, too much intake of
V may be harmful to humans. There are cases ofisoping
the symptoms of which are nervous depression, daggh
vomiting, diarrhoea, anaemia and so on [42]. Coneetly, it

is of great importance and crucial for the envireminscience
and life science to determine trace V in water dampThe
results obtained from tap water samples were indgoo
agreement with those reported by Sabbioni [43] Bednejo-
Barrera [17]. The reported mean values of V conegion in
drinking waters vary between 5.00 and 6.63 figvhile our
values for river, lake and tap water samples wetmd to be
higher than those reported earlier [42]. It wasepbsd that the
concentration of V in tap, river and bottled midevater was
lower than 10 pg™, while in lake water samples higher

0.9995 for CPE and SPE, respectively, which pravideamount of V was found. This can be attributed sréduction

adequate sensitivity and accuracy for both methddwe
concentration of V in bottled mineral water sampileas
determined by both SPE and CPE, and was found to the

in precipitation, surface wastage runoff with raater into the
lake.

All this provides evidence that anthropogenic and

range of 0.65-2.75 pgl(Table 2). Nowadays a wide variety geological environment play a key role in the disttion of V

of branded as well as non-branded bottled watavaslable in
Pakistan. This wide selection reflects diverse oomer
demand for safe and good quality of water fallinghim
WHO recommendation.

The concentrations of V in tap, river and lake evat
samples were found to be in the range of 1.05-828l-7.52,

in the lake whose water we examined. In terms ofSamer
safety, the concentration of V in tap and bottldderal water
was not high but precautionary measures are nedtetinal
conclusion can be drawn however, since neither Widthe
European Union have set a maximum limit for V im#&ing
and/or mineral water, or a tolerable upper level doal V

and 15.8-25.2 pg'l respectively (Table 3). Vanadium intake for that matter.
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Table Retermination of V in Bottled Mineral Water Samplgg %)

Samples CPE SPE

BMW-1 0.65+0.01 0.64 +0.03
BMW-2 0.67 £0.06 0.63 +0.07
BMW-3 0.75+0.02 0.72+0.03
BMW-4 0.80 £0.17 0.77 £0.14
BMW-5 0.85+0.06 0.81 +0.05
BMW-6 0.91+0.14 0.89 £0.15
BMW-7 0.94 £0.09 0.92 +0.08
BMW-8 1.0+0.12 0.96 +0.15
BMW-9 1.02+0.16 0.99+0.19
BMW-10 1.05+£0.05 0.98 £ 0.08
BMW-11 1.10 £ 0.09 1.07 £0.10
BMW-12 1.20+£0.13 1.17+0.14
BMW-13 1.21 £0.08 1.19£0.09
BMW-14 1.22+0.15 1.21+0.14
BMW-15 1.25+£0.09 1.23+£0.10
BMW-16 1.27+0.15 1.22+0.17
BMW-17 1.40+£0.10 1.39+0.12
BMW-18 1.64+£0.10 1.60+0.11
BMW-19 2.2+0.20 2.19+0.22
BMW-20 2.75+0.08 2.71+£0.09

Table 3Ranges of pH and V Concentration in the Surfaceluinking Water Samples of District
Jamshoro, Sindakistan

WHO Tap water River water Lake water
Parameter  Unit Values n=120 n=30 n=30
mean * Std. mean * Std. Range/mean * Std.
pH 6.5-8.5 7.27 7.2 7.4
\Y pg It 100 3.21+1.20 5.4 +1.26 19.9 +3.24

CONCLUSIONS (Triton X-114) was investigated. The extraction qgestage
was influenced by pH, 8-quinolinol and Triton X-114
The SPE and CPE of V in different water sampléagus concentrations. The results of this work clearlypwhthe

the same complexing reagent (8-quinolinol) anduafactant  utility and validity of both proposed methodalthough the
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SPE and CPE afford powerful tools for the selective

determination of V at trace levels, because thégwalan
additional 10-50-fold preconcentration of V, regjpedy. The
cloud point extraction is more easy, safe, rapiad a
inexpensive methodology for the enrichment of trqoantity

[11]
[12]

[13]

of V in aqueous phase as compared to the solid epha$l4]

extraction method. The combined matrix modifier s
the signal intensity. Therefore, the CPE methodviples a
rapid alternative to the SPE. The proposed methuaasbe
applied to the determination of trace levels ofr\Vvarious
water samples. The lake water samples contain highels
of V than river water samples.
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