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The pre-reducing agents for Se speciation analysis were subject to optimize under the online reduction conditions of flow injection-hydride generation atomic absorption spectrometry
using 2 M HCl as a carrier solution and 0.3% (w/v) NaBH4 in 0.2% (w/v) NaOH as a reducing
agent. For total Se, the pre-reduction of Se6+to Se4+must be completed when optimizing the prereducing conditions using (i) conc. HCl, (ii) 5% (w/v) KBr/conc. HCl, (iii) 15% (w/v) KBr/
dilute HCl and (iv) 10% (w/v) thiourea/conc. HCl, under heating for 30 min to overcome their
matrix effects on the calibration curve using either Se4+ or Se6+ as standard compound. From
the results, all of these pre-reducing agents, except that in the presence of thiourea interfered
only the calibration curve using Se4+, could be used with both Se species as expressed in terms
of their conversion factors of 98-116% and 81-103% for Se4+ and Se6+, respectively. The linear
range was obtained between 5-25 µg/L with 0.5 µg/L LOD and 2 µg/L LOQ. The optimal prereducing agent was applied for real tomato varieties, resulting in almost satisfactory recoveries
(75.6-115.9%). The Se contents in these samples were found to be 0.07-0.10 µg/g, 0.43-0.92
µg/g and 0.50-0.99 µg/g for Se4+, Se6+ and total Se, respectively.
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Introduction
Selenium can be found naturally in four valence
states including selenide, Se2-, elemental Se0, selenite,
Se4+and selenate, Se6+. It is essential yet toxic, and
exhibits a narrow window between essential and toxic
concentrations. Consumption of foods containing
less than 0.1µg/g results in deficiency whereas
regular consumption of food containing more than
1 µg/g results in toxicity (Clement et al., 2000).
The toxicity of different species for Se differs, in
which the toxicity of Se4+ is stronger than that of and
Se6+(Gallignani et al., 2000; Hernandez et al., 2007;
Kongsri et al., 2013). Therefore, it is more important
to analyze Se speciation than to determine the total
concentration of inorganic Se in samples.
Nevertheless, few analytical methods for the
selective determination of the Se species include high
performance liquid chromatography (HPLC), gas
chromatography (GC), which has been coupled to
mass spectrometry (MS), inductively coupled plasma
mass spectrometry (ICP-MS) or flow injection-hydride
generation atomic absorption spectrometry (FIHGAAS). However, ICP-MS approaches interferences
between the dominant isotope of Se and the argon
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dimer, Ar2 (both mass 80) (Jackson and Miller, 1998).
Chromatographic techniques gave decomposition of
species and peak overlap (Raptis et al., 1983). Even,
considering that HG-AAS determines Se4+ directly,
while Se6+ cannot directly be detected but it must be
reduced to Se4+ prior to measurement. Thus, the prereducing step to convert Se6+ to Se4+is still needed.
Pre-reducing agent is normally achieved using
HCl at various concentrations and temperatures.
For instance, the reduction with HCl solution in
