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Abstract
A method was developed for rapid separation and determination of iron by employing capillary zone electrophoresis (CZE) technique with direct UV detection. Iron could be separated from matrix uranium by direct injection of dissolved sample solution into capillary using a mixture of 10 mM HCl and 65 mM KCl (pH
= 2) as background electrolyte (BGE) at an applied voltage of 15 kV. The developed method has a very high
tolerance for the matrix element U (100 mg/mL) and as such may not need prior separation of iron from the
matrix. Iron could be separated with better than 95% recovery. The method showed a linear calibration over
a concentration range 1-50 ppm of Fe(III). The migration times for the iron peak were reproducible within
1% for both pure Fe(III) and in presence of matrix uranium (80 mg/mL). The precision (RSD, n = 22) of
peak area obtained for 1 ppm of iron was 3.5%. The limit of detection (LOD) (3) was 0.1 ppm and the absolute LOD was 9 × 10-14 g considering the sample injection volume of 1.5 nL. The developed method has
been validated by separating and determining iron in two certified reference materials of U3O8. The method
was applied for the determination of iron in different uranium based nuclear materials. The CZE method is
versatile for routine analysis as it is simple, rapid and has simple sample preparation procedure.
Keywords: Capillary Zone Electrophoresis, Iron, Uranium, Nuclear Industry, Specification Analysis

1. Introduction
Separation and determination of trace elements in nuclear materials is important in nuclear industry as their
performance in the reactor critically depends on their
purity [1]. During the initial stages of nuclear fuel fabrication, the designers require the purity check analyses of
the unfinished fuel with respect to a few elements like Fe
and Ca [2]. Depending upon the concentration of iron,
the designers are required to take adequate measures to
achieve the desired purity.
Several methods are available for the determination of
iron in nuclear materials. The methods involving ICPAES [3,4], ICP-MS [5], spectrophotometry [6], ion chromatography [7,8] and HPLC [9] are well known. A disadvantage of these methods is the associated laborious
and time consuming sample preparation procedures and
the need for prior separation of matrix uranium using
solvent extraction or ion exchange before carrying out
the measurement. Also analysis of a matrix-matched
reference material every time along with samples is inCopyright © 2011 SciRes.

dispensable to confirm the quantitative recovery of iron.
This necessitates a simple, reliable, rapid and specific
method to minimize the labour involved and to achieve
maximum sample throughput.
In this context, the application of CZE for metal ion
determination deserves increased attention due to its
speed, high separation efficiency, resolving power, minimal sample and reagent requirements. Ever since the first
paper concerning the indirect detection of inorganic ions
by using CE in 1967 [10], the application of CE to the
separation and determination of inorganic substances has
increased rapidly and many papers have been published
and some of critical reviews have also been summarized
[11-15]. Different approaches have been reported to realize the full potential of CE for separation of metal ions by
CE. These include employing non-aqueous media [16,17],
use of partial or complete complexation techniques [18,
19], using CE in conjunction with ICP-MS [20-22] and
use of quantitative microchip CE [23]. Despite the increased applications to inorganic materials, the applicaAJAC
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tion of CE in nuclear industry has been somewhat limited
[24,25].
The separation principle of CE is based on the differential electrophoretic mobility of charged compounds.
The differences in the mobility of the analytes are related,
in turn, to their charge densities, i.e., the charge-to-mass
ratio. One of the problems in the analysis of metal ions
by CE is that most of transition metal cations have almost the same mobility due to their similar size and
identical charge. Obviously, the enhancement of separation selectivity is the only alternative to achieve a satisfactory resolution. Generally, there are two main approaches in this direction that imply the addition of a
complexing ligand to either the carrier electrolyte or a
sample solution before introduction into the capillary
[26]. In the first case, the mobility of sample cations toward the cathode can be selectively moderated due to the
partial complexation within the capillary, followed by
the formation of metal complexes of different stability
and thereby effective charge [27,28]. The second approach provides the complete pre-capillary or on- capillary conversion of metal ions into stable, charged complexes, which can move with different mobilities depending on their charge, size and stability [29]. The latter
approach was exploited in the present investigation.
Several CZE methods have been reported for the determination of iron in various matrices like water, electroplating baths and cyanide complexes [30-34]. CZE
separation of Fe(II) and Fe(III) was demonstrated after
complexing with o-phenanthroline and EDTA respectively and the same indicates separation feasibility of
Fe(III) as its EDTA complex [35]. Another study reports
the separation of Fe(III) as its DTPA complex [36]. In
these reported methods, for the determination of either
total iron or speciation, Fe-aminocarboxylic acid anionic
complex was separated from other metal-aminocarboxylic acid anionic complexes. It would be difficult to
apply these methods directly for the nuclear materials
like uranium compounds because U(VI) also forms anionic complex with aminocarboxylic acids. Between the
aminocarboxylic acid complexes of U(VI) and Fe(III),
the net negative charge of the U(VI) complex is more
than that of the Fe(III)-complex (eg. Fe(III) [33] and
U(VI) [37] with EDTA form Fe-EDTA- and
UO2-EDTA2- respectively). Due to the higher charge on
the uranyl complex, the migration order follows uranium
and then iron and large amount of uranium in the sample
solution produces a bulk and long tailing peak, possibly
masking the iron peak or affecting its recovery. It is
worth mentioning that while separating the metal-aminocarboxylic acid anionic complexes, it would be difficult to achieve a large separation factor to overcome the
problem of peak masking. Moreover, in these methods
Copyright © 2011 SciRes.
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higher pH electrolyte media (typically pH 6-10) are used
for the effective coating of CTAB on the capillary surface and subsequent formation of double layer necessary
for reversing the EOF. Under such pH conditions, the
bulk uranium will undergo hydrolysis significantly and
severely obstruct the movements of ions inside the capillary path. This is because unlike the hydroxycarboxylic
acids, the aminocarboxylic acids cannot prevent the hydrolysis of metals at higher pH. Moreover, the pH of the
sample cannot be kept low (pH < 3) as effective complexation does not occur between metal and aminocarboxylic acids.
The aim of the work was to develop a method for the
separation and quantification of iron from uranium. As
direct injection of the sample solution into capillary is
envisaged, significant reduction in analysis time is possible which is desirable during process control operations.
At the same time, interferences from other metal cations
can be eliminated due to the anionic complex formation
with chloride ligand.

