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1% vanadium agclugﬂ ternary complex A8 4-(2-pyridylazo)-resorcinol (PAR) L812 hydrogen peroxide INUUATIY
31n512H vanadium ternary complex HU C | column Tae 145201 on-line preconcentration AUMIANATS ion-interaction

k4
adlu  mobile phase YDUNAUA reversed-phase high performance liquid chromatography (RP-HPLC) Yusnau
M35 vanadium 15UAUIN loaded standard W3oaN1IHI0E (2mL) #All vanadium complex agiuu guard

column (C,_, 0.4x4.6 mm) (31’38 mobile phase ﬁﬁmf‘fﬂizﬂamﬂu 20 % v/v methanol, 5 mM acetic acid, 5 mM

18

citric acid, 10 mM tetrabutylammonium bromide (TBABr) f pH 7 (Eluent 1) flow rate L‘ld_lu 2 mL/4IA W 1.65 W
k4

@50 injection loop YU 2 mL 1Ay effluent gniivapanliUanszuy 91N vanadium complex gnwudh

analytical column (C ,, 150x3.9 mm, 4 Llm) Tag1¥ automatic switching valve uazld mobile phase fflesdilsznoy

18
L‘ﬁu 32 % v/v methanol, 5 mM acetic acid , 5 mM citric acid, 5 mM tetrabutylammonium bromide (TBABr) ‘ﬁ pH 7
$10 flow rate IMIFL | mLANRUIN 0.65 IR HEWINTH switching valve wenduIogludumtady nazesd
"lﬁéfmmaﬁﬁmgiuu guard column ﬂzgnﬁmaﬂﬁw methanol U1 5 WA mmfu guard column 329N re-equilibrated
#10 cluent | WU 5 WiRneTvziinIsBAnTIde Y vanadium complex 929NA3297AT 540 nm M detection limits
=

] ¥
(AINYN signal-to-noise ratio 1M1 3) Y99 vanadium (11U on-line preconcentration Uf1 6.9 ng/kg manARHILITY

H 4 k4
gmimlszgnaleiing 1w vanadium Tuemsdainldinesnile uag 1nly
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Abstract

The research presents the development of chromatographic conditions used for the separation and determination
of vanadium in animal feeds. The separation and determination of the vanadium(V) as ternary complex with
4- (2-pyridylazo) -resorcinol (PAR) and hydrogen peroxide have been investigated on a C,, column using an on-line
preconcentration ion-interaction-reversed-phase high performance liquid chromatography (RP-HPLC). The determination

started with loaded standard or sample (2 mL) on guard column (C,,, 0.4x4.6 mm) by using mobile phase comprising
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20 % v/v methanol, 5 mM acetic acid, 5 mM citric acid, 10 mM tetrabutylammonium bromide (TBABr) at pH 7
(Eluent 1). A flow rate of 2 mL/min for 1.65 min was used for 2 mL injection loop, with the effluent directed to waste.

The vanadium complex was flushed onto analytical column (C ,, 150x3.9 mm, 4 Llm) via an automatic switching valve,

18
using a mobile phase comprising 32 % v/v methanol, 5 mM acetic acid , 5 mM citric acid, 5 mM tetrabutylammonium
bromide (TBABr) at pH 7 with a flow rate of 1 mL/min for 0.65 min. Then the switching valve was returned to its
original position and unwanted species remaining on guard column were eluted with methanol for 5 min. The guard
column was re-equilibrated with eluent 1 for 5 min before the next injection. The vanadium complex was detected at

540 nm. The detection limits (determined by a signal-to-noise ratio of 3) of vanadium using on-line preconcentration

was 6.9 ng/kg. This developed technique was then applied to the analysis of vanadium in animal feeds used for raising

broiler and laying hen.

