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Abstract Rapid and fully automated multisyringe flow-
injection analysis (MSFIA) with a multi-pumping flow
system (MPFS) coupled to a long path-length liquid
waveguide capillary cell (LWCC) is proposed for the
determination of uranium(VI) at ultra trace levels. On-line
separation and pre-concentration of uranium is carried out
by means of a TRU resin. After elution, uranium(VI) is
spectrophotometrically detected after reaction with
arsenazo-III. Combination of the MSFIA and MPFS
techniques with the TRU-resin enables the analysis to be
performed in a short time, using large sample volumes and
achieving high selectivity and sensitivity levels. A detection
limit of 12.6 ng L−1 (ppt) is reached for a 100-mL sample
volume. The versatility of the proposed method also
enables pre-concentration of variable sample volumes,
enabling application of the analysis to a wide concentration
range. Reproducibility of better than 5% and a resin
durability of 40 injections should be emphasized. The
developed method was successfully applied to different
types of environmental sample matrices with recoveries
between 95 and 108%.

Keywords Uranium . Flow techniques . Spectrophotometric
detection . TRU resin . Pre-concentration

Introduction

Radioactive materials, e.g. uranium, occur naturally every-
where in the environment. Moreover, several practices and
activities of men, involving the production and use of
radionuclides, have resulted in releases of radioactive
materials to the environment. Thus, environmental radiation
originates from a number of naturally occurring and
human-made sources [1].

By far the largest proportion of radiation comes from
natural sources, including cosmic and terrestrial radiation.
Nevertheless, some sources, e.g. uranium, can be concen-
trated during extraction by mining and other industrial
activities. Thus, the extraction and processing of earth
materials or their industrial products or by-products, which
contain concentrations of natural radionuclides, affect the
environmental re-distribution of uranium [2]. Some of these
activities have ceased, such as testing of nuclear weapons in
the atmosphere, and some are continuing, for example
electrical energy generation by nuclear reactors and use for
a variety of purposes in industry and research. However, the
number of uses of uranium and the quantities used have
increased. For example, it is worth mentioning energy
production from coal (coal mining, coal-fired power plants,
and domestic use) and the exploitation of phosphate rock,
which is used extensively, mainly as a source of phospho-
rus for fertilizers [3]. Mining and processing phosphate ores
redistribute 238U and its decay products among the various
products, by-products, and wastes of the phosphate indus-
try. Effluent discharges into the environment, use of
phosphate fertilizers in agriculture, and use of by-products
in the building industry are possible sources of uranium [4].

Considering the occurrence, the extensive use of
uranium indicated above, and its long radioactive half-life,
and high radiological and chemical toxicity, it is an element
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of great environmental interest. Determination of levels of
uranium present in environmental samples is required in
order to establish environmental control. The process of
identifying individual uranium species and determining
their concentration requires sophisticated and expensive
analysis [1]. Thus, we propose a rapid, inexpensive, and
automated method for determination of uranium(VI) in
environmental samples.

Flow techniques allow the development of fully auto-
mated methods achieving the minimization of sample
handling, drastic reduction of reagent volume, improvement
of reproducibility and the sample throughput, and achieving
a significant decrease of both time and cost per analysis.

In this work the flow techniques multi-syringe flow
injection analysis (MSFIA) [5, 6] and multi-pumping flow
system (MPFS) [6–8] have been hyphenated in order to
benefit from each other. MSFIA combines the multi-
channel operation and high-injection throughput of flow
injection analysis (FIA) with the robustness and the
versatility of sequential injection analysis (SIA). On the
other hand MPFS is based on the use of solenoid micro-
pumps for propelling liquids, enabling the introduction of
large volumes in a short time. These low-cost, robust, and
reliable devices are responsible for both sample-reagent
introduction and manifold commutation. Moreover, in
comparison with other flow techniques, the pulsed flow of
the micro-pumps is better and faster at homogenizing the
reaction zone. Furthermore MSFIA and MPFS are espe-
cially suitable for minimization of reagent consumption
(green chemistry), because reagents are propelled to the
system only when necessary, and they allow development
of fully automated systems with high injection throughput.

On the other hand the determination of uranium requires
high selectivity because of its strong association with other
elements. Arsenazo-III is noteworthy for reacting with uranium
in strongly acid solutions [9, 10]. Besides, this reaction is
highly sensitive. Therefore, the sodium salt of arsenazo-III has
been reported to be the most sensitive chromogenic reagent
based on azo dyes. The main advantage of this reagent lies in
the high stability of its 1:1 uranium complex, which makes
possible its analytical utilization in strongly acidic media.