2. Experimental
2.1. Instrumentation
Separations were performed on a commercial capillary
electrophoresis apparatus (Prince Technologies, CEC-770,
Netherlands) equipped with a photodiode array detector.
Fused silica capillaries of 50 µm i.d. and 60 cm long
were used. A capillary having 75 µm i.d. and 60 cm long
was also used. Sample injection was done in hydrodynamic mode by the application of 50 mbar pressure for
0.2 min on the sample vial which corresponds to a sample volume of 1.5 nL. System DAX software was used
for data acquisition. Direct UV detection was performed
at 214 nm. All the experiments were conducted at room
temperature (25-27˚C). The pH measurements were done
with a pH meter (Eutech, Tutor-model, Malaysia).

2.2. Reagents and Solutions
Standard stock solution of Fe(III) was prepared by dissolving Fe(NO3)3 •9H2O (99.99%, Aldrich Chemicals,
USA) in 0.01N HNO3. Subsequently, the working standards were made from the stock by appropriate dilutions.
High purity HCl and HNO3 acids (suprapure, MERCK,
Germany) were used for the sample and electrolyte
preparations. Potassium chloride (GR grade, MERCK,
Germany) was used. Nuclear grade UO2 (NFC, India)
was used for the preparation of standard uranium solution and the concentration of U was obtained from biamperometric determination [38]. All solutions, electrolytes
AJAC
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and standard solutions were prepared with ultrapure water (18 MΩ) obtained from a MilliQ-Academic System
(Millipore, India).

2.3. Procedure for Conditioning Capillary and
Sample Injection
Procedures for conditioning capillary, rinsing with electrolyte, hydrodynamic injection of the samples and rerinsing were programmable and these are defined for
sequential execution. Briefly, the capillary was washed
with 0.2 M NaOH for 15 min and with water for 10 min
followed by rinsing with BGE for 15 min. About 1.5nL
of the sample solution was injected into the capillary
hydrodynamically by applying 50 mbar pressure for 0.2
min. A potential of 15 kV was applied during the sample
run and in between two sample runs, the capillary was
again rinsed with BGE for 5 min to minimize memory
effect, if any.

