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ABSTRACT

Selenium is'essential for the
vital functions of the-human and
animal organism, such as growth,
reproduction, prevention, and
the protection of its muscular
integrity. Although this depen-
dence is well characterized,
aspects related to selenium speci-
ation still need to be studied fur-
ther. This work describes the
development of an alternative
method for selenium speciation
in bovine blood samples using a
hyphenated analytical system
(HPLC-UV-HG-ICP-OES). The
influence of the main parameters
related to the detection of Se
species, such as separation effi-
ciency, photo-reduction and
hydride generation, were studied.
Enzymatic reaction with
proteinase-K (1 day-at 37°C) was
employed for sample preparation.
An on-line UV reduction system
was adopted to convert the differ-
ent species of Se to Se(IV).

INTRODUCTION

Selenium is an important
element for humans and animals
and is an essential nutrient at low
concentrations but toxic at high
levels. Deficiency is associated with
several diseases such as cardiac and
muscle injuries, Keshan disease,
and causes damage to physiological
conditions such as the reproductive
system and other organs. Selenium
is added to cattle diets in low quan-
tities because the concentrations in
forage and grains are very low.
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For the chromatographic system,
equipped with an anionic
exchange column, a phosphate-
buffer of 40 mmol L! in the pH of
6.0 was used as the mobile phase
(flow rate of 1 mL min™) for sepa-
ration of the different Se species.
To increase the sensitivity,
hydride generation was used, fol-
lowed by inductively coupled
plasma optical emission
spectrometry (ICP-OES) analysis.
The developed method for Se
speciation in bovine blood sam-
ples was performed completely
ornrline. The limits of detection
(LODs) were 9.5, 7.2, 5.8, 3.1, 4.4
pg LT and the limits of quantifica-
tion (LOQs) were 31.4, 23.9,
20.1, 10.5, and 14.5 pg L} for
selenomethylselenocysteine,
scleno-DL-methionine, Se(IV), and
Se(VD), respectively. The recover-
ies obtained were 96% for Se(IV),
98% for Se(VID), 91% for seleno-
cystamine, 89% for seleno-cysteine,
and 84% for seleno-methionine.

Cows supplemented with organic
Se in the form of seleno-yeast dur-
ing the placental stages and in milk
transfer Se more effectively than
cows given inorganic selenite (1).
Thus, the determination of total
selenium may not be a good tool

to provide important information
about essential Se concentrations,
bioavailability, toxicology, nutrition,
and other relevant aspects of this
element (2,3). The biochemical and
physiological selenium effect is
greatly dependent on total concen-
tration and its chemical forms.
Plants can absorb inorganic Se,
such as Se(IV), and transform it into
less toxic forms, i.e., seleno-amino
acids as Se-methylselenocysteine
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(MeSeCys) and selenomethionine
(SeMet) (4-6).

About 75% of total Se in whole
blood is present in the plasma/
serum, which suggests that this
type of matrix can be a good indica-
tor of the efficiency of dietary
intake and supplementation (7-9).
Studies of selenium speciation in
blood samples are difficult due to
the low Se concentrations present
and the complexity of the matrix.
Selenium in animal plasma is mainly
present as selenoprotein-P (68% +
7%), glutathione peroxidase (25% =+
4%), and is associated to albumin
(7% = 4%), which carries Se
throughout the body (10,11)

Quantitative selenium speciation
in biological matrices has been car-
ried out by hyphenated techniques,
such as chromatography (HPLC or
GC) coupled to inductively coupled
plasma mass spectrometry (ICP-
MS), most commonly used in com-
bined systems (12-15). However,
HPLC hyphenated to a spectromet-
ric technique such as hydride gen-
eration atomic fluorescence
spectrometry (HG-AFS), hydride
generation atomic absorption spec-
trometry (HG-AAS), and hydride
generation inductively coupled
plasma optical emission spectrome-
try (HG-ICP-OES) can also be used
for speciation. These kinds of
detection systems are a good alter-
native due to low running costs,
good linearity, and low detection
limits (15-17).

