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Abstract

A new simple sensitive and selective spectrophotometric method has been
developed for the analysis of vanadium(V) in three randomly chosen samples from
river water at different locations by continuous flow injection analysis. The method
based on the oxidation of pyrogallol by vanadium(V) in acidic solution to form color
species and the same species was determined using homemade Ayah 6SX1-T-2D
solar cell analyser . Chemical and physical parameters were investigated using the
high intensity of snow white light emitted diode as a source. The linear dynamic
range for the instrument response versus vanadium(V) concentration was 1-200
mg.L™ with correlation coefficient r = 0.9920. The limit of detection (S/N=3) was 70
ng/ sample from the step wise dilution for the minimum concentration in the linear
dynamic range of the calibration graph with RSD % of lower than 1% at 90 mg.L™
(n=5) concentration of vanadium(V). The method was applied successfully for the
determination of vanadium (V) in three river samples. A comparison was made
between: both of the proposed methods and classical method (UV-Vis
spectrophotometry at wave length 427 nm) using the standard additions method via
the use of paired t-test. It was noticed that there was no significant difference
between two methods at 95 % confidence level.
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Introduction

Vanadium is a highly distributed in the Earth’s crust but it is never found unbound in nature.
Vanadium occurs in about 65 different minerals and in carbon-containing deposits such as crude oil,
coal, oil shale, and tar sands. Watering is an important way in which vanadium is redistributed
throughout the environment because venedates are generally very soluble. Vanadium is present in
natural water in concentrations ranging between 1 x 107 and 5 x 107 mol L™ [1,2].Vanadium is
important, particularly from a biological and industrial point of view. It is a metallic element that
occurs in six oxidation states in numerous inorganic compounds. It is used primarily as an alloying
agent in steels and non-ferrous alloys. Vanadium compounds are also used as catalysts and in
chemical, ceramic or specialty applications. Also, in-vitro studies have shown that vanadium is
essential for cell growth at pg dm™ levels, but can be toxic at higher concentrations. The toxicity of
vanadium depends on its physico-chemical state; particularly on its valance state and solubility [3,4].
In body, vanadium can undergo changes in oxidation state (V (V) and V (IV) forms) and it can also
bind with blood protein. V (IV) is less toxic than V (V) in environmental systems and can be produced
by various industrial redox processes. It was observed that V (IV) in aqueous solutions forms
complexes, most easily with reagents containing oxygen or sulfur donor ligands[5-7] literature survey
reveals that various analytical methods have been reported for determination of vanadium which
include emission spectroscopy [8], neutron activation analysis[9,10] inductively coupled plasma
atomic emission spectrometry (ICP-AES)[11-13]spectrophotometry[14-16] amberlite XAD
resin[17]silica  gel[18,19] capillary  electrophorsis (CE)[20] ion  chromatography[21].
Chemiluminescence[22,23].
This work describes a flow injection spectrophotometric method for determination of vanadium (V)
with the aid of Ayah 6SX1-T-2D Solar-CFl analyser in river waters. The method is based upon the
oxidation of pyrogallol by vanadium(V) in acidic medium to forms a red-yellowish color species
which measured at A= 427 nm . The procedure is simple, rapid and is proposed for the control
analysis of the vanadium (V) in river waters as an alternative analytical procedure.
Experimental
Reagents and chemicals

All chemicals were used of analytical-reagent grade while distilled water was used to prepare the
solutions. A standard solution (1000 mg.L™")of sodium metavanadate NaVO; (121.94 g.mol
! BDH)was prepared by dissolving 0.5984 g in 250 mL of 5 % nitric acid .A stock solution (1 mol.L™)
of pyrogallol C¢HsO; (126.11 g.mol™BDH) was prepared by dissolving 31.5275 g in 250 mL of
distilled water. A 1M of sulfuric acid solution(96%, 1.84 g.mL™, BDH) was prepared by pipetting 14
mL of concentrated sulfuric acid and dilute to 250 mLvolumetric flask. A 1 M of hydrochloric acid
solution(35%, 1.19 g.mL™, BDH) were prepared by pipetting 21 mL of concentrated hydrochloric acid
and completed the volume with distilled water in 250 mL. A 1 M of nitric acid solution(70%, 1.42
g.mL™, BDH) was prepared by pipetting 16 mL of concentrated nitric acid and completed the volume
with distilled water in to 250 mL. Each acid was standardized aganist standard solution of 1 M of
Na,COs;. A standard solution ( 1 mol.L™) of sodium carbonate Na,CO; (106 g.mol™,BDH) was
prepared by dissolving 26.5 g in 250 mL of distilled water.
Sample preparation