a closed system at room temperature takes 7 days.
If its reduction step works at elevated temperature
(90 - 100°C), it is faster. The reaction time usually
varies from 20 to 45 min. However, too long heating
can lead to the appearance of elemental Se (Raptis
et al., 1983; Cobo et al., 1994; Olivas et al., 1994;
D’Ulivo, 1997; Pyrzyńska et al., 1998; Pyrznska
et al., 1999). The pre-reduction can also be using a
warm co-reducing agents i.e. KBr and HBr (Brindle
and Ługowska, 1997) or a mixture of KBr and HCl
(D’Ulivo, 1989; Brindle and Ługowska, 1997; Rodas,
2013), thiourea with the addition of HCl (Niedzielski
et al., 2002) and 20% solution of KI with HCl and
thiourea. The later system restricts the interference of
transition metals (D’Ulivo, 1997).
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In this study, the optimal pre-reducing agents
to convert Se4+ to Se6+ for trace analysis of an
inorganic Se species and total Se were investigated
using an autoclave digestion and determination by
FI-HGAAS. The effect of the selected pre-reducing
systems on the calibration curves of both Se4+ and
Se6+ was studied in detail. Application of optimal prereducing agent of the Se species was then carried out
with five varieties of tomato samples.
Materials and Methods
Chemicals
All reagents were of the highest purity available
or at least of analytical reagent grade. Deionized
water (resistivity 18.2 MΩ cm) was used to prepare
all solutions in the work. A 1000 mg/mL Se4+ stock
solution was prepared from SeO2 (Carlo Erba, France)
in HCl (Carlo Erba, France). A 1000 mg/mL Se6+
stock solution was prepared from Na2SeO4 (Sigma
Aldrich, USA) stored in a refrigerator at 4oC. Lower
concentrations were prepared on the day by diluting
the stock solution with 0.1 M HCl. A 0.3% (w/v) of
NaBH4 was prepared daily by dissolving 0.75 g of
NaBH4 (Lab Chem, France) in 0.2% (m/v) NaOH
(Carlo Erba, France) and diluting quantitatively to
250 mL with the same solution. The carrier solution
was 2.0 M HCl.
Pre-reducing agents included only conc. HCl or
the solution containing KBr (Asia Pacific specialty,
Australia) or thiourea (BDH laboratory supplies,
England) in the presence of either conc. HCl or
dilute HCl were employed to reduce Se6+ to Se4+. For
digestion of tomato sample, 65% (w/v) HNO3 (Lab
Scan Asia, Thailand) was used.
Instruments
A Perkin-Elmer AAnalyst 100 atomic absorption
spectrometer (Connecticut, USA) was used as
detector. It was equipped with a selenium hollow
cathode lamp (Victoria, Australia) set at 196.0 nm
wavelength, 16 mA lamp current and 2.00 nm slit
width. PTFE tubing was used for 500 µL loop for
sample and solutions. Argon flow of 50-55 mL/min
was lined at the gas-liquid separator to carry the
hydride gas to AAS. A Perkin-Elmer FIAS 100 flow
injection hydride generation system (Connecticut,
USA) with a heated quartz tube atomizer (900°C)
was used for hydride generation and coupled to AAS.
Sample digestion
The tomatoes analyzed were obtained from the
cultivar areas of Department of Plant Science and
Agricultural Resources, Faculty of Agriculture,