Coupling ICP-OES with HPLC for
on-line speciation can be achieved
easily, since the flow rate of the
HPLC pump and the uptake nebu-
lizer rate are compatible in most
cases. In practice, the outlet of the




column was connected to a T-junc-
tion with concentrated hydrochlo-
ric acid solution, pushed by a
Ismatec 8 peristaltic pump (Ismatec,
Wertheim, Germany), which was
employed in the photo-reduction
step of the solutions and the sam-
ples when connected to ultraviolet
energy. The connecting tubing was
made of polyether ether ketone
(PEEK). All mobile phases, standard
solutions, and samples were filtered
through 0.45 um membrane filters
(Varian, Mulgrave, Australia). An
AVISTAI RL ICP-OES with radial
configuration (Varian, Mulgrave,
Australia) was used as the detection
technique, equipped with a con-
centric nebulizer. The optical sys-
tem was purged with argon, and
the wavelengths studied were from
167 to 785 nm. A peristaltic pump
was used in the photo-reduction
system and a UV lamp (15 W)
installed in a closed wood box was
used to reduce the different species
of Se organic and Se(VD) to
Se(IV).The pH adjustments of the
mobile phase and the buffer solu-
tions were monitored using a con-
ventional Metrohm pH meter
Model 827 (Metrohm AG, Herisan,
Switzerland). The instrumental and
chemical operating conditions are
listed in Table I.

Sample Preparation

The total and plasma bovine
blood samples were collected in
appropriate flasks containing
heparin and stored for analysis in
order to maintain the composition,
chemical structure, and information
for injection into the chromato-
graph after enzymatic hydrolysis.
The reaction was accomplished in
an incubation system maintaining
a constant temperature of 37°C for
24 hours. For a 500-mL blood sam-
ple, 1.21 g of the enzyme was
added, then incubated. The flasks
containing the samples were cen-
trifuged for 30 minutes under a
rotation of 2500 rpm. For assessing
the method prior to the speciation

process, 0.5 mg L! of different
forms of Se (sodium selenite and
selenate, and dichlorhydrate seleno-
cystamine, seleno-DL-methionine,
chlorhydrate selenometylselenocys-
teine, selenocysteine) were added
to the blood samples to evaluate
the non-degradation of the organic
species.

Optimization of Hydride Gener-
ation System in Interface

All HG-ICP-OES parameters
including the viewing plasma, RF
power, nebulizer (argon gas), flow
rate, sodium tetrahydroborate con-
centration and flow rate, hydrochlo-
ric acid flow rate used for HG were
based on a previous work by our
group (29). These parameters were
initially tested and evaluated for Se
speciation of 0.5 mg L'! Se species.
The integrated area emission inten-
sity was calculated throughout the
study and the ICP was operated in
the continuous mode for 30 min-
utes.
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Procedure

Speciation analysis was carried
out by the proposed method for
the separation and determination
of the inorganic and organic seleno
forms. The different species of Se
were pre-reduced on-line to Se(1V),
species more efficient to generate
the hydride, then eluted from the
chromatographic column. For the
reduction step, two systems using
ultraviolet energy were studied:

() a photo-reduction system in a
box consisting of a 15 W UV lamp;
and (i) a photo-reduction system
using radiation by electrodeless
discharge lamp (EDL) - UV/MW
energy. The chromatographic col-
umn used in the separation stage
was the ion-exchange column, and
the system was evaluated using
mobile phases appropriate for the
column. For the mobile phases,
buffer solutions of acetic acid,
phosphoric acid, and salicylic acid
were evaluated at different concen-
trations (20 to 100 mmol L'Y) and at
pH values ranging from 4 to 10.
The flow rates of each mobile
phase were studied in the isocratic
mode, and identification of the
species was realized separately to
determine the retention times of
each species. The optimized instru-
mental operating parameters used

TABLE I

Optimum Parameters Used for HPLC-UV-HG-ICP-OES
RF power 1400 W
Plasma view distance 8 mm
Nebulizer flow 0.9 L.min’
NaBH, concentration 1.2% (w/v)
NaBH, flow rate 1.0 mL min’!
Sample preparation Enzymatic extraction
HCI flow rate 0.1 mL min™!
Selenium wavelength 196.02 nm
HPLC Pro-star 210 system operated

at ambient temperature

Sample loop size 100 puL

Anion exchange column ChromSep HPLC column

Mobile phase
UV lamp 15w

40 mmol L! phosphate buffer at pH 6
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column is interfaced to the nebu-
lizer of the ICP, or when an HG
technique is used, the outlet of the
column is interfaced to the HG sys-
tem (16-18).

