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a  b  s  t  r  a  c  t

A  procedure  for  the  determination  of  inorganic  arsenic  (III,  V) and  antimony  (III,  V)  in water  samples  by
using  a  miniaturized  solid-phase  extraction  with  carbon  nanotubes  followed  by electrothermal  atomic
absorption  measurement  is  proposed.  The  trivalent  species  are  first  complexed  with  ammonium  pyrro-
lidinedithiocarbamate,  next  retained  in  a mini-column  containing  nanotubes  and  then  eluted  by  means
of  a  plug  of  an  ammonia  solution.  The  atomizer  is  impregnated  with  a tungsten  salt  which  acts  as  an  effec-
tive  chemical  modifier  during  the  heating  cycle.  Total  inorganic  arsenic  and  antimony  are  determined
eywords:
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TAAS

after  the  reduction  of  the  pentavalent  forms  with  an  ammonium  iodide  solution.  Pentavalent  arsenic  and
antimony  are  calculated  by  difference.  When  using  50 mL  sample  solutions,  the  limits  of  detection  are
0.02  and  0.05  �g L−1 for  As and  Sb,  respectively,  and  the  enrichment  factor  is 250.  The  relative  standard
deviations  calculated  for five  determinations  at the  1 �g  L−1 level  are  below  4%.

© 2011 Elsevier B.V. All rights reserved.

ater  samples

. Introduction

Arsenic and antimony are present in waters at very low con-
entrations as inorganic compounds, and their determination is a
ubject of practical relevance. In addition, and because of the differ-
nt toxicity of the trivalent and pentavalent forms, the convenience
f a reliable, relatively simple procedure allowing the speciation of
he two oxidation degrees is evident. The goal can be achieved by
sing chromatographic techniques coupled to specific detectors,
ut non-chromatographic procedures [1] represent an interesting
lternative choice without the need of expensive instrumentation.
n any case, and due to the extremely low concentrations to be

easured, a preconcentration stage is commonly used.
Solid-phase extraction (SPE) has repeatedly proven to be a suit-

ble way for preconcentrating analytes, and the use of carbon
anotubes (CNTs) for SPE purposes has aroused increasing interest
s has been shown in recent reviews [2–6]. Most of the applica-
ions refer to organic analytes [7–13] but CNTs can also be applied
or the case of inorganic ions [14,15]. For this purpose, in some of
he procedures up-to-date reported, CNTs are first functionalised
y treatment with oxidizing agents [16–18], while some authors

ave suggested functionalization by means of organic reagents
19–24] or mixing with other sorbents [25]. After the precon-
entration stage, inductively coupled plasma mass spectrometry

∗ Corresponding author. Tel.: +34 868 887406, fax: +34 868 884148.
E-mail  address: hcordoba@um.es (M.  Hernández-Córdoba).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
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(ICP-MS) is a suitable technique for the final measurement of inor-
ganic species [18,24,26]. Atomic fluorescence spectrometry (AFS)
has also been proposed for the determination of bismuth [27],
lead [28] and mercury [29], while electrothermal atomic absorp-
tion spectrometry (ETAAS) has been used for the determination
of tin [30], chromium [31], copper [32], thallium [33], vanadium
[34] and cobalt [35]. In the particular case of arsenic and anti-
mony, CNTs have been used for preconcentration purposes as a
previous stage for AFS [19,36] or ICP-MS measurement [37]. The
determination of arsenic in waters by means of its extraction with
an ammonium pyrrolidinedithiocarbamate (APDC)-modified acti-
vated carbon mini-column followed by ETAAS measurement has
also been reported [38].

In this work, a procedure allowing inorganic arsenic and anti-
mony to be speciated in waters is reported. The procedure uses
APDC as the complexing agent in order to the trivalent complexes
be retained in a CNTs-containing mini-column, and is based on
our previous work [39] that proved the advantages of using a
permanent chemical modifier when dealing with the ETAAS deter-
mination of arsenic and antimony.

2. Experimental

2.1. Instrumentation
A  model 800 atomic absorption spectrometer (Perkin-Elmer,
Shelton, USA) equipped with a Zeeman-effect background correc-
tion device, a transversely heated graphite tube atomizer (THGA)



I. López-García et al. / Talanta 86 (2011) 52– 57 53

Table 1
Instrumental parameters.