500mL of three randomly selected of geographical locations ( Baghdad university , Rathwaniaya
and Dura regions), were concentrated by heating followed by filteration to remove any undissolved
residue affecting to the response. The volumes were completed to 250 mL. 5 mL of each sample was
transferred to 25 mL - volumetric flask and prepared a series of solutions for standard additions curve.
Apparatus
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Peristaltic pump — 2 channels (France) an Miniplus 2 type GILSON and rotary 6-port medium
pressure injection valve (Teflon),(IDEX corporation, USA) used for injection of sample. The response
was measured by a homemade Ayah 6SX1-T-2D Solar-CFI analyser which uses six snow white LED
for irradiation of the flow cell at 2 mm path length. Two solar cell used as a detector for collecting
signals via sample travel for 60 mm length. The readout of the system composed of x-t potentiometric
recorder (Kompenso Graph C-1032) Siemens (Germany) or digital AVO-meter (auto range) 200
mV,(2-100 volt) (China). UV-Vis spectrophotometer digital double beam type UV-1800, shimadzu,
Japan were also used to scan the spectrum of colored species using 1cm quartize cell. The flow
diagram for the determination of vanadium(V) is shown in figure 1

Ayah 65X1-T-2D Solar
analyzer

Vanadium (V) ion

|

= r
Distilled water == L|D
'Z::': Injection valve
: Y-junct
— -junction
pyrogallol == '
=t point
Peristaltic pump L

Waste

Figurel.-Flow diagram manifold system used for the determination of vanadium (V) ion

Methodology

The whole reaction manifold system for the determination of vanadium(V) ion as shown in figure-1
via directly oxidation of pyrogallol by vanadium(V) in acidic solution to form red-yellowish color
species. The system is composed from two lines: the first line supplied with distilled water at 1.8
mL.min™ which leads to the injection valve for carrying vanadium(V) sample with 140 pL sample
volume , while the second line supplied pyrogallol solution (1 mmol.L™?) at 1.8 mL.min™. Both of lines
meet at junction (Y-Junction) with an outlet from which the reactants product of red-yellowish color
species passes through Ayah 6SX1-T-2D-CFIA analyse works with a six snow white light emitting
diode will be used as a source. Each solution injected was assayed in triplicate. The response of which
was recorded on Xx-t potentiometric recorder to measurement the absorbance for color species. A
proposed mechanism of oxidation pyrogallol by vanadium (V) ion in acidic medium[23] is presented
in figure 2

OH o © ° + V+5 + V+4 + V+3
V™ in 5% HNO; i :/: i Residual Product
oH > i oM Yellow Bluish green

Red pyrogallol Geen color of the solution
Figure.2- Mechanism for the reaction between vanadium (V) 1on and pyrogalliol

OH
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Results and Discussion

Scanning of spectrum for pyrogallol- vanadium(V) — H;O" system

A study were carried out to obtained Ama fOr colored product (red-yellowish) via using the pyrogallol
(50 mmol.L™")-vanadium 10 mg.L™ (in 5 % HNO;) system. It can be seen that a maximum absorbance
of pyrogallol at 242 nm figure- 3-A while the maximum absorbance of vanadium (V)(yellow color) in
5 % HNO; at 364 nm figure-3-B. Pyrogallol mixed with vanadium(V) as oxidation agent, an intense
(red-yellowish) colour product was formed immediately, the product shows a maximum absorption at
427nm against reagent blank (pyrogallol,5% HNO3) as shown in figure-3-.C.
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Figure 3-Absorbance spectra for : (A) pyrogallol , (B) vanadium , (C) pyrogallol-vanadium (V)- H;O" system

Study of the optimum parameters

The flow injection manifold system as shown in figure-1 was investigated in the relation of
chemical and physical variables, in order to obtained optimum conditions for the system. They were
optimized by making all variables constant and varing one each at time.