Keywords : vanadium, ion interaction, liquid chromatography
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Na18351%U Atomic absorption  spectrophotometry
(AAS) [6] Inductively coupled plasma atomic emission
spectrophotometry  (ICP-AES) [7] u@2 Inductively
coupled plasma-mass spectrophotometry (ICP-MS) [8]
G‘iﬂ%ﬂlaﬂﬂjm AAS fi® sensitivity G'ni”l (detection limit =2
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2.1 1A3eaile

gUnsaidmiudesasdand1e: Screw-top Savillex”
Teflon vials (Savillex, Minnesota, USA)

Lﬂéﬂﬁlﬂ absorption spectra U89 ternary complex
VD3 Vanadium: UV-VIS spectrometer , (Perkin Elmer
Lambda 35, US.A)

Lﬂ?ﬂﬂ HPLC d5uii sample clean-up UaY on-
line Preconcentration TWriaudeddu (31 1) Usznou
g pump 2 A2f0 Model 600E gradient pump lag
Model 510 pump Y8y Waters (Milford, MA, USA),
Rheodyne (Cotani, CA, USA) model 7125 stainless steel
injector (2 mL) , guard column i concentrator column
packed GSIJ’JEJ NovaPak C g silica gel, 817 4 mm (Waters),
:1%; UV-VIS Detector (Jasco, Tokyo, Japan) ﬁlﬂﬁ 540 nm,
NovaPak C, reversed-phase column (150x3.9 mm 1.D.,
particle size 4 |[im, Waters) r'flu analytical column £
vanadium complex 39N switched 910 sample clean-up
flow-path 9o automated Rheodyne six-port switching
valve (Waters) 151 flow-rate Y89 mobile phase H1U
guard column 1A 2 mL/min mtuz“?i flow-rate VD3

mobile phase #1% elute vanadium complex 310 guard



column Lélahti analytical column WY 1.0 mL/min

gl column AR IR 30°C
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Standard ammonium metavanadate (99.99%

NH,VO,, Aldrich, Milwaukee, WI, USA.) stock solution

1000 pg/mL NH,VO, gninsenlumsazats | M HNO,

'
Ay @

J dqva o . o
u1ﬂ1ﬂf!ﬂuu1 NIUNITNAaULLAY  deionised IUUNIT

Wldfwidy 18 MQ.  HPLC grade methanol 11

91N Merck (Darmstadt, Germany), 4-(2-pyridylazo)

resorcinol  (PAR) monosodium salt hydrate 91D

¥
Aldrich tazansaza1eved dye aouasouinlng q

nould  e15@191 WU citric acid (99.5%. Aldrich),
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tetrabutylammonium bromide (TBABr, Sigma, St. Louis,
MO. USA), ammonium hydroxide (Ajax Chemicals.
Sydney, Australia), acetic acid (BDH. Poole, UK).
hydrochloric acid (BDH), nitric acid (Ajax) and hydrogen
peroxide (30% w/v, BDH, Victoria, Australia) l‘ﬂu
analytical grade.
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Preconcentration and sample clean up mode

(switching valve)

detector

Analytical mode
waste

N

Analytical
column

I

Eluent 2 % recorder

waste

gﬂl LHUNIN diagram ¥4 sample clean-up LA on-line preconcentration RP-HPLC U direct-flushing
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mesh PHUFIHIHUN

FJOUMIU sieve VMR 50

Woglur190.2-0.3 ¢ gasaz 3 1 lagldarsaiedinly

Screw-top Savillex" Teflon vials fmsdosdlonsia

Taody HNO, 1w (3.0 mL) waz HCl wudu
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(1.0 mL) #88a15UU hotplate # 70°C s99uUWBINUA
¥
fourztadimyuzvazdesnisilad 2-3 A
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Woaannuadumelunsuziieasazawlailadesn



ez 2 mL nagldaZeusoniola
nsa HNO, eenlimderiosn vintuen vials asen
hotptate  waztdeeliin YSulSmasvesasiiiu
25 mL dreviuaznsen 0.45 LLm filter