Instrumental parameters Arsenic Antimony

Lamp current, mA 380 (EDL) 20 (HCL)
Wavelength, nm 193.7 217.6
Bandwitdth,  nm 0.7
Atomizer  type Platform
Injected sample volume, �L 20
Chemical modifier W (permanent modifier)
Background  correction Zeeman
Furnace heating program

Step Temperature, ◦C Ramp, s Hold, s

1: Dry 80 1 30
2:  Pyrolysis 400 15 20
3: Atomizationa,b 2000 0 4
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Table 2
Temperature programme for conditioning the graphite atomizers after the treat-
ment with sodium tungstate.

Step Temperature, ◦C Ramp, s Hold, s

1 120 1 120
2 200 5 120
3 1200 5 30
a Flow of argon stopped.
b Reading step.

nd an AS-800 autosampler were used. Pyrolytic graphite platforms
nserted into pyrolytically coated tubes were obtained from the
ame manufacturer (part number B050-4033). Argon was the inert
as, the flow rate being 250 mL  min−1 during all the stages except
or atomization, when the flow was stopped. Measurements were
arried out using an arsenic electrodeless discharge lamp and an
ntimony hollow cathode lamp (Perkin–Elmer) as the radiation
ources. The instrumental parameters are summarized in Table 1.

.2. Reagents

All  the solutions were prepared with pure water (18 M� cm)
btained with a Millipore system (Millipore, Bedford, MA,  USA).
o decrease the risk of contamination, no glassware was  used,
nd plastic (polypropylene) vessels were used exclusively. The
lasticware was washed with 1% (v/v) concentrated nitric acid
olution and then rinsed with water before use. The arsenic (III)
nd (V) standard solutions (1 g L−1) were prepared from As2O3
nd Na3AsO4·12H2O (Fluka, Buchs SG, Switzerland), respectively.
he antimony (III) and (V) standard solutions (1 g L−1) were pre-
ared by dissolving in water appropriate amounts of potassium
ntimonyl tartrate and potassium pyroantimonate (Fluka), respec-
ively. Working standard solutions were obtained by appropriate
ilution of the stock standard solutions. The 0.1 mol  L−1 ammonium
yrrolidine dithiocarbamate (APDC) solution was prepared by dis-
olving the compound (Sigma-Aldrich Chemie GmbH, Germany) in
igh purity methanol. Other chemicals used were obtained from
luka. A 0.1% (m/V) ammonium iodide aqueous solution was used
or reducing pentavalent arsenic and antimony. The multiwalled
arbon nanotubes (CNTs) were obtained of Nanocyl, Belgium (ref-
rence Nanocyl NC 7000).

.3.  Impregnation of the pyrolytic material with a tungsten salt

Impregnation was carried out as indicated elsewhere [39,40].
oth tubes and platforms were immersed in a solution containing

 g L−1 Na2WO4·2H2O and left at atmospheric pressure overnight.
ext, they were dried in an oven at 120 ◦C for 4 h and, finally, sub-
itted to a simple temperature programme (Table 2).

.4.  Preparation of the CNTs minicolumns

20 mg  CNTs were suspended in ethanol and submitted to a mild
ltrasound treatment (10 min  in a 50 W ultrasonic bath) to help dis-

ggregation. Then, by means of a peristaltic pump, the suspension
as passed through a glass minicolumn (20 mm length, 2 mm inter-
al diameter) at 2 mL  min−1, with a small amount of quartz wool
laced at the end. Once the CNTs were retained inside the column,
4a 2400 1 6

a Flow of argon stopped.

the other end was also closed by means of a small amount of quartz
wool. The column was  pre-conditioned by passing first 10 mL  of a
0.1 mol  L−1 nitric acid solution, and then pure water until no traces
of acid were detected in the liquid emerging of the column.

2.5.  Procedure

For maximum sensitivity, 50 mL  sample aliquots containing up
to 30 ng arsenic and/or 50 ng antimony were used. Nitric acid
was incorporated to give a 0.01 mol  L−1 solution, and 500 �L of
a 0.1 mol  L−1 APDC solution were also added. The resulting solu-
tion was passed through the column at 1.5 mL  min−1 by using a
peristaltic pump. Once air was passed for 2 min to remove sample
residues, the trivalent arsenic and antimony complexes with APDC
were eluted by means of a 200 �L plug of a 1 mol L−1 ammonia
solution, the liquid being collected in a vial for ETAAS measure-
ment. The heating programme recommended is given in Table 1.
The minicolumn can repeatedly be used once it is regenerated by
passing diluted (0.01 mol  L−1) nitric acid solution, and then water.
If an extreme sensitivity is not required, a 15 mL  sample volume is
recommended because of the considerable saving of time.