Numerous methods have been described for determina-
tion of uranium in a variety of matrices. In many instances,
the low concentrations of uranium encountered and the
presence of high levels of potentially interfering matrix
constituents preclude its direct determination. As a result,
various separation and pre-concentration methods are often
employed prior to analysis. This problem is solved by using
a chromatographic extraction resin, thus the TRU resin
column is used for on-line separation and pre-concentration
of the analyte [11, 12].

In order to enhance the sensitivity and improve limits of
detection of optical instrumentation, a long path length liquid

waveguide capillary cell (LWCC) has been coupled to the
system. LWCCs have been widely used to determine
environmental contaminants at trace levels [13, 14]. LWCCs
are based on use of a capillary with a lower refractive index
than the liquid core contained in it, so the light introduced
into the liquid core of the capillary is totally internally
reflected down the capillary towards the detector. Therefore,
LWCCs can detect as much of the optical signal as possible
while minimizing background noise.

The objective of this study was the development of a
fast, robust, inexpensive, and fully automated method for
determination of ultra trace levels of uranium in environ-
mental sample matrices. The hyphenated method is based
on on-line uranium isolation and pre-concentration with a
chromatography extractant resin (TRU-resin) followed by
complex formation with arsenazo-III and its spectrophoto-
metric detection through a long path length waveguide
capillary cell.

Experimental

Reagents and standard solutions

All solutions were prepared from analytical grade reagents
with Millipore quality water. All uranium solutions were
obtained by appropriate dilution of the standard with 2 mol
L−1 HNO3.

& HNO3 60%, Scharlau (Barcelona, Spain)
& HCl 37%, Scharlau (Barcelona, Spain)
& Arsenazo-III, Fluka (Madrid, Spain)
& Tetramethylammonium hydroxide (TMAH) solution

25% in water, Sigma–Aldrich (Madrid, Spain)
& Chloroacetic acid, Scharlau (Barcelona, Spain)
& Sodium chloroacetate, Scharlau (Barcelona, Spain)
& Uranium atomic absorption standard solution

(1004 mg L−1 in 1.2 wt % HNO3), Sigma–Aldrich
(Madrid, Spain)

& 1110±7 ng L−1 241Am and 203±1 ng L−1 239+240Pu
standards in 1 mol L−1 HCl, prepared and certified by
Ciemat (Madrid, Spain)

& Vegetable ash certified by Ciemat (Mat Control 25):
42.9±5.1×10−6μg kg−1 238Pu, 12.7±2.3×10−7μg kg−1
241Am and 6.3±3.3×10−3μg kg−1 230Th, and 5.6±1.8×
103μg kg−1 238U

& Transuranide resin (TRU-resin) 50–100 μm, Triskem
Industries, (Darien, IL, USA). TRU Resin (Triskem) is
an extraction chromatographic material in which the
extractant system is octylphenyl-N,N-diisobutylcarba-
moylphosphine oxide (CMPO) dissolved in tri-n-butyl
phosphate (TBP)

& Glass wool for chromatography
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Samples

All samples were prepared in a final solution of 2 mol L−1

HNO3.
EDTA solution (100 mg L−1, 1 mL) was added to the

seawater sample to avoid interferences.
For acid digestion of solid samples (vegetable ash and

phosphogypsum) approximately 10 g dry sample was
dissolved in 150 mL 8 mol L−1 HNO3 with constant
boiling and stirring for 8 h.

Manifold and software

The hyphenated MSFIA-MPFS system used is shown in
Fig. 1. MSFIA comprises basically a multisyringe burette
(BU4S; Crison Instruments, Barcelona, Spain) with pro-
grammable flow rates. This burette is equipped with four
10-mL syringes (Hamilton, Switzerland) which are used as
liquid drivers. Each syringe has a three-way solenoid valve
(N-Research, Caldwell, NJ, USA) at the head, which
facilitates the application of multicommutation schemes
(on: in-line flow; off: to reservoirs). There are also two
valves V1 (on: in-line flow through the column; off: to
waste) and V2 (on: in-line flow towards the detector; off: to
waste) (MTV-3-N 1/4 UKG; Takasago, Japan), which help
drive the flow in the desired way.