Chemical variables
Effect of pyrogallol Concentration

Using the preliminary experiment parameters of vanadium (V) 200 mg.L™, flow rate (1.6 mL.min™)
and 140 pl sample volume. A study was conducted to optimize the preferred concentration of
pyrogallol in the range (0.5-50) mmol.L™. Table-1 summarizes the data obtained showing the average
of the three successive readings, relative standard deviation and confidence interval of the average
responses at 95% confidence (o = 0.05). From the results obtained, it was noticed that the optimum
pyrogallol concentration was 1 mmol.L™. Figure-4-A,B shows the plot of the results and responsing
profile which was obtained from Ayah 6SX1-T-2D —CFI solar analyser. It was noticed an increasing
of response to the height of colored species with increasing pyrogallol concentration up to 1 mmol.L™,
while at higher concentration (more than 1 mmol.L™) lead to a decrease in response height, this may
be due to increase of the density of the colored product which work as an internal filter that really
prevent the remaining light intensity after absorption process by the colored species from passes to the
solar cell detector. In addition, at high concentration mostly attributed to the formation of small
colored colloidal precipitate that might be formed in front of the detector causing a distortion of the
peak maximum
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Table.1-Effect of pyrogallol concentration on the measurement of transducer energy response of vanadium (V)

Confidence interval at (95%) Transducer energy response expressed as average | [Pyrogallol]
§ *t0.05/2.0-1 On-a/ \/ﬁ RSD% peak heights(n=3) y; in (mV) mmol.L™?
242+4.975 0.826 242 0.5
354+4.975 0.565 354 1
297.33t£5.744 0.777 297.33 9
200.8+1.316 0.264 200.6 30
170+3.799 0.897 170 50

Time (min)

|
N -\
300 1 /
250
u

200

150
1009

Average peak heights (mV)

(A) [Pyrogallol ] mmol.L™* (B)

Figure 4-.Effect of the pyrogallol (A)Transducer energy response expressed as average peak heights (B)
Response profile

Effect of acidic media

The effect of different media on the sensitivity, in general, was studied in different acidic media
(HCI,H,S0, and HNO;,) at 50 mmol.L™ in addition to the aqueous medium as a carrier stream.Using
the optimum concentration of pyrogallol achieved in previous section, flow rate 1.6 mL.min™ with 140
ul sample volume.Table.2 summarizes the obtained results, while figure-5-A,B shows the plot of the
results and response profile which was obtained from Ayah 6SX1-T-2D —CFI solar analyser. It can be
seen that the distilled water as the best medium due to that the most suitable for completely the
oxidation of pyrogallol by vanadium (V). while the acids such as (HNO3 and HCI) cause to decrease
of output transducer energy response; mostly attributed to dissociation the color species and H2SO4
due to the precipitated a vanadium ion as form of vanadium sulphate.

Table 2- Effect of acidic media as a carrier stream on the transducer energy response for determination
vanadium(V)

Transducer energy response expressed Confidence interval at (95%)
Type of acid as average peak heights (n=3) §; in | RSD% _ \/—
(mV) ¥i 0051201 Gt/ VN
H,O 387.27 0.209 387.27+£2.010
HCI 384 0.138 384+1.316
HNO; 369 0.271 369+2.487
H,SO, 3124 0.128 312.440.995
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Physical variables
flow rate Effect of

A set of experiments were conducted for the optimization of the preferred flow rate (0.8-2 mL.min™)
using the optimum concentration of pyrogallol (1 mmol.L™), 200 mg.L™ of vanadium ion and 140 pl
sample volume. Table-3 summarizes the obtained results including average of three successive
readings, the arrival time of sample segment to the flow measuring cell (sec) and base width of
response Atg (sec). it was noticed that at low flow rate, there were an increase in peak base width Atg
as shown in figure-6-A,B. This might be due to the decrease of affect the physical variables (i.e
dispersion and dilution on the sample segment) at the same time leading to obtain an irregular
response. While at higher flow rate > 1.8 there were a decrease in the response in spite of obtaining
sharp maxima as shown in figure-6-B.This might be due to the incompletion of oxidation reaction or
unavailability of enough time for the response measurement before it is departure of the color segment
from the measuring cell at a short time. Therefore, a flow rate of 1.8mL.min™ was chosen as optimum
throughout this work.

Table.3- Effect of the variation of flow rate on the transducer energy response.

