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A tungsten carbide coating on the integrated platform of a transversely heated graphite atomizer
was used as a modifier for the direct determination of Se in soil extracts by graphite furnace atomic
absorption spectrometry. Diethylenetriaminepentaacetic acid (0.0050 mol L™1) plus ammonium
hydrogencarbonate (1.0 mol L~) extracted predominantly available inorganic selenate from soil. The
formation of a large amount of carbonaceous residue inside the atomizer was avoided with a first
pyrolysis step at 600 °C assisted by air during 30 s. For 20 uL of soil extracts delivered to the atomizer
and calibration by matrix matching, an analytical curve (10.0—100 ug of L) with good linear correlation
(r = 0.999) between integrated absorbance and analyte concentration was established. The
characteristic mass was ~63 pg of Se, and the lifetime of the tube was ~750 firings. The limit of
detection was 1.6 ug L=1, and the relative standard deviations (n = 12) were typically <4% for a soil
extract containing 50 ug of L=1. The accuracy of the determination of Se was checked for soil samples
by means of addition/recovery tests. Recovery data of Se added to four enriched soil samples varied
from 80 to 90% and indicated an accurate method.
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INTRODUCTION The determination of Se in plants may be used to classify a
The great interest in plant Se is due to the importance of this 9roWing soil as Se-deficient or having high levels of Se. The
element in nutrition (12). Selenium may be classified either ~Soluble fractions of soil Se is then considered to be the fraction
as essential or toxic to human and animals depending on thethat is available to plants. A close positive linear correlation
ingested amount of its compounds (3). Because the rangebetween Se in plant issues and selenate concentration in the
between essential and toxic levels of Se in human and animalsoil solution has also been reportes).(Selenium availability
nutrition is narrow 1), the accurate determination of selenium to plants can be assessed by soil extraction tests using
in samples of agricultural interest is important. Among condi- diethylenetriaminepentaacetic acid (DTPA) with ammonium
tions that may influence the translocation of Se from soil to hydrogencarbonate (5).
plants are pH, redox potential, soil composition, plant species,  Hydride generation coupled to atomic absorption spectrom-
microbial intervention, humidity, concentration and form of Se  etry, inductedively coupled plasma mass spectrometry, and
in soil, etc. @, 4)..Accord|ng to thg literature, it seems that inductively coupled plasma optical emission spectromely (
selenate (Se©") is the most mobile and soluble and least g) hag often been used to determine Se in soil extracts. On the
sorbed form of the inorganic Se species in aerated séjls ( other hand, graphite furnace atomic absorption spectrometry
. . . ) (GFAAS) is a suitable and widely used technique for the
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Table 1. Heating Program of THGA for Determination of Se in Soil Table 2. Optimized Pyrolysis/Atomization Temperatures and
Extract Characteristic Masses (mg) for Se in 0.028 mol L=t HNOs, DTPA, and
Soil Extracts
temperature time gas flow
step (°C) (ramp, hold) (s) (mL/min) modifier HNO3 DTPA soil
1 110 10, 30 250 (Ar) W-treated tube 1800/2300 °C 1800/2300 °C 1800/2300 °C
2 130 15, 30 250 (Ar) mo = 72 pg mo=71pg mo = 72 pg
3 600 10, 20 250 (air) W-treated tube + 1800/2200 °C 1800/2200 °C 1800/2300 °C
4 40 5,35 250 (Ar) Pd/Mg(NO3), mo = 61 pg mo = 56 pg mo = 63 pg
5 1800 10,10 250 (Ar)
6 2300 0,5 0 (reading)
7 2500 1,3 250 (Ar)

The thermal behavior of Se during pyrolysis and atomization stages
was investigated in diluted nitric acid and soil extract solutions using