Although HG-ICP-OES proposes
an improvement in sensitivity, such
an advantage depends on the
hydride generation efficiency. For
instance, the quantitative reduction
of Se(VD) to Se(IV) before hydride
generation is the key point for
improving the method. The
efficiency of hydride generation
depends on the chemical form of
the analyte (its oxidation state and
presence of a stable organometallic
structure) which may delay or com-
pletely hinder the formation of the
hydride, and is considered the
“Achilles heel” of the technique.
Consequently, a new step is neces-
sary, the pre-reduction step. This
procedure often requires some
reagent such as KI (19), thiourea
(20), HBr (21), and HCI (22) or
more recently, a combination of
alternative energies such as ultravi-
olet (23) and microwave (24). The
HCI associated to UV is particularly
attractive since a low acid concen-
tration could be used for the pre-
reduction step and in the carrier
solution to hydride generation.

Sample preparation for specia-
tion is not a trivial task and an alter-
native method should be employed.
Many strategies have been adopted
for speciation analysis such as solu-
bilization, extraction, decomposi-
tion, and each could be appropriate
depending on the objective of the
analysis (16,17,24).

The use of enzymes for extrac-
tion has been described in the liter-
ature (25-27). Recently, enzymatic
extraction was performed using
ultrasonic and microwave energy to
improve analyte extraction and
recoveries. The enzymes can cat-
alyze specific and well-known
steps. A study (28) of different
enzymes reported the extraction of
Se in mushroom with proteinase K

and protease XIV by RP-HPIPC-ICP-
MS in which inorganic forms of Se,
Se-cystine, Se-methionine, methyl-
selenocysteine, and unknown Se
forms were found. The method of
using trypsin plus protease XIV
(digestion III) for sample prepara-
tion was evaluated and found to
give good results for speciation
(28). However, sample preparation
for speciation of selenium is still a
major challenge since it is neces-
sary to preserve the information of
the analyte during analysis, espe-
cially for complex matrices.

The goal of this work was to
develop a new and efficient
method for Se speciation using
hyphenated techniques in order to
evaluate the effect of selenium in
bovine blood for the purpose of
monitoring nutrition supplements
for cattle. The method using high-
performance anion-exchange chro-
matography hyphenated to a
photo-reduction step and hydride
generation-inductively coupled
plasma optical emission spectrome-
try (HPLC-UV-HG-ICP-OES) was
evaluated. After UV radiation and
hydride generation, different forms
of Se were reduced and detected by
radial ICP-OES. For sample prepara-
tion, an alternative enzymatic
extraction method was used to pre-
serve the species information. This
method would be useful for a labo-
ratory studying the selenium func-
tion and its mechanism in animal
nutrition.

EXPERIMENTAL

Solutions, Reagents, and
Materials

All solutions were prepared with
high-purity chemicals and distilled
deionized water (Milli-Q® system,
Millipore Corporation, Bedford,
MA, USA). Suprapur® hydrochloric
acid (Merck, Darmstadt, Germany)
was used to prepare the standard
solutions. All solutions were stored
in high-density polypropylene bot-
tles (Nalgene™  Rochester, NY,
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USA). The plastic bottles, flasks,
and glassware were cleaned by
soaking them in 10% (v/v) HNO;.
Before use, all materials were
rinsed abundantly with deionized
water.

Stocks solutions of Se(IV) were
prepared from the dissolution of
0.1405 g SeO, (Aldrich, St. Louis,
MO, USA) in 100 mL of 1 mol L'
HCI. The stock solutions of Se(VI)
were prepared from the dissolution
of 0.2393 g of Na,SeO, (Aldrich,

St. Louis, MO, USA) in 100 mL

0.1 mol L' HCI. Stock solutions

of the Se organic forms (Sigma-
Aldrich, St. Louis, MO, USA) were
prepared by dissolving 0.071 g of
C;H,N,Se, (dichlorhydrateseleno-
cystamine), 0.101g of CsH,;;NO,Se
(seleno-DL-methionine), 0.099¢g of
C4HoNO,Se? (chlorhydrateseleno-
methylselenocysteine), and 0.053 g
of CsH,,N,0O,Se, (selenocysteine) in
50 mL of 0.2 mol L; HCI with con-
centrations of 700 mg L'!,1000 mg L,
1000 mg L', 500 mg L', and 5000
mg L, respectively.