3. Results and Discussion
Generally, capillary zone electrophoresis (CZE) is employed for the separation of metal ions with comparable
concentrations. Separating trace amounts of a metal
cation present in another metal matrix is a difficult task
in any high performance separation technique. However,
achieving such separations offer advantages like hassle
free sample preparation viz. no need of matrix separation,
no uncertainty on analyte recovery and reduction in
overall analysis time. Since the dissolved uranium sample solution will have high ionic strength, the direct injection of sample into the capillary can cause certain difficulties such as 1) undesirable peak broadening may
occur if the conductance of sample zone (λs) becomes
higher than the conductance of the BGE (λB), 2) change
in the zeta potential and variation in the magnitude of
EOF occur due to adsorption of matrix cation on the surface of capillary and altering the migration time of all
species significantly, 3) poor precision on the migration
time due to the delayed desorption of the matrix cations
resulting in long tailing or asymmetry, 4) poor separation
efficiency with band broadening (the plate height increases when sample concentration is more) due to overloading of the capillary with matrix ions and 5) severe
efficiency loss due to large difference in viscosities of
sample and BGE.
Despite these difficulties, direct separation of trace
analyte in presence of bulk matrix is feasible in CZE
provided the method satisfies two conditions: 1) the analyte and the matrix elements should have large difference
in their relative mobilities and 2) the mobility of the
Copyright © 2011 SciRes.
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analyte should be faster than matrix element. Under these
conditions, the analyte reaches the detector much earlier
than the matrix element and therefore, it will be free
from matrix effects. In the present case, since both uranyl
and ferric ions (in their hydrated form) have little difference in their charge densities, it is difficult to separate
them under normal conditions and addition of a complexing agent is essential for their separation. The organic ligands reported in literature for complexing Fe(III)
in CE studies [30-36,39] may not be suitable in the present case due to the reasons already mentioned above.
Hence, it was proposed to consider chloride as ligand as
well as carrier electrolyte since its complexation ability
with UO22+ and Fe3+ ions is different and they tend to
form cationic complexes of different charges. Moreover,
the chloride medium enables the direct detection of selected metal ions [40,41] including iron.
At lower concentrations of chloride ion (<0.5 M), the
uranyl ion predominantly forms UO2Cl+ complex [42,43]
in the pH range 2-3. Further, the formation of anionic
complexes viz. UO2Cl3-, UO2Cl42-, and UO2Cl53- occurs
only when the chloride concentration exceeds 5 M.
Similarly, though Fe(III) forms FeCl2+, FeCl2+, FeCl3 and
FeCl4- complexes, only FeCl2+ is predominant at low
chloride concentrations [44]. The formation constants
(log values) for the [UO2Cl]+ and [FeCl]2+ complexes
(0.17 and and 1.52 respectively) show that the Fe+3 has
more affinity towards chloride complex formation [43,45]
than UO22+. Therefore, at low chloride concentrations
UO22+ and Fe+3 form [UO2Cl]+ and [FeCl]2+ complexes
respectively and their electrophoretic mobilities will
change significantly due to charge differences and their
separation from each other may become feasible. Complex formation between chloride and divalent transition
metal ions such as Zn(II), Cu(II), Cd(II), Mn(II) etc., is
readily achieved and the complexes are remarkably stable [46]. These complexes are either anionic or neutral in
nature [47] and do not cause any interference. The absorbance of the peak for iron as [FeCl]2+ complex was
measured at 214 nm [45].