There are several papers related to Se determination byW-treated platform and W-treated platform plus co-injection of
GFAAS in a great variety of matrices such as fruit juice (10), Pd(NG)> + Mg(NOg).. This study was made using the following
serum (11), coconut and coconut milk2), plant and animal solut!ons conta!nlng 1.0 ng of Se: (a) 0.028 molHNO;; (b) DTPA
tissues 3), sedimentsi4), water (L5), and coal fly ashesi§). solution; (c) soil extracts.
However, procedures involving direct determination of Se in Different growing soil samples were collected at farms located
soil extraycts by GFAAS using DTPA and thermal stabilization around Araraquara, S8o Paulo State, Brazil. Extraction was similar to

. . . that recommended by the literatur&d): ~10 g of dried powdered
of Se by W-treated platform are not described in the literature. 4.4 sieved (no. 20 sieve, 0.84 mm openings) soil was accurately

This study reports a simple and fast method for the direct \yeighed and mixed with 20 mL of DTPA solution in 125 mL flasks.
determination of Se in soil extracts by using GFAAS with a After 5 min of extraction in a mechanical shaker, the extract was filtered
transversely heated graphite atomizer (THGA) and longitudinal through Framex filter paper (1500 s). A volume of 20 of this final
Zeeman-effect background correction. Tungsten was proposedsolution was directly injected into the graphite tube.

here as a permanent chemical modifier to improve THGA

lifetime. RESULTS AND DISCUSSION

Electrothermal Behavior of Selenium.All measurements
were initially carried out according to the conditions recom-

Instrumentation. A Perkin-Elmer SIMAA 6000 simultaneous mended by the manufacturer_ Although GFAAS W|th Zeeman_
multielement atomic absorption spectrometer with longitudinal Zeeman- offact background correction presents a potential to direct
effect background correction, a THGA, and an AS-72 autosampler were determine Se at trace levels in soil extract, a large amount of

used. A Perkin-Elmer electrodeless discharge lamp (EDL) was used carbonaceous residue was generated after a few firinas. impair-
for the determination of Se at the analytical wavelength recommended . 9 gs, Imp

by the manufacturer (196.0 nm; st 0.7 nm) and lamp current of 12 NG the performapce of the atomic apsorption spegtrometer. Thjs
mA. Argon (White Martins) of 99.999% purity and synthetic air (White ~drawback was circumvented by using an air-assisted pyr(_)IyS|s
Martins) with 20.0+ 0.5% (v/v) oxygen and 80.& 0.5% (v/v) nitrogen  Step at 600C for 30 s (step 3 of the heating program described
were used as auxiliary gases during the pyrolysis step. The experimentdn Table 1) in order to determine Se in soil extracts without
were carried out under STPF conditiods). The heating program of ~ previous dilution. Pyrolysis and atomization curves were
the THGA atomizer used for the determination of Se in soil extract is employed to determine the optimum pyrolysis and atomization
shown inTable 1. . . o temperatures for Se in diluted nitric acid, DTPA, and soil extract
izeﬁeig‘f::séggifﬁ;”%‘; Su‘;'ilr‘]téogsv N"?‘iﬂid Qsavﬂgﬁgﬁffr}ﬁﬁz:?égeggiem solutions using a W-treated platform with and without co-
Millipore) was used throughout. To prepare the W-treated platform, a 'TJecton of PA(NQ), + Mg(NOx). All results were based on
(1.0 gpol)W solution was gLsed by dﬁssglving 0.1794 g ofE«@- pe_ak area measu_rements a_nd are_ summarizéahie 2. For. .
2H,0 (Merck) in 100 mL of water. The coating and thermal treatment this study, all m_ed'a Wer_e_ spiked with 1.0_r_lg_ of Se. The_posmve
of the tube were performed according to Lima and co-worke. ( effects of chemlcal modifier on both sensitivity and stabilization
Experiments involving thermal stabilization of Se in the presence of Of analyte in the presence of soil extract were relevant. For
palladium nitrate and magnesium nitrate as chemical modifiers were comparison purposes, the recommended PdMg(NOs),
also carried out. Solutions containing 1 g of Pdtland 1 g L' Mg mixture was employed as a conventional chemical modifier.
solutions were prepared by appropriate dilution of 10°gfd (Perkin- For Se determination in soil extracts, the optimized heating
Elmer part no. BO19-0635) and 10 g1 Mg (Perkin-Elmer part no. program of the atomizer with two pyrolysis steps is summarized
Boﬁhgéog?‘r‘é):t:glﬁ 1:?(?:1Ut(lg.r1()5650 mol 1) was weekly prepared by in Table 1. It should be mentioned that measurements of atomic
appropriate dilution of the reagent (Acros Organics) in 1.0 mdl L signals injecting the mixture Pd(Nj2 +_Mg(N03)2 or_1to the
ammonium hydrogencarbonate (Merck). The pH was adjusted to 7.6 W-treated platform_ of the THGA atomlger leaq to integrated
with ammonium hydroxide (Merck). This solution was used for Se aPsorbance 30% higher than those obtained without Pd/Mg co-
extraction studies from soils. injection. Although W-treated platform with or without Pd/Mg
Stock standard solutions (1000 mg of Sel).were prepared by  Co-injection stabilized Se up to 180, only the W-treated
dissolving 0.2190 g of N&eQ (Synth) or 0.2392 g of N&eQ (Carlo platform permanent modifier was selected in this work for
Erba) in 100 mL of water. All reference solutions (10, 25, 50, 75, and further experiments because it gave similar characteristic masses
100ug of Se L) were daily prepared by diluting the sodium selenate (my, Table 2) and lower background signals. The atomization
stock solutions in 0.028 mol1* Suprapur grade nltrlc_ acid (Merck) temperature obtained with permanent modifier plus Pd
and DTPA solution. For each measurementyu20of soil extracts or Mg(NOs), co-injected was 2306C for Se in soil extract.

