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Abstract

This work shows the potentiality of As as internal standard to compensate errors from sampling of sparkling drinking water samples in
the determination of selenium by graphite furnace atomic absorption spectrometry. The mixturg)2BMIMOs), was used as chemical
modifier. All samples and reference solutions were automatically spiked witing0G As and 0.2% (v/v) HN@ by the autosampler,
eliminating the need for manual dilutions. For1Ddispensed sample into the graphite tube, a good correlatiend.9996) was obtained
between the ratio of analyte absorbance by the internal standard absorbance and the analyte concentrations. The relative standard deviati
(R.S.D.) of measurements varied from 0.05 to 2% and from 1.9 to5% 12) with and without internal standardization, respectively. The
limit of detection (LD) based on integrated absorbance wag.810® Se. Recoveries in the 94-109% range for Se spiked samples were
obtained. Internal standardization (IS) improved the repeatability of measurements and increased the lifetime of the graphite tube in ca. 15%
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction or more elements used as internal standards to all blanks,
reference solutions, and samples. For elements similarly af-
Flame (FAAS) and electrothermal (ETAAS) atomic ab- fected by changes in experimental conditions, use of the ra-
sorption spectrometry are considered well-established ana+io of the analyte signal to the internal standard signal may
lytical techniques and have been used in large-scale routinecompensate variations in the single signal of the analyte.
analysis[1,2]. Nevertheless, the quality of results can be  Aqueous, organic, emulsion or slurry samples presenting
usually impaired by random and systematic erfgis heterogeneous characteristics may change the amount of an-
Internal standardization (IS) is an attractive, simple, and alyte inside the pipette of auto sampler of spectrometer. So,
efficient strategy to compensate errors in atomic absorptionthe mass of analyte dispensed into the atomizer will change
spectrometry{4]. In a recent review5], 11 articles were  accordingly to the portion of the sample volume. As a conse-
found on applications of IS in AAS for different matrices, quence, the repeatability and/or accuracy of measurements
including steel6], zinc die cas{7], steel, steel alloys, and  may depreciate. These drawbacks may be efficiently circum-

cement[8], steel, steel alloys, blood, and cemg8}, nat- vented by adopting IS.

ural waters[10], serum[11], blood[12], blood, urine, and The benefits of internal standardization to compensate er-
placentg13], wines[14]. From these, only three papers are rors due to difficult sampling are illustrated here for samples
related to GFAAS9,10,14]. containing high amount of gaseous bubbles. As example,

The fundamental principle of IS in chemical analysis is arsenic was evaluated and used as internal standard for sele-
based on the addition of a known and fixed amount of one njum determination in sparkling drinking water samples by
graphite furnace atomic absorption spectrometry. The per-
* Corresponding author. Tek55-16-2016611; faxs- 55-16-2227932.  formance of the proposed method was checked after analyz-
E-mail addressanchieta@iqg.unesp.br (J.A.G. Neto). ing a sort of sparkling drinking water samples.

0039-9140/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2004.02.032



A.P. Oliveira et al./ Talanta 64 (2004) 334-337 335

Table 1
Heating program of the graphite tube atomizer

2. Experimental

2.1. Instrumentation Step Temperature’C) Time (s) Ar flow (mlmin—1)
. . . Ramp Hold
A Perkin-Elmer SIMAA-6000 simultaneous multiele-
ment atomic absorption spectrometer with a longitudinal * 110 1 30 250
. ; 130 15 30 250
Zeeman-effect background correction system, equipped 1200 10 20 250
with a transversely-heated graphite atomizer, THGA, 4 2100 0 5 0 (read)
(Perkin-Elmer Part No. BO 504033) and an AS-72 au- 5 2550 1 3 250

tosampler were used. Electrodeless discharge lamps (EDL)
were used for As (193.7 nm and slit 0.7 nm; Perkin-Elmer
Part No. N 3050605) and Se (196.0nm and slit 0.7 nm;
Perkin Elmer Part No. N 305-0572), respectively, and they This program was used to study the electrothermal behav-
were operated according to the conditions recommended byior of Se and As by means of pyrolysis and atomization
the manufacturer. Atomic signals were measured in peaktemperature curves. This study employed the following
area mode. The EDL lamps were operated applying 380 solutions: aqueous solutions containingi2pl~ Se plus

and 290 mA for As and Se, respectively. High-purity argon 10pgl~* As in 0.2% (v/v) HNQ, sparkling drinking wa-
(99.999%, White Martins, Brasil) was used as the purge ter spiked with 23.g1~1 Se plus 1Qugl~t As in 0.2%

gas. It should be pointed out that the experiments were car-(V/V).

ried out using the stabilized temperature platform furnace  The influence of variation of the injected sample volume
(STPF) conditiong2] including Zeeman-effect background —on the absorbance signals of Se and As was investigated by
correction. dispensing 5, 10, 15, and 20 of sample (25.g1~* Se and
10pg =1 As) plus 8ul of modifier into the atomizer.