3.1. Optimization of Background Electrolyte
A mixed solution of HCl and KCl was selected as BGE.
The HCl solution is the carrier electrolyte and it prevents
the hydrolysis of iron, uranium and their chloride complexes by providing lower pH whereas KCl provides
adequate chloride (ligand) ions inside the capillary to
prevent the decomposition of complexes. All the separations were carried out with 15 kV applied voltage.
Initially the separation of Fe(III) was performed with
10-2, 10-3, 10-4 and 10-5 M HCl solutions corresponding to
pH 2, 3, 4 and 5 without KCl. This was done to explore
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the feasibility of separating iron with low ionic strength
electrolytes, which minimize joule heat generation. The
standard iron solutions were also prepared in the respective HCl solutions in order to have almost identical
composition in the BGE and standards. Figure 1 shows
the overlay of electropherograms obtained for each carrier electrolyte. It is seen from the figure that decreasing
the pH of the carrier electrolyte decreased the migration
time of Fe(III) peak with substantial peak broadening.
This was unexpected because increasing pH of the carrier electrolyte typically causes reduction in the migration time. However, the change in migration time in this
case may be possibly due to following three reasons.
Firstly, on increasing the pH, the silanol group of the
capillary dissociates considerably resulting in negative
charges on the surface of fused silica. These negatively
charged sites attract the free metal ions of iron. Hence,
transient retention of iron on the capillary surface occurs,
which leads to increase in migration time, band broadening and loss in sensitivity. Secondly, at higher pH solutions the extent of complex formation is affected due to
lower concentrations of chloride. Thirdly, when the pH is
above 2, the hydrolysis of Fe(III) and its chloride complexes may probably occur and form neutral species (hydroxides) as reported in the literature [44].
The influence of electrolyte pH on the separation did
not result in any definite conclusion because the total
chloride concentration at each pH condition was not kept
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constant. Hence, the influence of pH on the separation of
iron at constant chloride concentration and the effect of
chloride concentration under different pH conditions
were examined. For this, three sets of solutions corresponding to pH 2, 3 and 4 were prepared. In each set, the
pH was maintained at the pre-selected value by keeping a
fixed concentration of HCl but the total chloride content
was varied from 30 to 100 mM by adding calculated
amount of KCl. With pH 2 electrolyte, on increasing
chloride concentration, the migration time of iron increased slightly but not significantly and at the same time,
the corresponding peak area increased up to a chloride
concentration of 75 mM (10 mM HCl + 65 mM KCl).
Further increase in chloride concentration caused only
marginal changes in the peak areas (Figure 2). On the
other hand, electrolytes of pH 3 and pH 4 brought about
severe base line drift and huge noise when the chloride
concentration was increased.
During the separation, there may be a little change in
the electrolyte pH due to applied potential and protonation of silinol groups. This change can alter the migration
time of iron. However, this effect was found to be insignificant when iron was separated with electrolytes of pH
1.8, 2.0 and 2.2 as these electrolytes brought about migration time of iron peak within 1% precision (RSD, n =
5 in each pH condition). Based on these, a BGE of 10
mM HCl and 65 mM KCl (pH 2) was chosen for further
studies.

Figure 1. Electropherograms obtained for a standard iron solution (25 mg•L-1 ) with BGEs of different pH. 1). 10-2 M HCl
BGE corresponding to pH 2; 2). 10-3 M HCl BGE corresponding to pH 3; 3). 10-4 M HCl BGE corresponding to pH 4 and 4).
10-5 M HCl BGE corresponding to pH 5, Conditions: Capillary: 60 cm × 50 µm, Applied voltage: 15 kV. Detection: direct UV
at 215 nm.
Copyright © 2011 SciRes.
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heat. Therefore, an applied voltage of 15 kV was adopted
as optimal. Typical electropherograms obtained for
Fe(III) of different concentrations under the optimized
conditions have been shown in Figure 3.

3.3. Matrix Element Tolerance

Figure 2. Effect of total chloride concentration on the peak
area of iron obtained with pH 2. (BGEs were of 10-2 M HCl
(fixed) and varying amounts of KCl). Capillary: 60 cm × 50
µm, Applied voltage: 15 kV; Detection: direct UV at 214
nm.

The migration of the matrix ion, UO22+ and other
common ions such as Cu(II), Ni(II), Zn(II), Mn(II),
Co(II), Cd(II), Cr(III), Al(III), Ca(II), Mg(II), Sr(II),
Ba(II), Na and K, which are expected to be present in the
actual samples in very low concentrations, were investigated. The uranyl ion (as UO2Cl+) appeared much later
than iron peak whereas the transition, alkali and alkaline
earth metal cations could not be detected even up to 60
min. at the entire range of absorption measurements from
214 nm to 240 nm. The probable explanation for this is
the migration of these metal complexes (mainly in anionic form) towards the anode and also the EOF at pH 2
is expected to be significantly small.
The peaks of Fe(III) and U(VI) were confirmed by injecting the standard mixture solutions having varying
concentrations.

3.2. Optimization of Applied Voltage
The relation between efficiency (N) and applied voltage
is expressed as, N = µepV/2DS where N is efficiency, V is
applied voltage and Ds is the diffusion co-efficient [48].
Higher values of N can be achieved by the application of
high voltage because it reduces the dispersion time of the
sample zone. Hence, the effect of applied voltage on the
mobilities of iron and uranium ions was investigated by
varying the potential from 5 to 30 kV. There was a considerable change in the mobilities of Fe and U and their
peak reproducibility when the potential was raised beyond 20 kV. It was also seen that at higher voltages the
resolution between Fe and U was poor due to peak
broadening. A plot of current Vs applied voltage showed
that the current and voltage was non linear beyond 18 kV
indicating the inability of capillary to dissipate the Joule
Copyright © 2011 SciRes.