Khon Kean University. All samples were soaked and
washed clean with tap water followed by deionized
water. The tomato samples were homogenized.
The homogenized fresh matter was transferred into
PTFE centrifuge tube and freeze-dried (SCANVAC
centrifuge for vacuum concentrator freeze-dry)
at -20°C. Once the samples were powdered and
dried, they were kept at -20°C prior to digestion.
Approximately 0.5 g of the sample were weighed
accurately and dissolved in 10 mL conc. HNO3. The
sample mixture was digested under high temperature
and pressure conditions using an autoclave at 121°C,
15 psi for 60 min. After cooling, each solution was
made up to 25 mL final volume with 0.1 M HCl.
The digested clear sample solutions were further
treated for pre-reduction step of Se6+ to Se4+ prior to
measurement by FI-HGAAS as described below.
Pre-reduction of Se6+ to Se4+
Concerning the pre-reduction of Se6+, various
reducing agents were commonly used including some
potassium halide salts and HCl, and some organic
compounds such as ascorbic acid and thiourea, in
the presence of dilute or conc. HCl, and the effect
of heat was also investigated. Although the optimum
reducing agent can be applied to real sample, the
matrix effect on trace analysis of selenium species
still appears from their reducing agent. Thus, the
analytical matrices on the absorbance of Se by
adding each of the optimal pre-reducing agents into
the standard solutions of both common Se4+ and prereduced Se6+ used as calibration curves, compared
with the normal calibration curve of Se4+ as a control
were investigated under the same optimum conditions
of the hydride generation. The results obtained from
each of their calibration curves of both Se species
with or without the corresponding pre-reducing
agents can be expressed as a percentage conversion
of the Se oxidation state.
Recovery study
To test recovery study of real sample in order to
restrict other matrix effects of the plant materials,
each of the optimal pre-reducing agents was chosen
and applied by spiking each standard solution of
Se4+ and Se6+ at 10 µg/L, and both Se species at 20
µg/L into the tomato Seeda (S05) as a model sample.
However, only conc. HCl was ultimately selected as
the most suitable pre-reducing agent for five varieties
of the tomato samples used in this study including
Phuang Thong 80 (S01), Mo Kho 40 (S02), Mani
Thapthim (S03), Mani Siam (S04) and Seeda (S05).
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Results and Discussion
Analytical figures of merit
The calibration curve was constructed between 0.5
µg/L and 50.0 µg/L and the linearity was maintained
up to 100.0 µg/L with a correlation coefficient (r2)
greater than 0.999. Limits of detection (LOD) and
quantification (LOQ) calculated at three and ten
times standard deviation of an absorbance signal of
10 reagent blanks divided by the standard calibration
slope of Se4+ were found to be 0.5 µg/L and 2 µg/L,
respectively. This LOD was lower than those which
previously reported by Li et al. (1998) and Sigrist et
al. (2012) to be 3 µg/Land 2.0-7.0 µg/L, respectively.
The precision was less than 10% RSD (n = 3). The
precisions of the calibration curve of Se4+ standard
solution between 5 µg/Land 25 µg/L (n = 10) were
demonstrated within the acceptable ranges as RSD
of 8.8% and 10.2% for an inter-day and an intra-day
analysis. The results gave rather higher precision
for each of the calibration curve for Se speciation
analysis.
The selected optimal pre-reduction agents
Without HCl and heating, no signal was produced
by FI-HGAAS. The results of using these following
pre-reducing agents, four optimal pre-reducing agents
were chosen for further studies as shown in Figure 1.
(i) Conc. HCl: About 1 mL of the digested
sample, 6 mL of conc. HCl were added, heated in
a water bath at 70°C for 30 min, cooled, diluted to
25 mL with deionized water and analyzed by FIHGAAS.
(ii) 5% (w/v) KBr/conc. HCl: About 1 mL of the
digested sample, 5 mL of 25% (w/v) KBr and 2 mL
of conc. HCl were added. The mixture was heated
in a water bath at 70°C for 30 min, cooled, diluted
to 25 mL with deionized water and analyzed by FIHGAAS.
(iii) 15% (w/v) KBr/dilute HCl: About 1 mL of
the digested sample, 15 mL of 25% (w/v) KBr and
2 mL of 6 mol L-1 HCl were added. The mixture was
heated in a water bath at 70°C for 30 min, cooled,
diluted to 25 mL with deionized water and analyzed
by FI-HGAAS.
(iv) 10% (w/v) thiourea/conc. HCl: About 1 mL
of the digested sample, 10 mL of 25% (w/v) thiourea
and 2 mL of conc. HCl were added. The mixture was
heated in a water bath at 70°C for 30 min, cooled,
diluted to 25 mL with deionized water and analyzed
by FI-HGAAS.
In this case, KI is not applied, since it tends