2.3.2 Pre-column complex formation

#1531 standard solution AN Acetic acid
(250 mL. 0.1 M) 23111 beaker W1 25 mL A’
Uszanm 5 mL wazansazals PAR fuadoudulu
(075 mL. 5x10°M) MINuANAITAYa0 standard
NH,VO, uazlsy pH vesmsazaeliiiiy 6 dae
1592819 ammonia LAZIAL hydrogen peroxide (0.20
mL, 30% w/v) nniui e msazateiu 25 mL
T volumetric flask azsh i AsdaUsmnsdro

NS VAITA0619 ITAVTITATA1G0IHS
&3 4 mL asluensazai acetic acid 2.50 mL (0.1 M)
awdemsazats PAR Tundoudulniiiuing 150
mL (5x10°M).  USupH wesmsazamedlu 6 A2
®1302818 ammonia mnﬂﬂmﬁu 0.2 mL hydrogen
peroxide (30% wiv)  USuilSinasvessmsazaneilu

¥
. I3 A =Y b o
25 mL1u volumetric flask uaz¥inlinavasasde1i

a ¢ o oA v
NnsnPImmansuazmalilad U0 16 aUUN 2 WA, - @.0. 51

ATOINTAIDENIY 0.45 Wm filter AOUAAMITAYAY
] a . Yas
11 HPLC column ¥11/5312uu09 vanadium Tae143%
standard addition

2.3.3 On-line pre-concentration a2 sample
clean up

1% two-way switching valve ﬁluﬁamugu
on — line preconcentration Y84 vanadium nazfiaa1sn
Tideamsiegluaisazarveon’il waswinda standard
W?E)ﬁﬁﬁ’mﬁi‘lil%ﬁi HPLC, vanadium complex ¢
ImzAai guard column 1014 eluent 1 (M519 1) 2
a1 lums loaded complex 1.65 W A7 flow rate

: ¥
2 mLA#A 1e1% samples loops ¥R 2 mL INTiU
switching valve vilAoudumisld guard column o
agalild analytical column U@2 vanadium complex 9%
90 eluted 89NN guard column #1 eluent 2 (MIN D)
A9 flow rate WNAU | mLANT H&I9IN 0.65 wIf
. . Y ' ° Va9
switching valve %:ﬂu'lﬂagiumgmummuuax guard
Y9 o A

column ILYPNANAIY pure methanol UIU 6 UIMN WD
fdaashi lidesnsddineguu guard column oon’ly
101U guard column 92N re-equilibrated A1t eluent

v
1 WU 5 WANoUIZAAITAS 1Ml

s ~ aw
A1514 1 94AUTLNOUVO mobile phase AlF1un15378

Methanol [Acetic acid] [TBABI] [Citric acid]
Eluent Eluent pH
(%, v/v) (mM) (mM) (mM)
1 20 5 10 5 7
2 32 5 3 5 7

11



a d
3 HANEENIIINITUND
3.1 Preconcentration system Q% separation
parameters
¥

¢ . ~

99AU52NOUVUDI mobile  phase 1% load
vanadium complex UU guard column Ay
93471/32 N8 1 YD Imethanol Uay tetrabutylammonium
bromide (TBABI) ‘Wlijﬁﬂﬁ peak U8 vanadium
complex LHBBN 1N methanol UAN peak VZUHDDN
wagdr TBABr  Hawleniulaz limuisadald

. a o v
vanadium complex AABYNU guard column 18%931n

v
n15Any1 IAou)5AIN methanol, TBABr, buffer 1az
pH #U21 mobile phase nlsznoudis 20% /v)
methanol, 5 mM acetic acid, 5 mM citric acid, 10 mM
TBABr #1 pH 7 923509119 vanadium complex an
EJEJ“UH guard column T8z lW1d maximum peak
. . =2 A a 4"

height U84 vanadium complex 3udsnasnilsznoviliiu
optimum loading mobile phase.