The MPFS set-up consists of three solenoid micropumps
(BIO-Chem Valve, NJ, USA) with stroke volumes of 20 μL
(M1 and M2) and 8 μL (M3). Each allows injection of a
specific volume of reagent or sample, varying the number
of pulses. The flow rate is controlled according to the
frequency and volume dispensed in each pulse.

The flow network is constructed with 0.8 mm internal
diameter poly(tetrafluoroethylene) (PTFE) tubing, including a
3-m holding coil (HC) and a 3-m knotted reaction coil (KRC).

All connections are made by means of PVC connectors,
except cross-junction, which are made of methacrylate.

A methacrylate column 45 mm long and 3.5 mm of
internal diameter, with a capacity of 0.43 mL, constitutes
the extraction system. The column is filled in with an
appropriate amount of TRU-resin (0.08 g) to avoid
compaction and, thus, possible overpressures which could
affect the performance of solenoid pumps.

The detection system is composed of a deuterium–
halogen light source (Mikropack, Germany), two optical
fibres of 400 and 600 μm internal diameter (Ocean Optics,
USA), a flow cell made from a 100 cm type II Teflon AF
long path-length liquid core waveguide capillary cell
(World Precision Instruments, FL, USA) (internal diameter
550 μm, effective path length 100.0±0.5 cm, internal
volume 240 μL), and a USB 2000 miniaturized fibre-
optic spectrometer (Ocean Optics), connected to a computer
via an USB interface. The absorbance is measured at
660 nm.

Instrument control and acquisition of spectrophotometric
data are performed using the software package AutoAn-
alysis 5.0 (Sciware, Palma de Mallorca, Spain). The
distinctive feature of developed software based on dynamic
link libraries (DLLs) at 32 bits is the possibility of using a
single and versatile application without further modification
for whatever instrumentation and detection system needed.
It involves a basic protocol which allows the implementa-
tion of specific and individual DLLs, addressing the
configuration of the assembled flow analyzer. Solenoid
valves and micropumps are connected to the module
through an interface, allowing the use of solenoid protec-
tions (Sciware) in order to minimize heat generation to
extend the lifetime of valves.

Analytical procedure

Table 1 depicts the general scheme of the method with the
corresponding flow rates and volumes used. The steps of
the process are the following:

1. Conditioning of TRU resin: Micropump M1 and
solenoid valve V1 are activated (M1-on, V1-on) to
propel towards the column 4 mL 2 mol L−1 HNO3 at a
flow rate of 3.0 mL min−1. V2 is deactivated (V2-off,
to waste) in order to bypass the LWCC, allowing higher
flow rates.

2. Sample loading: once the column is ready,M2 is activated
(M2-on) and x mL standard or sample are dispensed
toward the column at a flow rate of 1.5 mL min−1.

3. Elimination of interferences: M3 is activated (M3-on)
and 3 mL 4 mol L−1 HCl are dispensed in order to
eliminate possible interferences (Am, Pu, Th). The flow
rate used in this step is 3 mL min−1.

W
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Fig. 1 MSFIA–MPFS system for uranium(VI) isolation and pre-
concentration. S, syringe; M, micropump; HC, holding coil; KRC,
knotted reaction coil; V, solenoid valves; LWCC, long path length
waveguide capillary cell; W, waste
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4. Elution of U(VI): At this point all the uranium
contained in the sample and nothing else is retained
on the column. Syringe S3 is activated (S3-on) and the
solenoid valve V2 is also activated (V2-on) to propel
1 mL 0.014 mol L−1 TMAH through the column
towards the detector at a flow rate of 1.5 mL min−1.

5. S1 is activated (S1-on) and the eluent is dispensed
through the manifold until it arrives at the mixing point.

6. Reaction: S1 and S4 are activated (S1-on, S4-on) and 1
mL arsenazo-III is simultaneously mixed with the
eluent in the knotted reaction coil.

7. Final dispense: S2 is activated (S2-on) and the reaction
plug passes through the detector.

8. Change of sample: In order to avoid contamination
between samples, 0.10 mL of the next sample is
introduced with M2 in the on position (M2-on) at a
flow rate of 3 mL min−1 and V1 in off position (V1-off,
to waste) in order not to contaminate the column.