Flow _ r_?te [Transducer energy response e_xpressed S bspos Confidence interval at (95%) Base width

mL.min average peak heights (n=3) y; in(mV) ¥i +to052,01 on_l/\/ﬁ Atg (sec) Sec)
0.8 330 0.606 | 330+4.975 126 33
1 343.6 0.116 | 343.6£0.995 114 30
1.2 357.33 0.646 | 357.33+5.74 102 21
14 377 0.265 | 377+2.487 84 18
1.6 386.33 0.539 | 386.33+5.177 81 17.4
1.8 450 0.588 | 450+6.581 72 12.6
2 388.13 0.465 | 388.13+4.486 70.8 12

t - Departure time for sample segment from injection valve to the measuring cell
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Figure 6- Effect of the variation of flow rate on the transducer energy response expressed as peak heights in
mV , Base width and Arrival time to the measuring cell. B- Response profile

Effect of sample volume

Using the optimum parameters of flow rate(1.8ml.min™?) and pyrogallol 1mmol.L" for the
determination of vanadium (V). Variable sample volumes (26, 45, 100,,140 and 200 pl) were injected
through injection valve using open valve mode. Table.4 tabulates the average response of three
successive measurements, the arrival time of sample segment to the flow measuring cell (sec) and base
width of response Atg (sec). The relative standard deviation and the confidence interval of the average
response at 95% confidence level. It was noticed that any increase in the sample volume up to 140pl
led to an increase in the height of responses as shown in figure-7-A. While figure-7-B shows a kind of
response profile of variables sample volumes showing that above 140 pl sample volume there is an
increase in the response base width Atg(min) (i.e. increase analysis time). This might be attributed to
the long duration of reacting sample segment (i.e. colored species ) in front of a detector, At the same
time restriction of color segment to passes through out the flow measuring cell. Therefore, 140ul was
found to be the most suitable sample volume for this work.

Table.4- Effect of the variation of sample volume on the transducer energy response for determination
vanadium (V) 200 mg.L, pyrogallol 1 mmol.L™, flow rate 1.8 mL.min™

Confidence interval at Transducer energy
. Base (95%) response expressed as | Sample
t width Atg | _ \/— RSD% Kk heigh |
(se0) i o051 Gna/ VN average peak heights | volume
(n=3) 3 in (mV) ul
12 66 322+4.975 0.621 322 26
13.2 72 376x2.487 0.266 376 45
15 78 400.67£7.599 0.762 400.67 100
18 80 455+2.487 0.2197 | 455 140
18 99 465.67+£5.177 0.456 465.67 200

t" = Departure time for sample segment from injection valve to the measuring cell

1727



Al-Awadie & Yassin Iragi Journal of Science, 2014, Vol 55, N0.4B, pp: 1721-1735

— T s .
,S 480 4 + . 100 \\\/\\ - Ti ;me Smlrz) .
. & 2 5
= 480 o \)(Q 200l <---=
~ 4404 k90 Q
8 a0 &
= 3 £ @Q
D) 400 - L o o %‘b
— <
2L 0+ _/. =
75 o Bple---=
X 360 u =
[ L = "
D 340 o o 26pl +---
= v Fes =
@© 320 i K
2 a0 —u— Average transducer energy response - 60 a
5 > -u-Base width P
> 100 s £
< ,

T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220

A) (B)

Sample volume(pl)

Figure 7- Effect of the variation of sample volume on the A- Transducer energy response expressed as peak
heights in (mV) B- Response profile average rate

Effect of Purge time

Using the optimum parameters achieved in pervious section. A study was carrier out to establish
the optimum allowed permissible time for the sample segment to be injected from the injection valve
3,7,9,11 and 15 sec were used for this study in addition to allowed the injection valve in the open
mode.Figure-8-A,B. shows the continuation of the increase the height of response with increase of
injection time up to 9 sec, the reafter there was no significant differences in height response. A
decrease in response when using less than 9 sec was might be attributed to the incomplete purge time
of sample segment from sample loop in the injection valve. Above 9 sec, a decrease was attributed to
the resistance of flow due to the passage through the injection valve. Therefore,9 seconds as a purge
time was chosen as optimum to the completely purge of the sample from sample loop for the next
studies. The obtained results were tabulated in table-5.