Figure 1. The effect of various pre-reducing agents for
Se6+ solution on the absorbance of Se4+ under hydride
generation

Figure 2. The calibration curves for standard solution of
Se4+ in the presence or in the absence (control) of the four
pre-reducing agents

Figure 3. The calibration curves for both standard solution
of Se4+ in the absence (control) of the pre-reducing agents
and that of Se6+ in the presence of the four pre-reducing
agents

to produce some elemental Se. While thiourea is
cooperated as a reductant, Se-thiourea complexes
decompose and also form elemental Se (Marcucci et
al., 2001). Concerning the iodide effect (D’Ulivo et
al., 2000), it is interesting to note that both iodide
and thiourea are able to reduce Se4+ to its element.
However, the effect of reducing a power of thiourea
decreases when its concentration increases. In the
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Table 1. Comparing between conversion (%)a and recovery (%)b using two kinds of the pre-reducing
agents with respect to their calibration curves in the presence of each of the pre-reducing agents used

Conversion refers to a converting of the standard solution of Se6+ to be Se4+
Recovery refers to the sample spiked with each of the standard solution of 10 µg/L Se4+ or Se6+
c
standard solution of Se4+ without the pre-reducing agent
a

b

Table 2. Comparative studies of recovery of Se4+, Se6+ and total Se in Seeda tomato as a model
sample using the pre-reduction agents after spiking the selenium species

sample spiked with each of 10 µg/L Se4+or Se6+
sample spiked with 20 µg/L of both Se species

a

b

case of more serious interfering problem, the use of
masking agents is required. Thiourea seems to produce
poor results and in some cases their interference
effects become worse (D’Ulivo et al., 2002). While
an ascorbic acid is used to study kinetics effects of
the conversion of selenium species, Se4+ decreases
due to its conversion to Se6+ and Se0 (Pettine et al.,
2013), which is not suitable for hydride generation.
The effect of the pre-reducing agents on their
calibration curves
The calibration curves of both Se4+ and Se6+
standard solution in the presence of the pre-reducing
agents compared with that of the Se4+ standard
solution in the absence of the pre-reducing agents as
a control was constructed. The obtained equations
were as following: for Se4+/control: Y = 0.0082X +
0.0167); Se4+ with conc. HCl: Y = 0.0083X + 0.0196;
Se4+ with 5% (w/v) KBr/conc. HCl: Y = 0.0080X
+ 0.0201; Se4+ with 15% (w/v) KBr/dilute HCl: Y
= 0.0082X - 0.0124; Se4+ with 10% (w/v) thiourea/
conc. HCl: Y = 0.0042X - 0.0054). These curves