Sodium borohydride solution
(1.1% m/v) was prepared weekly
by dissolving 0.5 g NaBH,; (Merck,
Darmstadt, Germany) in 100 mL of
0.5% (m/v) NaOH (Merck, Darm-
stadt, Germany). A 30% HCI (v/v)
solution was used as the pre-
reduced solution, prepared weekly,
and stored in the refrigerator.

Solid reagents, such as sodium
acetate, salicylic, and phosphate
(Aldrich, St. Louis, MO, USA) were
used as a buffer and employed as
the mobile phase.

Instrumentation

A Varian Pro-star 210 high pres-
sure chromatographic pump and a
Varian ChromSep HPLC anionic
exchange column (Varian, Mulgrave,
Australia) were used for the separa-
tion technique. For enzymatic
preparation of the sample, a Ther-
momixer 5436 heat-controlled sys-
tem (Ependorff, Enfield, CT, USA)
was employed. The outlet of the



column was connected to a T-junc-
tion with concentrated hydrochlo-
ric acid solution, pushed by a
Ismatec 8 peristaltic pump (Ismatec,
Wertheim, Germany), which was
employed in the photo-reduction
step of the solutions and the sam-
ples when connected to ultraviolet
energy. The connecting tubing was
made of polyether ether ketone
(PEEK). All mobile phases, standard
solutions, and samples were filtered
through 0.45 pym membrane filters
(Varian, Mulgrave, Australia). An
AVISTAI RL ICP-OES with radial
configuration (Varian, Mulgrave,
Australia) was used as the detection
technique, equipped with a con-
centric nebulizer. The optical sys-
tem was purged with argon, and
the wavelengths studied were from
167 to 785 nm. A peristaltic pump
was used in the photo-reduction
system and a UV lamp (15 W)
installed in a closed wood box was
used to reduce the different species
of Se organic and Se(VI) to
Se(IV).The pH adjustments of the
mobile phase and the buffer solu-
tions were monitored using a con-
ventional Metrohm pH meter
Model 827 (Metrohm AG, Herisan,
Switzerland). The instrumental and
chemical operating conditions are
listed in Table L.

Sample Preparation

The total and plasma bovine
blood samples were collected in
appropriate flasks containing
heparin and stored for analysis in
order to maintain the composition,
chemical structure, and information
for injection into the chromato-
graph after enzymatic hydrolysis.
The reaction was accomplished in
an incubation system maintaining
a constant temperature of 37°C for
24 hours. For a 500-mL blood sam-
ple, 1.21 g of the enzyme was
added, then incubated. The flasks
containing the samples were cen-
trifuged for 30 minutes under a
rotation of 2500 rpm. For assessing
the method prior to the speciation

process, 0.5 mg L! of different
forms of Se (sodium selenite and
selenate, and dichlorhydrate seleno-
cystamine, seleno-DL-methionine,
chlorhydrate selenometylselenocys-
teine, selenocysteine) were added
to the blood samples to evaluate
the non-degradation of the organic
species.

Optimization of Hydride Gener-
ation System in Interface

All HG-ICP-OES parameters
including the viewing plasma, RF
power, nebulizer (argon gas), flow
rate, sodium tetrahydroborate con-
centration and flow rate, hydrochlo-
ric acid flow rate used for HG were
based on a previous work by our
group (29). These parameters were
initially tested and evaluated for Se
speciation of 0.5 mg L! Se species.
The integrated area emission inten-
sity was calculated throughout the
study and the ICP was operated in
the continuous mode for 30 min-
utes.
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Procedure

Speciation analysis was carried
out by the proposed method for
the separation and determination
of the inorganic and organic seleno
forms. The different species of Se
were pre-reduced on-line to Se(IV),
species more efficient to generate
the hydride, then eluted from the
chromatographic column. For the
reduction step, two systems using
ultraviolet energy were studied:
(i) a photo-reduction system in a
box consisting of a 15 W UV lamp;
and (ii) a photo-reduction system
using radiation by electrodeless
discharge lamp (EDL) - UV/MW
energy. The chromatographic col-
umn used in the separation stage
was the ion-exchange column, and
the system was evaluated using
mobile phases appropriate for the
column. For the mobile phases,
buffer solutions of acetic acid,
phosphoric acid, and salicylic acid
were evaluated at different concen-
trations (20 to 100 mmol L") and at
pH values ranging from 4 to 10.
The flow rates of each mobile
phase were studied in the isocratic
mode, and identification of the
species was realized separately to
determine the retention times of
each species. The optimized instru-
mental operating parameters used