Table.5- Effect of the variation of purge time on the transducer energy response

460
440
420
400

360
340
320
300
280
2604
100]

0 T T T

Average peak heights (mV)

3804 [ ]

19 sec

AN

0 2 4 6

T T T T T T
8 10 12 14 16 18 open valve

Purge time (sec)

(A)

Confidence interval at Transducer energy  expressed as | Purge time

(95%) RSD% average peak heights (n=3) ; Sec

¥i *to.05/2,0-1 On-a/ \/ﬁ in (mV)

285.33+3.799 0.535 285.33 3

6.581+£397 0.698 379 7

4.975%450 0.444 450 9

388.67+5.744 0.594 388.67 11

385.67+5.178 0.539 385.67 15

385+2.487 0.259 385 Open valve
Time (min)

Openvalve «-.0 1 2 3 4

(B)

Figure8- Effect of the variation of purge time on A- Transducer energy response expressed as average peak
heights in (mV) 1.8 mL.min™,140 pl B- Response profil
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Effect of reaction coil

The reaction coil length has a large role in the homogenization and completion of chemical reaction.
The effect of reaction coil length on response profile was studied. Variable coil length 0 — 100 cm was
used as this range of length comprises a volume of 0 — 0.785 mL which connected after Y- junction
directly in flow system figure-1, optimum concentration of pyrogallol 1 mmol.L™, flow rate 1.8
mL.min* and 140 pl sample volume table-6 shows all the obtained results of coil length effect on
energy transducer energy response, peak base width (At,), and vanadium concentration after dilution,
as shown in column 9. It can be seen that an decrease in peak height with increase coil length, increase
of the Aty, and arrival time of injected sample from injection valve to the measuring flow cell, which
might probably attributed to the increase effect of dilution and dispersion on colored segment and
continuous longer time duration of colored species in front of detector. Figure-9-A,B shows the effect
of coil length on transducer energy response and response profile. All these previous study indicated
that no delay reaction coil is necessary for the completion of reaction

Table.6- variation of coil length on transducer energy response

transducer
Volume | energy Confidence interval .
Coil (mL) response RSD of the average ¢ My |y, )[}/anad ium(Vv
length | r’zh, expressed  as response (Sec | ,2ud 1
" % _ (sec) (mL) | mg.L
(cm) |r =0.5| Average peak Vi tto.05i2, n-1 O /1 ) I
. _ after dilution
mm heights n=3, ¥;
(mV)
0 0 451 0.222 | 451 + 2.487 12 78 0.86 | 32.56
30 0.235 336 0.687 | 336 +5.744 18 84 1.22 | 22.95
60 0.471 292 0.593 | 292 +4.308 21 87 1.4 20
100 0.785 262 0.769 | 262 +4.975 30 90 194 | 14.43

t - Departure time for sample segment from injection valve to the measuring cell

Time (min)
. . : i : 32
w04} g M
440 r® g
> 420 % &
é 400 4 g
Loa =
2 380 &
D 3601 > 5
[ ' >
= 340 4 © Z
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© 280 \
La O
g 260 4 ' -
g 240 " .
10
< 220 —m-Transducer energy response
100 -~ Base width S
0 T T T ' y ’
00 02 04 08 o (A) o

coil volume (mL)

Figure9-Effect of the coil length on the A- Transducer energy response and base width B- Response profile

Intensity of light

Variable intensity of light source was used (0.98-2.16) volt by changing of light intensity channel in
Ayah 6SX1-T-2D-solar cell CFl analyser operation where read by AVO-meter. The optimum
condition were used 1 mmol.L™ of pyrogallol concentration, 200 mg.L™ of vanadium ion, flow rate 1.8
mL.min™ and 140 pul sample volume. The obtained results tabulated in table-7 which shows that an
increase in the peak height with increase light intensity. Therefore 2.16 volt was chosen as optimum
voltage that can be supplied to give a better reproducible outcome as shown in figure-10-A,B.
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Table 7: Effect of intensity of light on the transducer energy response

. . Confidence interval at
{?:j{wsny of light :)’;:Esﬁ;;irt :n(enrgyg/)efp:;e?rsﬁs )as average | popyo, | (95%)
v Vi £t0.052,n-1 Gn-ll\/ﬁ

0.98 115.53 0.360 115.53+1.035
1.4 200.93 0.501 200.93+2.504
1.67 255.87 0.705 255.87+4.486
1.92 450.67 0.462 450.67+5.177
2.16 500 0.400 500+4.975

o0 2.16 (Volt) §

5004 /' Time (min)

400
350

300

250 /' 7
200 - -
150 4 /
L}
100 ‘
50 T
0 T T T T T T T T T T
00 02 08 10 12 14 16 18 20 22

Intensity of light (Volt)