did not show much different slope for Se4+ standard
solution, at which denoted the absence of any matrix
effects for Se4+ analysis. On the other hand, only that
of Se4+ standard solution with 10% (w/v) thiourea/
conc. HCl was affected due to strong matrix effect as
shown in Figure 2.
In the same manner for Se6+ standard solution with
the pre-reducing agents, it was found as following;
Se6+ with conc. HCl: Y = 0.0095X - 0.0209; Se6+
with 5% (w/v) KBr/conc. HCl: Y = 0.0071X - 0.012;
Se6+ with 15% (w/v) KBr/dilute HCl: Y = 0.0058X 0.0232; Se6+ with 10% (w/v) thiourea/conc. HCl: Y
= 0.0089X - 0.0175. From these results (Figure 3),
their slopes of the four pre-reduction systems of Se6+
also gave not much difference in the matrix effect
(Gallignani et al., 2000; Niedzielski et al., 2002), if
used as standard working solution which could be
tested for the efficiency of the reduction/conversion
system. All of these pre-reducing agents can be used
to completely convert Se6+ to Se4+ for the inorganic
Se species determination.
However, comparing between the percentage
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conversion with their recovery of Se4+ and Se6+ was
tabulated in details about these two selected prereducing systems, as determined by their different
calibration curves (Table 1). Two optimal pre-reducing
agents including conc. HCl and 5% (w/v) KBr/conc.
HCl were chosen. Both conversion (97.7-116%) and
recovery (85.3-98.8%) are noted in similar trends
when using Se4+/control and Se4+ in the presence of
the pre-reducing agents as their calibration curves.
Satisfied trends in both conversion (81.2-103%) and
its recovery (72.8-85.3%) were also found for Se6+ as
well. Consequently, both of them can be used as the
calibration curve for the determination of inorganic
Se species and total Se in tomato sample.
Accuracy
Recovery studies of Se4+, Se6+ and both Se species
using selected four pre-reduction systems were
shown in Table 2. It was found that all the reducing
systems gave rather high recoveries for these Se
species (76.6-104%, 75.6-116% and 81.8-96.3% for
Se4+, Se6+ and Se4+/Se6+, respectively) spiked in Seeda
tomato as a model sample. From the results, the conc.
HCl was chosen as the optimal pre-reducing agent to
apply with five varieties of tomatoes (S01-S05). This
procedure is a lot simpler than other conventional
methods using another pre-reducing agent. The
recoveries obtained from these samples spiked with
the Se species followed by the pre-reduction with
conc. HCl. The average recoveries of the Se4+, Se6+
and total Se in these tomato varieties were ranged
from 99.6-109%, 76.8-86.6% and 78.3-89.2%,
respectively.
For sample digestion, the main problem may
arise from the peculiar chemical resistance of some
organoselenium compounds (selenoamino acid,
selenonium salts) to be transformed into inorganic Se
salts, selenite or selenate forms. Tomatoes have rather
high organic selenium (Ahmed, 2010). Although the
sample digestion was conducted with an autoclave
unit, it seemed to give a completely clear solution,
the residues of organic matter disappeared. The
residues of organic matter could interfere the hydride
generation. The concentration of Se6+ was calculated
as the difference between total Se and Se4+. These
samples gave rather high contents of Se ranging from
0.07-0.10 µg/g, 0.43-0.92 µg/g and 0.50-0.99 µg/g
for Se4+, Se6+, and total Se, respectively. Concerning
the inorganic Se species in the tomato samples, the
hexavalent Se is found in higher contents than the
tetravalent one.
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Conclusion
The presence of matrix effects and the efficiency
of the optimal pre-reduction systems consisting of
conc. HCl, 5% (w/v) KBr/conc. HCl, 15% (w/v) KBr/
dilute HCl and 10% (w/v) thiourea/conc. HCl under
heating for 30 min for Se speciation analysis were
clarified. It was necessary to reduce Se6+ to be Se4+
prior to on-line hydride generation. The developed
method was applied for inorganic Se analysis in the
spiked sample solution of tomato after acid digestion
using autoclave unit. The pre-reduction step made
possibly the completeness of the inorganic Se species
determination. The use of a mixture of the prereducing agents permitted the quantitative reduction
of Se6+ to Se4+ under mild reaction conditions. This
sensitive and highly selective method with good
linearity and reproducibility was to ascertain for such
an ultra-trace analysis of Se.
Acknowledgements
This work was supported by the Higher Research
Promotion and National Research University
Project of Thailand, Office of the Higher Education
Commission, through the Food and Functional Food
research Cluster of Khon Kaen University and the
Center for Innovation in Chemistry (PERCH-CIC),
Commission on Higher Education, Ministry of
Education are gratefully acknowledged.
References
Ahmed, H.K. 2010. Differences between some plants in
selenium accumulation from supplementation soils
with selenium. Agriculture and Biology Journal of
North America 1: 1050-1056.
Brindle, I.D. and Lugowska, E. 1997. Investigations into
mild conditions for reduction of Se(VI) to Se(IV) and
for hydride generation in determination of selenium by
direct current plasma atomic emission spectrometry.
Spectrochimica Acta Part B 52: 163-176.
Clement, I., Thompson, H.J., Zhu, Z. and Ganther, H.E.
2000. In vitro and in vivo studies of methylseleninic
acid: evidence that a monomethylated selenium
metabolite is critical for cancer chemoprevention.
Cancer Research 60: 2882-2886.
Cobo, M.G., Palacios, M.A., Cámara, C., Reis, F. and
Quevauviller, P. 1994. Effect of physicochemical
parameters on trace inorganic selenium stability.
Analytica Chimica Acta 286: 371-379.
D’Ulivo, A. 1989. Studies on the determination of
selenium by hydride generation non-dispersive atomic
fluorescence spectrometry using hydrobromic acidbased reaction matrices. Journal of Analytical Atomic
Spectrometry 4: 67-70.