Optimization of experimental conditions

The pH is an essential condition to carry out the
colorimetric reaction in order to avoid interference from
calcium [15] and overlap of the arsenazo-III spectrum with
the maximum of the complex formed [9]. Thus, the
optimum pH is pH 2, and the arsenazo-III is prepared in
buffer solution (chloroacetic acid–sodium chloroacetate).

The computer statistics package StatGraphics (Stat-
Graphics Centurion XV, Stat Point, Herndon, VA, USA,
2005) was used to build a response surface experimental
design. A Draper-Lin small composite design with a total
number of twenty-five runs, including centre points, was
carried out in order to optimize the experimental conditions.
Effects of individual factors (arsenazo-III volume and
concentration, eluent volume and concentration, and buffer

concentration) and their second order interactions were thus
investigated.

Optimized conditions are summarized in Table 2.

Results and discussion

Flow system set-up

The use of micropumps (MPFS) allows the system to
dispense in a continuous way large sample volumes with no
need for repeat loading and unloading processes of syringes
as happens in MSFIA methodology. This aspect is of great
importance when designing automatic methods for deter-
mination of radioactive isotopes in environmental samples,
where low concentrations present require pre-concentration
of the analyte of interest. In other words, propulsion with
micropumps enables treatment of large sample volumes in a
short time.

Nevertheless, the volume dispensed by micropumps is
tested every day in order to ensure total repeatability for
different working sessions. Moreover, in order to avoid
overpressure in the system when liquid is dispensed by
MPFS through the column, a smaller resin mass (0.08 g)
than the column capacity is used. Thus, when the resin is
soaked it can easily move inside the column.

Table 2 Optimized conditions

Arsenazo-III concentration 0.0001%

Arsenazo-III volume 1.00 mL

TMAH (eluent) concentration 0.1 mol L−1

TMAH (eluent) volume 1.00 mL

Buffer concentration 0.5 mol L−1

Table 1 Automatic procedure for uranium(VI) separation, pre-concentration, and spectrophotometric detection

MSFIA MPFS

Step Flow rate
(mL min−1)

S1
H2O

S2
H2O

S3
TMAH

S4
arsenazo

V1 V2 M1
HNO3

M2
sample

M3
HCl

Resin conditioning 3 Off Off Off Off On Off On Off Off

Sample loading 1.5 Off Off Off Off On Off Off On Off

Elimination of interferences 3 Off Off Off Off On Off Off Off On

Elution of U(VI) 1.5 Off Off On Off On On Off Off Off

Dispense for simultaneous mixing 1.5 On Off Off Off On On Off Off Off

Reaction 1 On Off Off On On On Off Off Off

Transfer to the detector 2 Off On Off Off On On Off Off Off

Change of sample 5 Off Off Off Off Off Off Off On Off

V1, V2: off means to waste; on means to in-line flow
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In contrast, MSFIA is a robust system which does not
need to be recalibrated and can be subjected to a high
overpressure without altering its functioning. The working
flow rate range is much wider (0.57 to 30 mL min−1) than
that of micropumps (0.03 to 6.25 mL min−1).

With the help of three-way solenoid valves, the plug of
reagents is directed toward the detector (on position) or
toward the waste (off position), as required, with great
precision and reproducibility and increasing the lifetime of
the resin.

In this way both flow techniques MSFIA–MPFS
complement each other, improving their individual
advantages according to the required analytical needs
[16]. This allows drastic reduction of reagent consumption
and time saving in relation to manual methodologies,
whose operations can last days against an injection
frequency of 0.8–5 injection h−1, depending on the sample
volume.

Column properties

The CMPO/TBP solvent system of TRU resin complexes
actinide elements and extracts them from some aqueous
solutions. This resin has been widely used to isolate and
pre-concentrate transuranide elements with a variety of
detection systems [16–18]. A large number of commonly
occurring matrix elements show no or little retention in
nitric acid media and can be separated from actinides
during sample load and column wash steps.

The resin needs to be conditioned with nitric acid. Thus,
the concentration of nitric acid was optimized and for acid
concentrations up to 2 mol L−1 uranium showed no
retention on the resin. In previous work, perchloric acid
was used to prepare samples and to condition the resin [19].
We also performed the analysis using perchloric acid and
there was no significant difference from the results obtained
with nitric acid. So, we decided to use 2 mol L−1 nitric acid
for both processes because it is a lower concentration for
total uranium(VI) retention, avoiding also Fe(III) retention.
Whenever the resin is changed, it is left in contact with
2 mol L−1 HNO3 solution.