The tolerance of matrix element on the separation and
determination of Fe(III) was investigated by spiking 50
ppm of Fe(III) into uranium solutions of different concentrations (0.1-90 mg of U/mL). An un-spiked uranium
solution was treated as blank. A standard solution containing 50 ppm of Fe(III) was taken as a calibration
standard for determining concentration of Fe(III) in the
iron-spiked uranium solutions. The values obtained for
the spiked solutions are in good agreement with the expected value and the overall precision and accuracy was
better than 5% as shown in Table 1. The studies also
show the recovery of iron in the presence of bulk uranium was unaffected and the recovery of iron was found
between 97 and 103%. An electropherogram obtained for
5ppm of Fe(III) with 80mg of U/mL is also shown in
Figure 3.

3.4. Validation of Method
3.4.1. Specificity of CZE Method
Owing to the minute differences in the charge densities
of many transition metal cations including iron, they may
interfere with iron. Therefore, the migrations of some
selective metal cations were examined. The iron peak
was totally interference free from the metal ions like
Cu(II), Pb(II), Ni(II), Zn(II), Mn(II), Co(II), Cd(II),
Cr(III), alkali, alkaline earth metals as they were not
detected up to a concentration of 300 ppm of each metal
ion. Hence, the CZE separation is highly specific for
Fe(III).
Table 1. Recoveries of spiked iron in uranium solutions of
various concentrations.

a

No

Uranium
(ppm)

Fe spiked in U
solution (ppm)

Fe determined
by CE (ppm)a

% of
recovery

1

10

50

48.6 ± 2.4

97.2

2

1000

50

48.3 ± 2.7

96.6

3

10000

50

51.9 ± 2.9

103.8

4

50000

50

47.9 ± 3.1

95.8

5

75000

50

52.3 ± 2.6

104.6

6

90000

50

51.8 ± 2.8

103.6

mean value of three determinations (n = 3).
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3.4.2. Linearity
A linear relationship between peak area and concentration was obtained in the 1-50 ppm of Fe(III) and the correlation coefficient obtained in this case was 0.9995.
3.4.3. Limit of Detection (LOD) and Limit of
Quantification (LOQ)
The detection limit for a signal-to-noise ratio of 3 for
Fe(III) was 0.1 ppm. The absolute LOD is 9 × 10-14 g;
considering the sampling volume as 1.5 nL. An e-gram
obtained for 0.08 ppm of iron, which is very close to the
detection limit was also shown in Figure 3. The limit of
quantification was approximately 0.6 ppm (basis of S/N
ratio of 6).
3.4.4. Reproducibility
The reproducibility was studied by making ten consecutive runs of two standard solutions of iron, in which the
first solution has only 5 ppm of iron and the second has 5
ppm of iron in presence of 80 mg of U/mL of uranium.
The precisions (% RSD, n = 10) obtained for peak area
for the first and second solutions were 0.99 and 1.88 respectively as shown in Figure 4(a). However, replicate
analysis (n = 20) of a 1 ppm iron standard solution under
the optimized conditions brought about a precision (%
RSD) of 3.5 as shown in Figure 4(b). Since the analyte
in the real sample is present in uranium matrix, the reproducibility of migration time was also studied with the
same two 5 ppm iron solutions mentioned above. The

ET AL.

51

precisions (% RSD, n = 10) of migration time obtained
for the pure iron and with uranium were 0.97 and 1.02
respectively (Table 2).
3.4.5. Comparative Analysis with Certified Reference
Materials
To check the recovery of iron and to validate the developed procedure, two reference materials of U3O8 matrix
(namely ILCE-4 and ILCE-5), which were indigenously
prepared, characterized and certified by the Department
of Atomic Energy, India [49] were used for the trace
elements.
Accurately weighed quantities of the standards (in the
range of 0.3 - 0.4 g) were dissolved in 5 mL of high purity Conc. HNO3 and the solution was heated to near
dryness using a hot plate under controlled heating and
this procedure was repeated twice to ensure the complete
dissolution. Further 3.5 mL of 0.01 N HCl (pH 2) acid
solution was added at warm condition. The pH of the
solution was measured using a combined pH electrode
meant for small volume measurements and the pH was
adjusted using 0.01 N HCl solution, if required. Prior
to sample injection, the solution was transformed into a
standard volumetric flask and made up to 5 mL using
0.01 N HCl.
The dissolution was carried out with nitric acid because it oxidizes iron and uranium to their highest oxidation states as Fe(III) and U(VI) respectively. Since both
elements exhibit their highest oxidation states, their