Figure 10-Effect of the varation of light intensity on the A- transducer energy response expressed as peak
heights in (mV) B- Response profile

Calibration curve

Under the optimum condition achieved, a series of solutions for vanadium ion (1-500 mg.L™) were
prepared and each measurement was repeated three times. Transducer energy response of the average
peak heights (mV) was plotted against the concentration of vanadium ion. A straight-line graph from
1-200 mg.L™ of vanadium ion was obtained as shown in figure-11. Above 200 mg.L™ the value for
correlation coefficient will decrease and deviate from linearity most probably due to the high intensity
of the colored species in front of the detector in addition to the effect of inner filter of colored species;
which might probably lead's to minimize the transmitted light. The results were tabulated in table-8

¥ (mv)= 40.39+18.13+2.40+0.20
[V(v)] mg.L™

<)
>
S
N
[22]
8
=
=
@
<
x
<
@
o
©
=)
@
S
S
<

50 100 150
[Vanadium (V) ion] mg.L™

Figure.11- Calibration graph for the variation of vanadium (V) concentration on the transducer energy response
by linear equation using Ayah 6SX1-T-2D Solar- CFI analyse
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Table 8- Summary of linear regression[24,25] for the variation of energy transducer response with vanadium (V)
concentration using first degree equation of the from Y = a+bx at optimum conditions.

Calculated R R
t-value tap at | r’% ¥ mv)=azs,t+bsyt[vanadium(V)] mg.L™ Range of | Measured
[ 95 o At confidence interval [vanadium(V) | vanadium(V

M—, 95%, n-2 ]mg.L? )
V1-r2 n-2 n=13 mg.L™?
2.201<<26.066 0.992 fo.39¢18.13+2.404_r0.20[vanadium(V)] mg.L™ | 1-200 1-500

0

98.41

Limit of detection

Limit of detection for vanadium ion was calculated through three method: gradual dilution of lowest
concentration in the calibration graph, or detection based on the numerical value of slope and from the
linear regression plot. Table 9 tabulated all these calculation value of detection limit for 140 pL
sample volume.

Table 9- limit of detection for vanadium(V) at optimum parameters depend on the different approach

Practically Based on the gradual | TheoreticalBased on the value | Theoretical based on the linear
dilution for the minimum | of slope x=3sg/slope equation Y=Yg+3sg
concentration

70 ng/sample 1.75 ng/sample 3.49 ug/sample

X=value of L.O.D based on slope, Sg=standard deviation of blank repeated for 13 times, Yg=Average
response for blank= intercept, L.O.D=limit of detection, Y= estemited value

Repeatability

The repeatability of measurement and the efficiency of homemade Ayah 6SX1-T-2D solar analyser
were studied at fixed concentration of vanadium ion, mainly one concentration was used 90 mg.L™" ,at
optimum parameters. The repeated measurements for five successive injections were measured and
obtained results were tabulated in table-10 which shows that the percentage relative standard deviation
was less than 1%, while figure-12 shows the response-time profile for the used concentrations.

Table 10- repeatability of energy transducer response for vanadium(V) at optimum parameters.

[vanadium Average response S 4t / \/_ NumberOf

! 1 ~ ¥ 052,01 Ona/ VI L

on] mg.L yi(mv) RSD % At confidence interval Injection
95%

90 267.2 0.811 268.8+2.692 5

to.osi2n1= (2.776)

Time (min)

I 80 mV 90 mg.L!

Figure 12- Response-time of five successive repeatable measurements of vanadium (V) concentration
(90 mg.L™"), 140 uL
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Calibration graph of Classical method
Calibration graph of classical method[26] was made to the determination of vandium(V) from 1-30

mg.L™? after fixing the optimum parameters. Table.11 tablulates all the obtained data for the classical
method, while table .12 shows the comparsion of both methods . The results indicated that the
proposed method was more sensitive than the classical method.