reference solution was directly delivered to the atomizer platform. For Matrix Effects. Matrix effect luated b .
thermal stabilization studies involving Pd/Mg, 24 of sample or atrix £fiects. Matrix effects were evaluated by comparing

reference solution was injected into the atomizer followed by Bf the slopes of analytical curves built up from different media:
1 g L"* palladium solution plus &L of a 1 g L magnesium chemical ~ 0-2% (v/v) HNG;, DTPA solution, and soil extracts. These

modifier solution. All measurements of integrated absorbance were media were spiked with Se to produce a calibration curve in
made at least in triplicates. the 10—100ug L~ concentration range. Despite good linear

MATERIALS AND METHODS
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0.15 concentration was varied from 0.0025 to 0.0050 nmol, labove
which the percentage of extraction became constant. The
extraction of selenite from soil was too low{0%). According

to the literature, this may occur because $e@ more strongly
adsorbed than Se® species to clay particles of soil (4).
Selenium availability to plants has been assessed by soil
extraction tests using DTPA in slightly alkaline medium (5),
and the percentage of extraction obtained was similar to those
found in this work. In another study a linear correlation between
Se in plant issues and selenate concentration in the soil solution
was observed (20).

Because integrated absorbance and background signals did
not alter significantly with increased DTPA concentration, the
extractor concentration selected for further experiments was
0.0050 mol 1. The influence of shaking time on extraction
of Se was investigated in the-%0 min interval. The percentage
of Se extracted increased steeply with time up to 5 min, above
which recoveries became constant. Shaking time was then fixed
at 5 min, which extracted~90% of Se. Although it is a
semiquantitative analysis, the proposed procedure can be used
as a good tool for fast estimation of Se in soil.

Analytical Characteristics. The performance of the devel-
1 2 3 4 oped procedure was assessed by determining Se in four enriched
Time, s soil samples. With calibration of the method by matrix matching