TABLE I
Optimum Parameters Used for HPLC-UV-HG-ICP-OES

RF power 1400 W
Plasma view distance 8 mm
Nebulizer flow 0.9 L.min!
NaBH, concentration 1.2% (w/v)
NaBH, flow rate 1.0 mL min’!

Sample preparation

Enzymatic extraction

HCI flow rate 0.1 mL min’!
Selenium wavelength 196.02 nm
HPLC Pro-star 210 system operated

at ambient temperature

Sample loop size 100 puL

Anion exchange column ChromSep HPLC column

Mobile phase
UV lamp 15w

40 mmol L'! phosphate buffer at pH 6
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for the HPLC-UV-HG-ICP-OES sys-
tem are listed in Table I, and a
schematic diagram of the system is
shown in Figure 1. Since no stan-
dard reference materials for specia-
tion are available, the recovery
studies were carried out in three
replicates. The accuracy of the
method was verified for the differ-
ent Se species using addition and
recuperation of 500 ug L' Se.

The proposed method was
applied to the Se speciation in four
bovine blood samples, and the effi-
ciency of the method was evaluated
with recovery tests using extracted
blood spiked with 0.5 mg L of
selenocystamine, selenometylse-
lenocysteine, seleno-DL-methion-
ine, Se(IV), and Se(VD) from the
samples. The limits of detection
(LOD) and the limits of quantifica-
tion (LOQ) were calculated accord-
ing to IUPAC recommendations.

RESULTS AND DISCUSSION

Sample Preparation

The use of enzymatic hydrolyza-
tion has shown good results for
selenium speciation in a variety of
samples and for different kinds of
enzymes. It was found that time
and temperature influenced the
efficiency of the hydrolyzation
process. The effectiveness of the
bovine blood sample preparation
was evaluated visually (color of the
solution after the enzymatic reac-
tion) and addition-recovery tests
were performed for four species in
the samples. The efficiency of the
separation/pre-reduction/genera-
tion/analysis of the selenium stan-
dard added to the blood sample
was evaluated by recovery tests of
each selenium form. The solution
was divided into two parts after the
enzymatic reaction: the top was
separated and injected into the spe-
ciation system. The enzymatic
extraction provided a solution less
viscous than the blood and a
clearer solution. The recoveries
were 96% for Se(IV), 98% for

Se(VI), 91% for seleno-cystamine,
89% for seleno-cysteine, and 84%
for seleno-methionine which
proves the efficiency of the
method.

Optimization of Hydride
Generation

Selenium is an element that ben-
efits with an increase in acidity dur-
ing the hydride generation process
and is affected by HCI concentra-
tion which is used as the carrier.
The intensity of the emission for
selenium broadened when the acid
concentrations were increased
from 10-20% to 30-50% (v/v). For
subsequent studies, the concentra-
tion of 30% (v/v) was used, result-
ing in better sensitivity and %RSD
for all selenium forms. The concen-
trations of NaBH, (m/v) ranging
from 0.4-1.5% were employed for
the determination mono-elemental
Se using flow injection analysis.
Preliminary studies of the extracted
sample showed a major formation
of Se-hydride at 1.1% (m/v) NaBH,
and the same results were observed
in the present study. Lower con-
centrations (0.4 to 1.0%) showed
poor emission intensity, and con-
centrations higher than1.2% (m/v)
did not result in a significant emis-
sion improvement. Thus, the
NaBH, concentration used in this
work was 1.1% (m/v) in 0.5% (m/v)
NaOH.