Figure 3. Electropherograms obtained for a standard solution of Fe(III) and Uranium. (A) Fe(III) (5 µg/mL) + U(VI) (80,000
µg/mL) standard solution; (B) Fe(III) standard solution (1µg/mL); (C) Fe(III) (0.08 µg/mL) standard solution. BGE: 10 mM
HCl in 65 mM KCl (pH 2), Conditions: Capillary: 60 cm × 50 µm, Applied voltage: 15 kV. Detection: direct UV at 214 nm.
Copyright © 2011 SciRes.
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this method are in good agreement with the certified
values.

3.5. Real Sample Analysis
The method was applied to nine uranium based fuel
samples from an advanced fuel fabrication facility. The
samples are either in metallic or oxide form of uranium.
Samples were dissolved by following the procedure as
described above for the standard reference materials
(ILCE-4 and ILCE-5). Depending on the concentration
of Fe obtained from the first run of the sample, further
dilution was carried out, to adjust the analyte concentrations to the linearity range of method calibration. Table
4 lists the typical iron contents determined in the samples,

(a)

Table 3. Comparison between iron determination via the
developed method and certified method.
No.

Reference
Std. code

Concentration of Fe (ppmw)
obtained

% of
deviation

mean

Certified

163.5 ± 2.8

170

3.8

275.2 ± 2.9

290

5.4

163.2
160.3
1.

ILCE-IV

167.1
161.6
165.5

(b)

278.8

Figure 4. (a) Reproducibility of Fe(III) peak area (n = 10)
obtained for 5 µg/mL of Fe with and without presence of
80,000 µg/mL of U; (b) for a 1 ppm Fe standard solution (n =
22). Conditions are as same as in Figure 3.

276.9
2.

ILCE-V

270.9
275.4
274.0

Table 2. Reproducibility of migration time of Fe(III) (5
ppm) with and without presence of 80 mg of U/mL (n = 10).

Table 4. Results obtained for the samples.

Migration time (min)
Fe(III) alone

Fe(III) with 80 mg of U (VI)/mL

Sample code

Fe (ppm)a

3.088 (RSD, 0.97%)

3.133 (RSD, 1.09%)

M1

882 ± 52

M2

1311 ± 70

M3

753 ± 37

M4

801 ± 36

M5

913 ± 46

U1

318 ± 19

U2

723 ± 33

U3

626 ± 29

U4

389 ± 18

combination cannot be a redox couple. Further the formation of Fe(II) is not possible as it has least stability in
nitric and hydrochloric acid media and therefore, the
sample dissolution ensures all iron in its +3 state. The
entire sample preparation process typically takes around
30 minutes whereas in other methods like ICP-AES,
ICP-MS and ion chromatography etc. lasts for few hours
as these methods require the separation of matrix element by following solvent extraction or ion exchange
procedures. Table 3 compares the results obtained for
the two reference materials and the values obtained by
Copyright © 2011 SciRes.
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mean value of three determinations (n = 3).
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Figure 5. A typical electropherogram obtained for a sample solution. Conditions are same as in Figure 3.

where the sample codes “M” and “U” refer to metallic
and oxides of uranium respectively.

3.6. Advantages of the CZE Method
1) Specific for iron and no interference from transition
and other common metal ions.
2) Possesses high tolerance for background matrix and
therefore, pre separation of matrix is not required.
3) Very simple sample preparation.
4) Simple and rapid separation. Typically it takes
around 10 minutes for a sample run.
5) Provides good precisions on migration time as well
as peak area of the analyte.
6) Recovery of the analyte is more than 95%.
7) Generation of minimum analytical waste as there
was not any additional wet handling other than the sample dissolution.

matrix element was proved by analyzing matrix match
reference materials. The method was applied successfully to the determination of iron in different uranium
based fuel materials and is adoptable for routine analyses.
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