Figure 1. Absorbance—time profiles for Se determination. AA and BG approach, recoveries within 8®0% for spiked samples were
represent atomic absorption and background signals, respectively. Signals found. The limit of detection (LOD) was 149 L™* (32 pg of
correspond to 20 xL of soil extract containing 50 g of Se L~! using Se), and the relative standard deviation waé% after 12
W-treated THGA atomizer with (A) and without (B) 5 ug of Pd plus 3 ug consecutive determinations. The long-term stability curves for
of Mg(NOs), co-injected. untreated and W-treated platform were investigated for 1.0 ng
of Se in soil extract. Using permanent modifier, the lifetime of
correlation coefficientsrf) between integrated absorbance and the graphite tube was equivalent +/50 firings. This was 3
analyte concentrations (0.9987, 0.9974, and 0.9999), the slopesimes higher than the lifetime obtained for untreated platform
of analytical curves for these media were 2:33.0°3, 2.00 x using only Pd+ Mg(NOs),. A new coat of the platform with
1073, and 1.89x 10 3. The data show appreciable matrix effects W permanent modifier should be made after 200 consecutive
mainly for soil extracts. Errors associated with absorbance firings. However, it is good practice to set an acceptable relative
measurements of Se in soil extract using the end part of the standard deviation threshold before the platform coating is
calibration curve from aqueous reference or DTPA solutions renewed. It should be stressed that small variations in sensitivity
were around 22 and 10%, respectively. Therefore, it was decidedduring W-treated THGA firing were observed as compared with
to investigate the possibility of using the matrix matching untreated THGA tubes with Pd/Mg modifiers. In addition to
method for calibration Using soil extract. The influence of modification propertiES, the tungsten carbide or Oxycarbide
different soil matrices on sensitivity was also investigated by coating of the platform presents a high chemical resistance that
building up four curves from different soils. Each soil extract helps to protect and lengthen the lifetime of the THGA tube.
was spiked with Se to produce a calibration curve in the 10 In conclusion, this work presents a new strategy for the direct

100 ug qf L™ range. Good linear correlation coefficjents determination of Se in soil extract samples by GFAAS.
between integrated absorbance and analyte concentration Wer%omparative results and recovery values of spiked samples

obt_alned. Slightly multlpllc_atlve matrix effects were observed indicated that the matrix matching and W-treated platform of
as it was found that all soil extracts behaved similarly, or else the THGA atomizer were suitable to determine Se in soil
the curves presented similar slopes. However, the errors usingR data f st f iched soil les indicate (b .t
any calibration curve generated by matrix matching €880, ecovery data Irom just four enricned solf samples indicate ( u
which are reasonable and admissible for soil analysis for Se. .do not prove) an aCCL."aFe methoq. The W permanent modifier
Figure 1 shows typical absorbance and background signals !mproveq the THGA lifetime, leading to a substantial decrease
profiles for 1.0 ng of Se in N)HCO3;—DTPA extracts using in analytical costs.
W-treated platform with or without P¢t Mg(NOs3), co-injected.
As similar atomic signal profiles for Se were obtained, it can LITERATURE CITED
be considered that the W coating acted as an effective modifier
for Se in the sample matrix.

Extraction of Selenate and Selenite Species from Soithe
effect of the concentration of DTPA on the efficiency of
extraction and atomic and background signals were investigated

0.10

Absorbance

0.00

0.10 1

Absorbance
o
[=]
h

0.00

(1) Rayman, M. Se brought to eartBhem. Br.2002,10, 28-31.

(2) Kabata-Pendias, A.; Pendias, Hrace Elements in Soil and
Plants; CRC Press: Boca Raton, FL, 1985.

(3) Haygarth, P. M. IrBelenium in the Erironment; Frankenberger,
W. T., Berson, S., Eds.; Dekker: New York, 1994.

in the concentration range 0.0026.010 mol L"*. Different (4) Alloway, B. J. Heavy Metal in Soil Blackie Academic and
soil samples were artificially contaminated and used as Se- Professional: London, U.K., 1989.

enriched soil samples by adding 10 mL of a 1.0 md selenate (5) Soltanpour, P. N.; Workman, S. M. Use of BH#CO;—DTPA

or selenite solution to 50 g soil samples. The efficiency of soil test to assess availability and toxicity of selenium to alfalfa

extraction of selenate increased from 68 to 85% when the DTPA plants.Commun. Soil Sci. Plant Anal980,11, 1147—1156.