1583

Limchoowong et al./IFRJ 22(4): 1578-1583

D’Ulivo, A. 1997. Critical Review. Determination of
selenium and tellurium in environmental samples.
Analyst 122: 117R-144R.
D’Ulivo, A., Gianfranceschi, L., Lampugnani, L.
and Zamboni, R. 2002. Masking agents in the
determination of selenium by hydride generation
technique. Spectrochimica Acta Part B 57: 2081-2094.
D’Ulivo, A., Marcucci, K., Bramanti, E., Lampugnani, L.
and Zamboni, R. 2000. Studies in hydride generation
atomic fluorescence determination of selenium
and tellurium. Part 1-Self interference effect in
hydrogen telluride generation and the effect of KI.
Spectrochimica Acta Part B: At. Spectrom 55: 13251336.
Gallignani, M., Valero, M., Brunetto, M.R., Burguera, J.L.,
Burguera, M. and Petit de Peña, Y. 2000. Sequential
determination of Se(IV) and Se(VI) by flow injectionhydride generation-atomic absorption spectrometry
with HCl/HBr microwave aided pre-reduction of
Se(VI) to Se(IV). Talanta 52: 1015-1024.
Hernandez, P.C., Tyson, J.F., Uden, P.C. and Yates, D.
2007. Determination of selenium by flow injection
hydride generation inductively coupled plasma optical
emission spectrometry. Journal of Analytical Atomic
Spectrometry 22: 298-304.
Jackson, B.P. and Miller, W.P. 1998. Soluble arsenic and
selenium species in fly ash/organic waste-amended
soils using ion chromatography−inductively coupled
plasma mass spectrometry. Environmental Science
and Technology 33: 270-275.
Kongsri, S., Janpradit, K., Buapa, K., Techawongstien, S.
and Chanthai, S. 2013. Nanocrystalline hydroxyapatite
from fish scale waste: Preparation, characterization
and application for selenium adsorption in aqueous
solution. Chemical Engineering Journal 215-216:522532.
Li, F., Goessler, W. andIrgolic, K. J. 1998. Optimization
of microwave digestion for determination of selenium
in human urine by flow injection-hydride generationatomic
absorption
spectrometry.
Analytical
Communications 35: 361-364.
Marcucci, K., Zamboni, R. and D’Ulivo, A. 2001. Studies in
hydride generation atomic fluorescence determination
of selenium and tellurium. Part 2 - Effect of thiourea
and thiols. Spectrochimica Acta Part B: At. Spectrom
56: 393-407.
Niedzielski, P., Siepak, M., Siepak J. and Przybyłek, J.
2002. Determination of different forms of arsenic,
antimony and selenium in water samples using
hydride generation. Polish Journal of Environmental
Studies 11: 219-224.
Olivas, R.M., Donard, O.F.X., Cámara, C. and
Quevauviller, P. 1994. Analytical techniques applied to
the speciation of selenium in environmental matrices.
Analytica Chimica Acta 286: 357-370.
Pettine, M., Gennari, F. and Campanella, L. 2013. The
reaction of selenium (IV) with ascorbic acid: Its
relevance in aqueous and soil systems. Chemosphere
90: 245-250.
Pyrznska, K., Siepak, J. and Kowalczuk, Z. 1999.

Speciation analysis of arsenic, antimony and selenium
in the surface waters of Poznan. Polish Journal of
Environmental Studies 8: 183-187.
Pyrzyńska, K., Drzewicz, P. and Trojanowicz, M. 1998.
Preconcentration and separation of inorganic selenium
species on activated alumina. Analytica Chimica Acta
363: 141-146.
Raptis, S.E., Kaiser, G. and Tolg, G. 1983. A survey of
selenium in the environment and a critical review of
its determination at trace levels. Fresenius Journal of
Analytical Chemistry 316: 105-123.
Rodas, S.D., Mellano, F., Morales, E. and Giraldez I.
2013. A simplified method for inorganic selenium and
selenoamino acids speciation based on HPLC-TRHG-AFS. Talanta 106: 298-304.
Sigrist, M., Brusa, L., Campagnoli, D. and Beldoménico,
H. 2012. Determination of selenium in selected
food samples from Argentina and estimation of their
contribution to the Se dietary intake. Food Chemistry
134: 1932-1937.