The influence of the abrasion of the graphite tube plat-
form on integrated absorbance of Se and As was studied by
successive absorbance measurements gfg25! Se and
10u.g1~t As in sparkling drinking water in 0.2% (v/v) nitric
acid until the rupture of the tube.

The influence of the sample matrix on Se and As ab-

Reference solutions were daily prepared by dilution of sorbance signals was investigated by evaluating the accu-
the 1000 mgt! Se and As stock solutions (Nornf&xCarlo racy and the precision of addition-recovery experiments and
Erba). All samples and reference solutions were automati- analysis of ten sparkling drinking water samples with and
cally spiked with 1Qug |~ As and 0.2% (v/v) HN@ by the without IS. All samples were spiked with 25 1-! Se and
autosampler, eliminating the need for manual dilutions. 500ung I~ As and three replicates were performed for each

The autosampler washing solution was composed by 0.1%sample. The absorbance signal corresponding to each orig-
(v/v) of Triton® X-100 in 0.2% (v/v) HNQ. Chemical mod- inal sample was adopted as the blank. It should be men-
ifier solutions of 0.1% (m/v) Pd and 0.1% (m/v) Mg(N@ tioned that although Se concentration is usually lower than
were applied, both prepared from 1% (m/v) stock solutions limit of detection for most samples, sparkling waters were
(Perkin-Elmer Part No. BO 190635, Pd; Perkin-Elmer Part only the type of samples selected to illustrate errors by
No. BO 190634, Mg). sampling difficult samples by the auto sampler of the AA

Sparkling drinking water samples were purchased at a Spectrometer.
local market in Araraquara city, Sdo Paulo State, Brazil.

2.2. Reagents, reference solutions, and samples

High-purity de-ionized water (resistivity 18.2 Mgkn) ob-
tained using a Milli-Q system (Millipore) was used throug-
hout. All solutions were prepared with SupraPugrade
(Merck) nitric acid.

2.3. Selected parameters for evaluating internal 3. Results and discussion
standardization performance
3.1. Electrothermal behaviors of selenium and arsenic

As palladium nitrate plus magnesium nitrate is the

combined modifier recommended for several analytes in
different matriceq15], the electrothermal behavior of Se
and As were investigated in 0.2% (v/v) HNQvith and
without 5ug Pd plus 3.g Mg. For each measurement,
10wl of the reference or sample solutionub Pd, and
3ul Mg solutions were sequentially dispensed into the

The electrothermal behavior of As and Se in diluted nitric
acid (0.028 molt1) and sparkling drinking water without
modifier and in the presence of the mixture Pd@plus
Mg(NOs3), was evaluated. The amount of modifienu® Pd
plus 3ug Mg) was added to a 30l sample volume. Pyroly-
sis and atomization curves were employed to determine the

tube. Three replicates of each reference solution and sam-optimal pyrolysis and atomization temperatures with and
ple were carried out. The optimized heating program used without modifiers. For this study, 0.028 mofi HNO3 solu-

for simultaneous measurements is presentedahle 1.

tion and sample were spiked with 251~ Se and 2jug |1
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Fig. 1. Effect of the sample matrix on absorbance for Se and As, and cor- Fig. 2. Effect of the graphite tube abrasion on gpsorbarlce. Integrated
rected curve by internal standardization (Se/As). Spike signals in sparkling absorbalnce refers to a reference 30|U_t|0n containinggd5* Se and
mineral water refer to 2ag |~ Se and 1QugI~! As. 10pgl™ As in diluted gas water (% 1) in 0.2% (v/v) HNQ.

As. The mixture Pd/Mg was a good modifier to thermal
stabilization of As and Se up to 1600 and 14Q0) respec-
tively. It should be pointed out that absorbance for selenium
abruptly drops for temperatures greater than 1400The
selected pyrolysis temperature may be lower than 2@00
in order to avoid Se losses when small variations in the py-
rolysis temperature occur. Hence, 12@was the pyrolysis
temperature selected for further experiments. The atomiza-3.4. Effect of the graphite tube abrasion on the absorbance
tion temperatures for As and Se in acidified water sample signals
(0.028 mol 1 HNO3) were within 2000-22006C. In this in-
terval best signal profile and repeatability of measurements ~ Successive firings of the graphite tube cause abrasion of
were obtained. So, the atomization temperature was fixed atthe surface. Among disadvantages of the tube deterioration
2100°C. are shorter lifetime, poor peak profile, and unsuitable sen-
sitivity, accuracy, and precision. It is a good practice to re-
3.2. Effect of sample matrix on the absorbance signals of place the tube when either the integrated absorbance value
Se and As falls ca. 20% below the original value or the relative stan-
dard deviation is higher than 10%. Successive simultaneous