9971132NBUVDA analytical mobile phase #
MUTAUAD 32% (v/v) methanol, 5 mM acetic acid,
5 mM citric acid 48¥ 3 mM tetrabutylammonium
bromide (TBABr) #i pH 7 84AU52N0UUDY mobile

ay o £y . .
phase flozir1¥msuen vanadium 990910 matrix 11
pwsdal IAkAA  LaTWLI1 Cu(l, Ni(ID), Cr(IID),

Mn(1l), Zna(ll), Fe(lll), Pu(ID), Ti(IV) uaez CddIDn

a g ooy L |
'ﬂiﬂ'ﬁ)ﬂU1ﬂ1ﬁﬂ5!!ﬁ$!‘nﬂi‘ujﬂﬂ ‘1]7] 16 AUUN 2 W.A. - d.A. 51

14 interfere  Jun511S U9 vanadium Lﬁﬂiﬁuﬂi%
N0 vanadium  complex gaMIBNNITUVVULI
n133nied Sedududesdnuiszozinaiveants
preconcentrate U84 standard, sample WD sample ﬁ
spiked G’]’wstandard Llﬂgﬁ]]ﬂﬂWi'ﬂﬂﬁﬂQW‘U’hﬂ15ﬁ1
U511 vanadium complex Tuomsdad Tauls
injection loops UH1A 2 mL nmm%‘lumi load ﬁﬁ‘ﬁ
L‘Hlﬂzfﬂlﬁﬂ 1.65 ‘Lﬂﬁ nmﬁmm:ﬂuﬁm%"v elute

vanadium complex 890310 guard column me%q
analytical column fi® 0.65 W17 (A1513 2) Tasgdayanin
312 Fuilu chromatogram 71&a1nmsdLmIdEI061
R guard column DU 1AYY

3.2 Analytical performance parameters

Detection limits (ﬁﬂ‘kﬂﬁ signal-to-noise ratio
WA 3) Y93 vanadium U411 on-line preconcentration
(injection loop UU1A 2 mL) iaumny 69 ng’kg
91NN159R9 standard vanadium (8 Hg/mL] ‘-‘f?‘l 5 ﬂ%ﬂ
WU percentage relative standard deviations (% RSD)
YO retention time LAY peak area ALY 0.18 % uay
0.46 %, MUAINY  external standard calibration curve
Théduassedinfonie 20 Pg/L ('=1.000) uae standard
addition calibration curves &5 U113 dAI IR IdUAT

79 (1°=0.9978-0.999).

A5192 AWML aud IS on-line preconcentration Ii¢ sample clean up Y84 vanadium complex
YU C,; guard column
Faguszaad snmsiida naimunzay (i) dmdy
fav complex L‘i’ﬁq' guard column Elute V complex 91 guard column Li’f]’ci
anal. column
preconcentration LLQ¢ sample 2mL 1.65 0.65

clean up
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0.004 AU

V complex

/

PAR

3

Time (min)

gﬂ 2 Chromatogram U914 (a) blank (0.15 mM PAR, 7.1 mM H202 u1a¢ 10 mM acetate buffer 11 pH6) 1az (b) 9IM3

o odq ¥ a T Y 3 . .
amﬂclﬂmam”ln”lmqm T4 1dwnmsidszun preconcentration 8¢ sample clean up U89 vanadium complex YU

C,, guard column, mobile phase fio eluent 1 G?ll’m flow rate 2 mL/ANH WU 1.60 119 mm’hﬂ eluent 2 %’JEJ flow rate 1

mL/ANA 145U elute complex 9111 guard column 191 detector WU .0.65 W1Fi injection loop: 2 mL, Qquﬁ 300C,

detection wavelength 1 540 nm.