For  determining total inorganic arsenic and antimony con-
centrations, 0.1% m/V  ammonium iodide was incorporated to the
sample and left for 15 min  before adding the APDC solution. The
procedure was repeated, and new ETAAS measurements were
carried out which allowed As(V) and Sb(V) to be calculated by
difference.

3. Results and discussion

3.1.  Selection of the type of carbon nanotubes

CNTs were obtained of several dealers (Table 3), and a large
number of preliminary experiments were devoted to select the
most appropriate for the purpose here discussed. The literature is
controversial as regards the need of the CNTs to be functionalised
with –OH or –COOH groups for retaining inorganic species [14].
The treatment with acid solutions allows CNTs to be functionalised
mainly with –OH groups. The percentage of carboxylic acid groups
increases when the treatment includes, in addition, hydrogen per-
oxide or potassium permanganate [41]. However, such an energetic
treatment may  result in a serious damage to the nanoparticles [42],
and a milder acid oxidation treatment with the help of ultrasounds
has been recommended to avoid CNTs deterioration.

With this in mind, a large number of experiments were car-
ried out using the materials indicated in Table 3 as received, as
well as others resulting of functionalizing the MWCNTs provided
by NANOCYL. The retention of the analyte was  in each case calcu-
lated after passing standard solutions through a minicolumn filled
with the absorbent being tested. No significant differences among
the different materials were noted, being in all cases the percentage

of analyte retained within the 90–97% range. On the other hand, it
was  experimentally verified that, when using functionalised CNTs,
the elution stage required a more acidic solution than for the case of
normal CNTs. All these experiments showed that the most suitable
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Table  3
Types of nanotubes used in this work.

Trademark Web  Type Information

BAYER http://www.baytubes.com/ MWCNTs
MER http://www.mercorp.com/mercorp/ MWCNTs
NTP http://www.nanotubes.com.cn/ SWCNTs <2 nma

MWCNs 10–30 nma

40–60 nma

CHEAPTUBES http://www.cheaptubesinc.com/ MWCNTs Normal
–OH
–COOH

NANOCYL http://www.nanocyl.com/ MWCNTs
MICROPHASE http://www.microphase.jp/e index.html MWCNTs
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tion (for a 0.3 �g L−1 sample solution) was maximum until a 50 mL
volume, and then decreased for higher volumes. Additional experi-
ments were devoted to calculate the retention capacity of the CNTs
for the purpose here studied. To this effect, 0.1 g CNTs were added
ALDRICH http://www.sigma-aldrich.com/ 

a Outer diameter.

aterial for the purpose here considered were non-functionalised
WCNTs (NANOCYL), and so these were used throughout the rest

f the work.

.2.  Effect of pH

The  literature shows that there is a strong dependence of the
urface charge of the CNTs, and so of its absorbent properties, with
he pH of the solution [43]. For the case of non-functionalised

aterials,  previous reports indicate that, when metallic ions are
nvolved, the retention increases above pH 4, and is maximal at pH

 or even higher [44]. However, when complexes are involved, the
ffect of the pH is different since the stability of the ligand:metal
ompounds plays a relevant role [45].

Trivalent arsenic originates stable complexes with APDC within
 wide pH range [46], while pentavalent arsenic is not complexed.
or the case of Sb(III), stable complexes are formed at pH values in
he 0.2–6 pH range, and Sb(V) originates stable compounds even
n a 1 mol  L−1 hydrochloric acid medium. Since these values are
pproximate, and depends on the APDC concentration used [47,48],

 study was carried out in the presence of 0.001 mol  L−1 APDC. As
an be seen in Fig. 1, both As(III) and Sb(III) complexes were retained
n the CNTs mini-column even at low pHs. The results showed in the
raph indicate that it is possible to determine As(III) in the presence
f As(V). Consequently, speciation can be carried out by reducing
s(V) and repeating the measurement. In this way, the amount of

otal inorganic arsenic is obtained, and the concentration of As(V)
alculated. The same reasoning applies for the Sb(V)/Sb(III) couple.
or the rest of the experiments, a pH close to 2 was used without the
eed of a buffer solution by incorporating 0.01 mol  L−1 hydrochloric
cid to the sample solution.