The correlation between Se and As absorbance associateff'€asurements of absorbance of Se and As could be done up
to different sparkling drinking water samples is shown in {0 ca. 600 firings without adopting the internal standardiza-
Fig. 1. Signals correspond to the samples spiked with 25 tion approach for corrections (Fig. 2). However, the lifetime
and 10ugl-! Se and As, respectively, and simultaneous ©°f the tube was extended to 850 firings when the measure-

1 Lt A . - - .
detection of both elements. It was observed that the behaviormeom_S were based on the raﬁe/A °. This implies in a
of the absorbance for Se and As varied similarly for different 40% increase of the tube lifetime.
samples. This suggests the feasibility of the use of arsenic
as internal standard for Se (or vice-versa). 3.5. Figures of merit

be corrected by using internal standardization. Typical rela-
tive standard deviations (R.S.D.) of 20 successive measure-
ments based on integrated absorbance observed for 25 and
10pg =1 Se and As in drinking water with and without in-
ternal standardization varied up to 2 an8%, respectively.

3.3. Effect of variation of the injected sample volume Accuracy and precision studies were carried out using
addition-recovery tests for 10 sparkling drinking water

Taking into account the influence of the variation of the samples. Selenium determinations in water samples carried
injected sample volume on the repeatability of absorbanceout with and without internal standardization are shown in
signals, measured absorbance of Se and As increased profable 2. Applying a paired-test it was observed that all
portionally with injected sample volume (5—g0 of a refer- results are in agreement at a 95% confidence level. It is in-
ence solution containing 25 and 1§ 1~ Se and As, respec-  teresting to point out that relative standard deviations were
tively. When internal standardization was applied, the ratio 0.05 to 2.0% and 1.9 to 5.0% with and without internal
ASEAAS was independent of the injected volume. As a con- standardization, respectively @ 12, sample spiked with
sequence, sampling of gaseous bubbles together with aque25ug1~! Se). Good recoveries (94—109%) for Se spikes
ous phase by the mechanical pipette of the auto sampler carwere obtained.
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Table 2 mento Cierifico e Tecnologico (CNPq) for fellowships to
Comparative recovery resulte & 3) for sparkling water samples with JA.G.N.. JAN.. and PV.O.
and without IS ' '

Sample  With IS Without IS

Recovery (%) R.SD. (%) Recovery %) RSD. (%) References

; 188 (1)25 133 gg [1] D.J. I_3utcher, JA Sneddon, A Practical Gui_de to Graphite Furnace
3 97 1'3 97 5'0 Atomic Absorption Spectrometry, vol. 149, first ed., John Wiley &
4 94 2'0 80 2.8 Sons, New York, :I_.998, pp. _3—25. _ _
5 109 0.8 93 2'5 [2] B..Welz, M. Sperlmg, Atomic Absorption Spectrometry, third ed.,
6 103 1'0 100 1'9 Wiley-VCH, Weinheim, 1999, Pp- 1-56. o

) ) [3] D.A. Skoog, F. James, T.A. Nieman, Principles of Instrumental

Analysis, sixth ed., Saunders College, New York, 1998, pp. 632—
. 634.

4. Conclusions [4] W. Gerlach, E. Schweitzer, Foundations and Methods of Chemical

Analysis by Emission Spectrometry, 12th ed., Voss, Adam Hilger,
Internal standardization can be an alternative tool to solve, London, 1929, p. 675.
or circumvent to some extent, problems of sampling associ- [5] K.G. Fernandes, J.A.G. Neto, M. Moraes, J.A. N6brega, P.V. Oliveira,

: . : . im. Nova 26 (2003) 249.
ated to heterogeneous solutions (in this case, solutions con- Quim . .
9 ( [6] L.R.P. Butler, A. Strashein, Spectrochim. Acta 21 (1965) 1207.

taining high concentrations of gases). In spite of the aspect (71 g smith Jr, J.A. Blasi, F.J. Feldman, Anal. Chem. 40 (1968)
that the selection of an internal standard is not trivial, the 1525.
use of internal standardization to minimize random and sys- [8] F.J. Feldman, J.A. Blasi, S.B. Smith Jr., Anal. Chem. 41 (1969)
tematic errors and improve the performance of simultaneous _ 1095.

; [9] F.J. Feldman, Anal. Chem. 42 (1970) 719.
AAS teChmqueS (SIMAAS) can be advantageous. [10] T. Takada, K. Nakano, Anal. Chim. Acta 107 (1979) 129.
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