3.3 Msmf3una vanadium luansdaess
A3 AI1EHMIUT YIS vanadium  Tu@I9819
o daiildided)nlvuazliifie Taois
preconcentration 149% sample clean up UM C; guard
column Tag 1% injection loop ¥R 2 mL wud1 YT
vanadium  udleuTuemisdaiqasare afianton

¥ ] 3
N3 Ug/g  AIAIIII 3 A8 vanadium Nluifeuly

13

szauian 39 hivazdananssnuaequaInves

AU 1nA 1AzZAI0E13 chromatogram ~ ¥8381M15 I 14

@

gas T1 uazd1 Tnauaaalugl 3 uazgl 4 mwdidy

dmsug1 518lu chromatogram veso s dniilfides
Ilﬂltéﬂ’qwi Mi mngﬂv%wnm:gﬁuh peak ¥4
vanadium complex 1oN®8NIIN peak a1 1ad uazdinms
spiked 44 standard vanadium Lﬁﬁ] confirm identity Y83

peak
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V(V)-PAR-H,0,

0.003AU

b
:‘ a
e I S

1 | L} ]

0 2 4 6 8 10

Time (min)

31/ 3 Chromatogram U84 vanadium Tu a1msﬁﬁiﬁm§ufgmllfi”lﬂ}qm TI (@) upzowsdasdmsndod )il
ans Tl ‘ﬁ spiked A 4 ng/mL vanadium (b) A15AI0HINATHUNINN 4 ml digested solution; [PAR]=0.30 mM;
[acetate]=10 mM. [H,0,]=0.71 mM 11ag pH 6. Mobile phase AMSUILVY clean up ﬁ guard column A9 eluent 1
(20% v/v metanol+5 mM acetic acid+10 mM tetrabutylammonium bromide +5 mM citric acid ﬁ pH 7) uag
analytical column fi8 eluent 2 (32% v/v metanol+5 mM acetic acid+3 mM tetrabutylammonium bromide +5 mM
citric acid ﬁ pH 7). Guard column: NovaPak C,; length 4 mm; injection loop: 2 mL; temperature 30 °c:

detection: 540 nm. Analytical column:NovaPak C18; 150 mmx3.9 mm i.d., particle size 4 HUm

0.0004AU V(V)-PAR-H,0,
b
a
M
Time (min)

= o P o oo
31 4 Chromatogram ¥4 vanadium lus 1 Ine#ildnanluonnsdad (@) nazdTwaldmnaluennsdain

spiked fw 4 ng/mL vanadium (b) %’eyaﬁuqmﬁau chromatogram °lu§,1J 3

14
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V(V)-PAR-H,0,
0.001AU
[\/ b
‘/F ISR . N
il s
0 2 4 6 8 10

Time (min)

o oo @ z:y v & ¥ oo @ y '
51 5 Chromatogram ¥84 vanadium 1u (a) evnsdaidmiudodliifiegas M1 (b) esdaidmimaesln

Lﬁaqﬂﬁ M1 # spiked A8 3.5 ng/mL vanadium, %’agaﬁuqmﬁau chromatogram Glu’;;il 3

= , o v o ) a ¢ a = v
TN 3 153194 vanadium 'VIWUGI,‘N@WWTSﬁﬂ]klﬁ%ﬂl]ﬁjWﬂIﬂUﬂWﬁMﬂi"l%iﬂ(g]"lﬂl'ﬂﬂuﬂ HPLC. %@Hﬁﬂuﬁﬂﬂqﬂﬂ'm]ﬂ

¥
ASNABDY 3 H1

91115 qATOINT Y3172t vanadium finuluemsdas, We/g
Inla Tl 1.08
T2 2.52
T3 2.86
T4 251
11 Tna - 0.11
TRiie MI 2.58
M2 2.04
M3 0.88
M4 0.53
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msnnEianuiiouves vanadiom Iueimts
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Al high performance liquid chromatography G'I?Qﬁ
tetrabutylammonium i1 ion interaction reagent Tu
mobile phase HAZABIZULLULY on-line preconcentration
TaofiTz 1 clean up TwSeufuvu guard column Wi
1#a1lumsiinsizddediatos 1inwanisnaass

" . 4 v o9
WU vanadium ﬂua‘f]auiummiﬁmuaﬂnm
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