Table 11-summary of calibration graph results for the determination of vanadium(V) ion by vanadium (V)-
yrogallol-H;O" system at 427 nm and limit of detection[26]

Limit of detection Calculated |t at | r Equation of calibration  curve at | Linear
mg.L* t-value 954, | r’% 95%,n-2 dynamic
_ n-2 Y=azxs,t+h+s,t[vanadium(V)] range
/r/\/n—Z_ vanadium(V)
® vl-r2 mg.L™?
S| g |2
) [
ERICERE
s f §
< > o
06 |567 |05 2.015<<13.97 0.9874 | 0.051+0.123+0.049+0.0068[vanadium | 1-30
1 97.50 | (V)]
%

Table 12- Summary of result compared between Classical method and present method

Ayah 6SX1-T-2D solar | Classical method Analytical parameter
analyzer FIA

98.41 97.50 r’%:linearity percentage
1-200 mg.L™ 1-30 mg.L™? Linear dynamic range
2.40 0.049 Sensitivity (b)

40.39 0.051 Intercept (a)

70 ng/sample 0.5ug.mL™ Limit detection practically
40 1 5mL Sample volume

<1% 1.2% Repeatability (n=5)RSD%

Determination of vanadium(V) ion in water samples
Two methods were used to the determination vanadium(V) ion in a random river samples from

Baghdad suberb. The first method was an Ayah 6SX1-T-2D Solar CFI analyser while the second
method was used the classical spectrophotometric method via the measurement of Apax (427 Nm) . A
series of solutions were prepared of each sample by transferring 5 mL to each of the five volumetric
flask (25 ml), followed by the addition of 0,2.5,3.75,5,6.25 mL from 200 mg.L™ standard solution of
vanadium(V) ion in order to have the concentration range from (0-50) mg.L™. Flask no.1 is the sample
volume. Table-13 shows the summary of standard additions method results from the three samples
with the amount of vanadium (V) in water samples. Table-14 shows a paired t-test which compared
the methods used for analysis from differently compares populated samples at 95% confidence
interval. It can be noticed from the column no.9 in table.14 that the calculated t,.. is less than the
critical tyaye ( tabulated t-value at df=2 which equal at 4.303). Therefore, it can be regarded that there
is no significant difference in using the two methods i.e: the newly developed instrument can be used
as an alternative of the commercially available instrument.
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Table 13- Results for the determination of vanadium (V) in real sample by two methods using standard addition

Calculated | ty, at | Vanadium r Equation of standard addition curve
t-value 95,4, |mg.L™? r’% at 95%,n-2
rn—2 |n2 In 25 ml Yi=as,t+bxst[X]
- In 250 ml
Vi-r2 In 500ml =
AYAH 65SX1-2D Solar CFIA 1l
(classical method Absorbance measurement) o S
3| B
> c
1o
3.182<<10.029 5.49 0.9854 20.32+38.607 + 3.70+1.1748 [X] o
27.45 97.10 %
13.73
3.182<<29.985 5.53 0.9978 0.05+0.011 + 0.01+0.001 [X] >0 |1
27.67 99.56% 23
13.84 S <
C ©
om
3.182<<12.759 6.54 0.9909 23.19+29.041+3.54+0.884 [X] 2
32.25 98.19%
16.125
3.182<<10.414 0.9821 0.032+0.0167 + 0.005£0.0015 [X] | .=
6.47 96.44% S
32.35 &
16.18 P
3.182<<10.723 6.02 0.9872 20.59+33.37+ 3.42+1.015 [X] 3
30.1 97.46%
15.05
3.182<<12.475 0.9874 0.04+0.020 + 0.01+0.0018 [X]
591 97.49% g
29.55 =
14.78 P

Y = estimated value for energy transducer response (mV) or absorbance, [X]: [vanadium (V)] mg.L™,
r= correlation coefficient, r* % = linearity percentage

Table.14- Paired t-test for Ayah 6SX1-T-2D solar analyser with classical method using standard addition
method for determination of vanadium (V) in river samples

Xd — Y ttab
Concentration of vanadium mg.L™* ear= ?d Vn son at
® at 95 % 95%
g |[500mL |250mL | After drow 5 mL and
3 dilution to 25 mL
S FIA Classical = | .
= method X | g 1.044<<4.303
1 13.73 27.45 5.49 5.53 -0.04
2 16.13 32.25 6.54 6.47 0.07 i x
3 |15.05 30.1 6.02 5.91 0.11 ==
Conclusion

In this research article, it was clear that a new method of analysis with a new mode of
instrumentation that is capable for determination of vanadium (V) ion in water samples successfully at
30 samples through put per hour. The standard additions method was used to avoid matrix effects.
Also, this method can be applied to nano determination of vanadium (V) ion with a high sensitivity
without needing for heating or extracting.
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