Once the resin is ready, on-column extraction and pre-
concentration of the analyte are carried out automatically,
ensuring high repeatability between replicates. Automated
pre-concentration enables reduction of the detection limit in
a remarkable and reproducible way.

As observed in the results shown in Table 3, up to a
sample volume of 100 mL recovery of uranium retained in
the column is higher than 90%. Pre-concentration of
sample by a factor of 100:1 can be considered a fairly
good result for this type of analysis. Evidently, the larger
the volume capable of being pre-concentrated the lower
LOD attained.

Analytical conditions

Working range

A mass calibration curve (net absorbance versus mass in μg
uranium(VI)), with a statistically satisfactory fit was obtained
(y=6.8563x + 0.0008, r2=0.9996). Under the optimum
conditions described above the calibration curve is linear
over the concentration range 0–0.155 μg uranium(VI). A
diagram of a mass calibration curve is shown in Fig. 2.

The fact of using a pre-concentration process implies
mass calibration, because the volume to be concentrated
can be chosen by the analyst depending on the concentra-
tion of the sample. Therefore it provides high versatility to
the proposed method allowing pre-concentration of variable
sample volumes, admitting the analysis to a wide concen-
tration range.

Limit of detection

Taking into account that the described method is applied to
environmental samples analysis, the main advantage is the
LOD obtained passing through the column up to 100 mL of
sample without disturbing significantly the response signal.
Thus, the limit of detection achieved is 12.6 ng L−1 (ppt).
The European Union has established a limiting value of
0.1 Bq L−1 as a new guideline for total α activity in
drinking waters [20]. Supposing that this activity corre-
sponded to uranium, the equivalent in concentration units
would be μg L−1 levels, so with this method it could be
easily measured.

The LOD of the proposed method is as low as those
achieved by other techniques, as can be seen in Table 4.
Radiometric detection (LOD: 18 and 0.41 μg L-1 respec-
tively) [21, 22], which, although sensitive, precise and
accurate, is slow and labour-intensive. Moreover the current
method achieves a low LOD (one to three orders of

Table 3 Analytical data

Detection limit (ng L−1) 12.6

Quantification limit (ng L−1) 42.2

Regression coefficient 0.9996

Repeatability (%) (n=40) 2.9

Reproducibility (%)(n=5) 4.9

Resin durability (injections) 40

Sample volume (mL) Up to 100

Sensitivity (μg/AU) 6.773

Linear working range (μg) 0 - 0.155

Injection frequency (h−1)a 0.8 - 5

a Depending on the sample volume (1–100 mL)

n = replicates

Automated determination of uranium(VI) 875



magnitude lower than radiometric detections methods), in a
shorter time. Besides, classical radiochemical methods may
generate significant quantities of secondary hazardous waste.

On the other hand, the LOD achieved is similar to those
obtained using ICP–MS [23–29] which vary in a range 0.3–
100 ng L−1 (ppt). It should be emphasized that because the
proposed method is a simple and low cost, and requires less
maintenance and inexpensive instrumentation, it can easily
be adapted for field measurements.

In comparison with recent work which exploits electro-
oxidative leaching for uranium determination and also uses
spectrophotometric detection, our LOD is again lower (in
three orders of magnitude) than the LOD of the mentioned
work (LOD: 22 μg L−1 (ppb)) [30].

The low LOD achieved is basically a result of the
combination of TRU-resin, the sensitivity of the colori-
metric reaction, and the LWCC. Without one of these
essential components, results would not have been so
good. For example, if we compare our results with those

of a previous flow method based on reaction with
arsenazo-III [31] but with no pre-concentration and
without an LWCC, our LOD is three orders of magnitude
better. Thus, the developed method is actually able to
determine concentrations of uranium at real environmental
levels.

Resin durability

The extraction column lifetime is intimately linked to the
repeatability of the methodology and is indicative of the
number of consecutive analyses feasible without changing
the column packing. Results obtained up to the fortieth
replicate reveal recovery of the analyte higher than 90%
with a RSD of 2.9%. In this way we estimate that the
lifetime is 40 injections; replacement of the column is then
recommended. This long durability of such small amount of
resin makes the method very inexpensive compared with
batch methods.

Fig. 2 Diagram obtained from a
uranium mass calibration curve.
The values indicated on the
diagram represent the uranium
(VI) mass in μg

Detection systems Flow technique LOD (ng L−1) Ref.