Fast Estimation of Se Content in Soil J. Agric. Food Chem., Vol. 51, No. 14, 2003 3923

(6) Soltanpour, P. N.; Schwab, A. P. A new soil test for simultaneous drinking water by GFAAS with transversely heated graphite
extraction of macro- and micro-nutrients in alkaline soil. atomizer and longitudinal Zeeman-effect background correction.
Commun. Soil Sci. Plant Anal977,8, 195—207. At. Spectrom2002,23, 7—11.

(7) Jackson, K. W.Electrothermal Atomization for Analytical (16) Garcia-Olalla, C.; Robles, L. C.; Alemany, M. T.; Aller, A. J.
Spectrometry; Wiley: Chichester, U.K., 1999. Determination of selenium in coal fly ashes by graphite furnace

(8) Butcher, D. J. Sneddon, J. Sample preparation and introduction. atomic absorption spectrometry using a cadmiiypalladium
In A Practical Guide to Graphite Furnace Atomic Absorption chemical modifierAnal. Chim. Actal991,247, 19-25.
Spectrometry; Wiley: New York, 1998. (17) Recommended Conditions for THGA FurnacBerkin-Elmer

(9) Welz, B.; Sperling, MAtomic Absorption Spectromefidrd ed.; Publication B3110.06; Perkin-Elmer Instruments: Shelton, CT,
Wiley-VCH: Weinheim, Germany, 1999. 1991.

(10) Liu, Y.; Gong, M.; Li, B.; Xu, Z.; Lin, Y. Direct determination (18) Lima, E. C.; Krug. F. J.; Jackson, K. W. Evaluation of tungsten
of selenium in a wild fruit juice by electrothermal atomic rhodium coating on a integrated platform as a permanent
absorption spectrometryralanta1996,43, 985—989. chemical, modifier for cadmium, lead, and selenium determi-

(11) Chen, W,; Yen, C.; Wei, B.; Hu, C.; Yu, J.; Chung, C.; Kuo, S. nation by electrothermal atomic absorption on spectrometry.
Direct determination of selenium in serum by eletrothermal Spectrochim. Acta Part B998,53, 1791—1804.
atomic absorption spectrometry using automated ultrasonic slurry  (19) Abreu, C. A.; Abreu, M. F.; Soares, L. H.; Andrade, J. C. The
sampling.Spectrochim. Acta Part B998,53, 131—-138. effects of the DTPA extraction conditions on the determination

(12) Aleixo, P. C.; Nobrega, J. A.; Santos, D. J.; Muller, R. C. S. of micronutrients in Brazilian soilsCommun. Soil Sci. Plant
Determingaéo de selénio em agua de coco e em leite de coco Anal. 1997,28, 1-11.
utilizando espectrometria de abs@ocatémica com atomizao (20) Sharmasakar, S.; Vance, G. F. Extraction and distribution of soil
eletrotérmica em forno de grafitQuim. Noa2000,23, 310 organic and inorganic selenium in coal mine environments of
312. Wyoming, USA.Environ. Geol.1997,29, 17-22.

(13) Chen, X.; Marshall, W. D. Enzymatic digestion-pressure ho-
mogenization prior to slurry introduction graphite furnace atomic - - - - -
absorption spectrometric for selenium determination in plant and Received for review December 23, 2002. Revised manuscript received
animal tissuesJ. Agric. Food Chem1999,47, 3727—3732. April 4, 2003. Accepted April 6, 2003. We thank Fundaéo de Amparo

(14) Barbosa, F. J.; Lima, E. C.; Krug, F. J. Determination of arsenic a Pesq“is"’_‘ do Esta,dO,de SrPaulo (FAPESP)' Conselho Nacional _de
in sediment and soil slurries by electrothermal atomic absorption Pesenvolvimento Cieriiico e Tecnolgico (CNPq), and Coordenadoria
spectrometry using WRh permanent modifierAnalyst2000, de Aperfeicoamento de Pessoal de Mel Superior (CAPES) for financial
125, 2079—2083. support and fellowships.

(15) Filho, V. R. A,; Fernandes, K. G.; Moraes, M.; Gomes Neto, J.

A. Simultaneous determination of As, Cu, Mn, Sb and Se in JF0212439