Optimization of Photo Reduc-
tion System

The parameters studied for the
optimization of the pre-reduction
step included HCI concentration,
the ultraviolet system, and expo-
sure time. The selected response
for this study was the signal-to-
noise ratio for all analytes. Since the
organic Se species are more diffi-
cult to reduce to Se(IV), this char-
acteristic was key to optimizing the
system. The photo-oxidation/
reduction system using ultraviolet
(UV) energy showed more quantita-
tive pre-reduction of the different
selenium species. Some factors
influencing the efficiency of the
photo-reduction process include
exposure time of the species to UV-
radiation and the potency of the
lamp. This first step studied was the
offline mode with UV-microwave
assistance (EDL). This system
showed an improvement in the effi-
ciency process and only 2 minutes
were necessary for the quantitative
reduction of all forms. All organic
species and Se(VI) were quantita-
tively reduced to Se(IV). However,
when the on-line system was stud-
ied, problems of repeatability and
reproducibility were observed,
probably due to an excessive
amount of gas formed. The other
problem observed with the UV/MW
system was the fast heating of the
water by microwave, generating
bubbles in the system, which

HPLC pump
HCI —

UV system

pump

Hydride generation system ICP QES instrument

Fig. 1. Schematic diagram of the HPLC-UV-HG-ICP-OES hyphenated system.
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induced turbulence in the line,
damaging the repeatability. This
system was abandoned and the UV-
box system was employed for the
remaining work.

The exposure time of UV energy
was studied by increasing the
length of the coil resulting in a
decrease in UV lamp energy. The
flow of the solution and/or sample
was determined by the exit flow
from the chromatographic column
(1 mL min!). It was found that an
exposure time below 4 minutes did
not provide an efficient reduction
of the seleno-methionine species
and Se (VD), but it was efficient for
the seleno-cysteine and seleno-cyst-
amine species. Within a time of 4
and 5 minutes, Se-methionine was
reduced to the Se(IV) satisfactorily;
but for Se(VI) no reduction was
observed. However, all of the Se
species were reduced after 6 min-
utes of exposure.

The use of the reagents (hydro-
bromic and hydrochloric acid) and
the reducing agents (KBr, KI, and
K,S,04) was also studied. The
employment of hydrobromic acid
was abandoned due to the poor
reproducibility and low emission
intensity for Se. The reduction with
KI and K,S,04 was not satisfactory,

possibly because there was no
quantitative reduction to Se(VD)
and/or a considerable interference
from these agents. However, when
just HCI associated to the UV light
as employed in the photoreduction
on-line system, the efficiency of
pre-reduction of the different Se
species was quantitative. Concen-
trations lower than 30% (v/v) did
not provide an efficient reduction
of the different species. Best results
were observed with a 30% (v/v)
HCI concentration or higher and
this condition was selected to study
the pre-reduction step (Figure 2).
Since the on-line system needs a
(1:1) dilution at the confluence
point between the reducing agent
and the sample (Figure 1) after
chromatographic separation, a 60%
(v/v) volume of HCl was used with
success. The mixture of HCI+KBr
provided an efficient pre-reduction
of the different Se species, very sim-
ilar to 60% (v/v) of HCI. No differ-
ences in reduction efficiency of the
different Se species were observed
when the KBr concentration was
varied. This showed that KBr was
not necessary. Thus, HCI was suffi-
cient for a quantitative pre-reduc-
tion of the different Se species and
60% (v/v) HCl was used to ensure
the efficient and quantitative pre-
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Fig. 2. Pre-reduction step for the different Se species in different HCI concentrations.
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reduction of the different organic
and inorganic Se species in blood
extract.

Selenium Speciation in Blood

The type and composition of the
mobile phase is another factor that
could influence the efficiency of
the pre-reduction step and subse-
quently the HG-ICP-OES detection
system. The acetate and phosphate
buffers studied at the different pH
values did not show a decrease in
the efficiency of the pre-reduction
step. However, when the salicylic
buffer was tested at the different
pH values, a decrease in the emis-
sion intensities was observed, possi-
bly resulting in a negative effect in
the process (mainly pre-reduction
and generation). Thus, the salicylic
buffer was discarded and not fur-
ther evaluated. In the separation
process using the phosphate buffer,
no difference was observed among
the peaks nor any overlaps or
enlargements unlike when the
acetate and salicylic buffers were
used. The total time of the
chromatogram was practically the
same, which shows very similar
behavior between the speciation in
the aqueous standard solution and
the degraded bovine blood sample,
resulting in good efficiency of the
sample preparation step. Concen-
trations lower than 40 mmol L' of
phosphate buffer provided overlap
peaks of Se-methionine and
cysteine; however, Se-cysteine,
SeIV), and Se(V]) resulted in three
good defined peaks. This mobile
phase concentration produced
higher retention time. Concentra-
tions higher than 40 mmol L! pro-
vided overlap peaks for the Se
organic and inorganic species and
resulted in two peaks.