.3.  Effect of other experimental variables

The effect of the APDC concentration was studied and the results
re summarized in Fig. 2. To obtain these graphs, solutions con-
aining 1 �g L−1 As(III) or 2 �g L−1 antimony (as the trivalent or
entavalent form) were used. No data for As(V) are shown since, as

ndicated, this species is not retained. A 0.001 mol  L−1 APDC con-
entration was selected as suitable.

The nature and volume of the solution to be used for the elution
tage is important in order a high preconcentration factor to be
chieved. The procedures recommended in the literature for elut-
ng APDC complexes of several metals retained in CNTs or extracted
n organic solvents use solutions containing at least 1 mol  L−1 nitric
cid. Such a high acid concentration would result in a decreased

ifetime of the pyrolytic material in the final ETAAS stage. To avoid
his, other less aggressive solutions were tested as the eluents, and
ome of the results found for the case of As(III) are shown in Fig. 3.
t is noteworthy that even using pure water the complex could be
MWCNTs
Fullerene C60

eluted. This partial elution (graph a) means a practical difficulty
since, once the sample solution is passed through the column, pure
water cannot be used as a washing solution and, for this reason,
air is recommended to remove the residues of the sample solution
remaining inside the column before elution. As can be seen in Fig. 3,
200 �l of a 1 mol  L−1 ammonia solution allowed As(III) to be com-
pletely eluted of the column. Similar results were found for the case
of the Sb(III) compound.

On  the other hand, experiments were carried out using volumes
of sample in the 10–100 mL  range, and it was  found that reten-
Fig. 1. Effect of pH on the adsorption percentage of arsenic (graph A) and anti-
mony  (graph B). Lines a and b correspond to the trivalent and pentavalent forms,
respectively.  Vertical bars show the standard deviation for three experiments.
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Table 4
Results (mean ± sd, n = 5) for the determination of As(III,V) and Sb(III,V) in aqueous
solutions.

Added, �g L−1 Found, �g L−1 Calculated, �g L−1

As(III) As(V) As(III) As(III) + As(V) As(V)

2 0 1.99 ± 0.03 2.02 ± 0.04 0.03 ± 0.05
1 1 0.96 ±  0.04 2.01 ±  0.03 1.05 ± 0.05
0.5  1.5 0.52 ± 0.02 2.00 ± 0.02 1.48 ± 0.03
0 2  0.02 ± 0.02 1.97 ± 0.04 1.95 ± 0.04
Sb(III)  Sb(V) Sb(III) Sb(III) + Sb(V) Sb(V)
4  0 3.98 ± 0.05 4.02 ± 0.05 0.04 ± 0.07
2  2 2.01 ± 0.04 3.97 ± 0.06 1.96 ± 0.07
ig. 2. Effect of the APDC concentration. Curves a, b, and c correspond to As(III),
b(III)  and Sb(V), respectively.

o 50 mL  of a 0.01 mol  L−1 APDC solution at pH 2 containing 1 mg
s(III). After stirring magnetically for 30 min, the mixture was fil-

ered and the As(III) remaining in the liquid phase was measured
fter a suitable dilution. The maximum retention capacity was cal-
ulated to be 9.1 mg  As(III) per gram of CNTs. The experiments were
epeated replacing As(III) by Sb(III) and, in this case, the retention
apacity was calculated to be 8.95 mg  per gram.

The  optimal flow-rates to be used for both the retention and
lution processes were also studied. The effect of the sample flow-
ate through the column was varied in the 0.5–4 mL  min−1 range,
nd the retention for both As(III) and Sb(III) proved independent
f this variable up to 1.5 mL  min−1. This relatively high value is
ecommended in order to pass the maximum volume of sample
hrough the column in a minimum time, and so to improve the pre-
oncentration efficiency. Only a small volume (200 �L) is required
or the elution stage, and so the flow-rate can be decreased until
.5 mL  min−1 to ensure maximum recovery of the analyte. The prac-
ical significance of these data is noteworthy. In the case of using
0 mL  sample, a preconcentration factor of 250 can be achieved, but
his requires more than 30 min  for the retention stage. From a prac-