Alpha-spectrometry Batch method 18000 [21]

Batch method 410 [22]

ICP-MS FIA 3 [23]

FIA 0.3 [24]

Batch method 17 [27]

Batch method 100 [29]

Spectrophotometry MSFIA 40000 [31]

MSFIA–MPFS 12.6 This method

Table 4 Comparison of LOD
for methods with different
detection systems for uranium
determination
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The reproducibility of the method, RSD 4.9%, was
determined from results obtained on different working
days, changing the resin column and using a solution
which contained 0.036 μg uranium.

Interferences

As it names says, TRU resin not only retains uranium(VI),
but also Am, Pu, and Th. So step 3 of the analytical
procedure is necessary to strip these metals from the resin
before uranium(VI) is eluted. These possible interferences
were studied and none resulted in significant interference
(differences in analytical signal of ±10%). We even tested
up to 2000 times the concentrations of americium [32] and
plutonium [32–34] that can be found in the environment
and they did not significantly disturb uranium(VI) determi-
nation. The interference study was carried out using a
solution which contained 0.036 μg uranium.

Analysis of the certified sample also enabled evaluation
of interferences, because it contains U, Am, Pu; and Th; the
recovery was satisfactory (97%).

With regard to the colorimetric reaction performed, the
only possible interference could be calcium; this is totally
avoided by using pH 2 [15].

Application to real samples

The automatic methodology was evaluated by analyzing
four different water matrixes (fresh water, mineral water,

tap water, and seawater), phosphogypsum, and vegetable
ash certified by CIEMAT (Spain). Results of analyses for
three replicates (n=3) are shown in Table 5.

For water matrices, the procedure was applied to spiked
samples with known U(VI) mass, obtained from the
corresponding standard. Results revealed recovery was
fairly good, higher than 97% in all cases.

The phosphogypsum sample was obtained from ponds of a
phosphate fertilizer plant located in Huelva (Spain). This
sample was analyzed by the proposed method and by ICP–
MS to validate the results obtained. The t-test for comparison
of means revealed there were no significant differences at the
95% confidence level. Furthermore, to check the matrix
effect of this kind of sample it was spiked with a known
mass of U(VI); a recovery of 95% was obtained.

The certified vegetable ash was used to check the
effectiveness of the method. A t-test for comparison of
means carried out between the certified value and the value
obtained using the MSFIA-MPFS method revealed no
significant differences at the 95% confidence level.

Conclusions

Development of the automated MSFIA-MPFS system has
enabled measurement of uranium(VI) in environmental
samples at ultra trace concentrations. Combination of
MSFIA and MPFS techniques with TRU-resin enables
fully automated sample treatment and separation, improv-

Table 5 Analysis of different types of sample

Sample (n=3) Added U (μg L−1) Found U (μg L−1) Recovery (%)

Tap water 0 <LOD

10 9.8±0.5 98

Mineral water 0 <LOD

10 10.8±0.1 108

Freshwater 0 <LOD

10 10.3±1.2 103

Seawater 0 <LOD

10 9.7±0.1 97

Phosphogypsum 0 178.4±2.2 95

10 188.0±1.5

Sample (n=3) Validation methoda (μg L−1) Found U (μg L−1) Significant difference α=0.05

Phosphogypsum 179.2±9.7 178.4±2.2 Not found

Sample (n=3) Certified U (μg L−1) Found U (μg L−1) Significant difference α=0.05

Vegetable ash (certified sample) 11.2±3.5 10.7±0.1 Not found

The results are expressed as mean value ± standard deviation. (n = replicates)
a Determined by ICP–MS.
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ing analyst safety. The proposed method reduces analytical
costs and improves the timeliness of support operations for
characterization and remediation.

The analytical data obtained enabled comparison of this
method results with those involving expensive instrumen-
tation. Our method seems to be an alternative to classical
radiometric or ICP detection for determination of uranium
(VI) and achieves similar limits of detection.

With the proposed method it is possible to analyze
uranium(VI) in drinking waters achieving the limit level
established by the European Union.

The hyphenated, fully automated method developed
enables analysis of environmental samples with high variabil-
ity in uranium(VI) concentration. Moreover this method has
several advantages such as simplicity, sensitivity, selectivity,
low operational cost, versatility, repeatability, and robustness.
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