ical point of view, since such a high preconcentration factor would
arely be required, the use of 15–20 mL  sample aliquots is recom-
ended. Because of in all cases the final volume collected from the

ig. 3. Elution profiles obtained when 30 mL  of a 1 �g L−1 As(III) solution were
assed  through the mini-column and then eluted with: pure water, acetic/acetate
uffer  or ammonia solution (lines a, b, and c, respectively).
1 3 0.99 ±  0.04 3.98 ±  0.04 2.99 ±  0.06
0 4 0.02 ±  0.03 4.01 ±  0.06 3.99 ±  0.07

column is 200 �L, this means that preconcentration factors ranging
75–100 are obtained spending a more reasonable period of time.
In addition, as indicated below, when the preconcentration factor
increases, the detection limit does not decrease at the same extent
due to the worsening in reproducibility.

3.4. Determination of pentavalent species

Since As(V) and Sb(V) do not react with APDC, total inorganic
arsenic and antimony could be determined after reducing these
species to the trivalent form. The addition of sodium thiosulphate
[39] was  found to be inappropriate because of the formation of
elemental sulphur, that has a deleterious effect on the APDC com-
plexes. Other reducing agents were tested, and ammonium iodide
proved suitable. The effect of this chemical was studied, and it
was verified that when a 0.1% m/V  concentration was  used, a 20-
min  reaction time allowed the pentavalent forms to be completely
reduced. To verify the reliability of the speciation, several solu-
tions containing mixtures of both oxidation states were prepared
and submitted to the procedure recommended. The results, sum-
marized in Table 4, showed that speciation at very low levels
was possible. A statistical study of the data by means of the non-
parametric Wilcoxon test [49] showed the absence of significant
differences at the 95% confidence level between the amounts of
analyte added and those found.

All the above described experiments were carried out using a
tungsten salt as a permanent modifier for the final ETAAS measure-
ment, as has already been recommended [39]. For comparison and
verification purposes, additional experiments were made by using
conventional chemical modification with a palladium salt instead
of the impregnation with sodium tungstate, and the advantages of
the latter were confirmed. The heating cycle to be applied was stud-
ied in the usual way, and the optimized programme was that given
in Table 1.

3.5.  Analytical figures of merit

As indicated above, the preconcentration factor achieved is a
compromise between extreme sensitivity and sampling frequency.
Calibration graphs were obtained for both analytes by using two
different volumes of the sample solution, namely 50 and 15 mL.
This means preconcentration factors of 250 and 75, respectively,
and the main analytical figures of merit are summarized in Table 5.
As can be seen, the detection limit, calculated on the basis of the
analyte concentration providing a signal equivalent to three times
the standard error of the regression line, only decreased from 0.03
to 0.02 �g L−1 when the preconcentration factor changed from 75

to 250, respectively. This is due to the decrease in reproducibility
when using large volumes of sample.

The possible interference caused by some ions commonly
present in waters was also studied. No deleterious effects were
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Table  5
Main  figures of merit.

Characteristic As(III) Sb(III)

Enhancement factor 250/75 250/75
Sample  consumption, mL 50/15 50/15
Eluent  volume, mL 0.2 0.2
Working  range, �g L−1 0.03–0.6/0.1–2 0.05–1.0/0.2–4
Limit  of detection, �g L−1 0.02/0.03 0.05/0.06
Precision  (RSD, n = 5), % 3.5/3.1 3.7/3.5
Calibration  function (5 standards, n = 3, �g L−1) Aint = 0.003 + 0.702 CAs/Aint = 0.002 + 0.213 CAs Aint = 0.002 + 0.365 CAs/Aint = 0.003 + 0.162 CAs

Correlation coefficient 0.9987/0.9991 0.9980/0.9986

Table 6
Determination of inorganic As and Sb species in water samples.

Specie Added, �g L−1 BMWa TWb TWDIOSc RWd SpWe SWf

Foundg, �g L−1 R, % Foundg, �g L−1 R, % Foundg, �g L−1 R, % Foundg, �g L−1 R, % Foundg, �g L−1 R, % Foundg, �g L−1 R, %

As(III) 0 <LOD – <LOD – <LOD  – 0.68 ± 0.04 – <LOD – <LOD –
0.5  0.48 ± 0.03 96 0.49 ± 0.03 98 0.49 ± 0.03 98 1.21 ± 0.05 106 0.52 ± 0.03 104 0.47 ± 0.03 94

As(V) 0  0.41 ± 0.04 – <LOD – <LOD – 0.79 ± 0.04 – <LOD – 0.65 ± 0.04 –
0.5  0.92 ± 0.05 102 0.51 ± 0.02 102 0.52 ± 0.04 104 1.32 ± 0.05 106 0.49 ± 0.02 98 1.17 ± 0.05 104

Sb(III)  0 <LOD – <LOD – <LOD – 0.18 ± 0.02 – 0.16 ± 0.02 – <LOD –
1.0  0.94 ± 0.02 94 1.01 ± 0.04 101 0.98 ± 0.03 98 1.15 ± 0.04 97 1.18 ± 0.03 102 0.96 ± 0.03 96

Sb(V)  0 0.21 ± 0.03 – <LOD – <LOD – 0.26 ± 0.03 – 0.12 ± 0.02 – <LOD –
1.0  1.19 ± 0.04 98 1.03 ± 0.03 103 1.02 ± 0.04 102 1.24 ± 0.04 98 1.15 ± 0.04 103 1.01 ± 0.04 101

a Bottled mineral water.
b Tap water.
c Tap water treated with domestic inverse osmosis system.
d River water.
e Spring water.
f Sea water.
g Mean ± standard deviation, n = 5.

Table 7
Comparison of some reported procedures.

Sorbent Analyte Detector EFa LOD, ng L−1 Reference

Carbon nanotubes As, Sb FI-HG-AFS 25, 24 4, 2 [36]
Eggshell As HG-AFS 33.3 1 [50]
Modified  activated carbon As ETAAS 50 50 [38]
MnO2 As HPLC-HG-QFAAS, ETAAS 17 20 [51]
Modified  Sepabeads SP 70 As HG-AAS 36 13 [52]
Ionic  exchanger As NAA – 1–16 [53]
TiO2 As ETAAS – 20 [54]
Modified  SiO2 As ICP-OES 100 50 [55]
Cigarette  filter As HG-AFS 25 1 [56]
C18 As, Sb ICP-MS 50 1–6 [57]
Immobilised  aminoacid Sb ICP-OES 11 90 [58]
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Modified  TiO2 As, Sb ICP-OES 

Carbon  nanotubes As, Sb ETAAS 

a Enrichment factor.

oted for chloride, sulphate, calcium, magnesium, sodium and
otassium even at 1 g L−1 concentrations. However, the analyti-
al signals decreased when Fe(III), Al(III) or Cr(VI) were present at
oncentrations above 2 mg  L−1. It should be noted this means inter-
erent/analyte ratios largely exceeding 1000. Consequently, when
ealing with contaminated waters, and thanks to the high sensitiv-

ty of the procedure, the interference can be overcome simply by
iluting the sample solution.

A  number of water samples were submitted to the rec-
mmended procedure. Due to the very low concentrations
nvolved, the direct comparison of the results with those found
y means of an alternative procedure was considered unreli-
ble and, for checking validity, standard additions were used
nstead (Table 6). The recovery values were in the 94–104%
ange. In addition, the slopes of the standard addition graphs

ere the same than the slopes of the calibration graphs obtained
ith aqueous standards, in this way proving the absence of a
atrix effect for all the samples considered. A comparison of

he main characteristics of the present procedure with others
10 530–710 [59]
250 20 This work

reported  in the literature, and based in a solid-phase separa-
tion, is given in Table 7. The detection limit achieved for the
procedure here reported is similar or better than those reported
by other procedures based in ETAAS or ICP optical emission
spectrometry.

4. Conclusion

Carbon nanotubes are shown to be excellent sorbents for the
APDC complexes of As(III) and Sb(III), which allows these analytes
to be preconcentrated. The conjunction of a high preconcentration
effect with a sensitive analytical technique as ETAAS results in
a highly sensitive and reliable procedure for the speciation of
low amounts of arsenic and antimony in waters. In addition to
extend the wide range of analytical possibilities offered by carbon

nanotubes, the procedure here studied represents a relatively
simple, economical and easy-to-perform alternative to other
procedures based in chromatographic techniques followed by
ICP-MS measurements.
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