The mechanism of separation
was based on pK,, the polarity dif-
ference. Therefore, the pH of the
solution is a very important factor
that influences the separation of
the Se species. The pH range stud-
ied was 4 to 8. A higher retained



for the HPLC-UV-HG-ICP-OES sys-
tem are listed in Table I, and a
schematic diagram of the system is
shown in Figure 1. Since no stan-
dard reference materials for specia-
tion are available, the recovery
studies were carried out in three
replicates. The accuracy of the
method was verified for the differ-
ent Se species using addition and
recuperation of 500 pg L Se.

The proposed method was
applied to the Se speciation in four
bovine blood samples, and the effi-
ciency of the method was evaluated
with recovery tests using extracted
blood spiked with 0.5 mg L of
selenocystamine, selenometylse-
lenocysteine, seleno-DL-methion-
ine, Se(IV), and Se(VI) from the
samples. The limits of detection
(LOD) and the limits of quantifica-
tion (LOQ) were calculated accord-
ing to IUPAC recommendations.

RESULTS AND DISCUSSION

Sample Preparation

The use of enzymatic hydrolyza-
tion has shown good results for
selenium speciation in a variety of
samples and for different kinds of
enzymes. It was found that time
and temperature influenced the
efficiency of the hydrolyzation
process. The effectiveness of the
bovine blood sample preparation
was evaluated visually (color of the
solution after the enzymatic reac-
tion) and addition-recovery tests
were performed for four species in
the samples. The efficiency of the
separation/pre-reduction/genera-
tion/analysis of the selenium stan-
dard added to the blood sample
was evaluated by recovery tests of
each selenium form. The solution
was divided into two parts after the
enzymatic reaction: the top was
separated and injected into the spe-
ciation system. The enzymatic
extraction provided a solution less
viscous than the blood and a
clearer solution. The recoveries
were 96% for Se(IV), 98% for

Se(VI), 91% for seleno-cystamine,
89% for seleno-cysteine, and 84%
for seleno-methionine which
proves the efficiency of the
method.

Optimization of Hydride
Generation

Selenium is an element that ben-
efits with an increase in acidity dur-
ing the hydride generation process
and is affected by HCI concentra-
tion which is used as the carrier.
The intensity of the emission for
selenium broadened when the acid
concentrations were increased
from 10-20% to 30-50% (v/v). For
subsequent studies, the concentra-
tion of 30% (v/v) was used, result-
ing in better sensitivity and %RSD
for all selenium forms. The concen-
trations of NaBH, (m/v) ranging
from 0.4-1.5% were employed for
the determination mono-elemental
Se using flow injection analysis.
Preliminary studies of the extracted
sample showed a major formation
of Se-hydride at 1.1% (m/v) NaBH;
and the same results were observed
in the present study. Lower con-
centrations (0.4 to 1.0%) showed
poor emission intensity, and con-
centrations higher than1.2% (m/v)
did not result in a significant emis-
sion improvement. Thus, the
NaBH, concentration used in this
work was 1.1% (m/v) in 0.5% (m/v)
NaOH.

Optimization of Photo Reduc-
tion System

The parameters studied for the
optimization of the pre-reduction
step included HCI concentration,
the ultraviolet system, and expo-
sure time. The selected response
for this study was the signal-to-
noise ratio for all analytes. Since the
organic Se species are more diffi-
cult to reduce to Se(IV), this char-
acteristic was key to optimizing the
system. The photo-oxidation/
reduction system using ultraviolet
(UV) energy showed more quantita-
tive pre-reduction of the different
selenium species. Some factors
influencing the efficiency of the
photo-reduction process include
exposure time of the species to UV-
radiation and the potency of the
lamp. This first step studied was the
offline mode with UV-microwave
assistance (EDL). This system
showed an improvement in the effi-
ciency process and only 2 minutes
were necessary for the quantitative
reduction of all forms. All organic
species and Se(VI) were quantita-
tively reduced to Se(IV). However,
when the on-line system was stud-
ied, problems of repeatability and
reproducibility were observed,
probably due to an excessive
amount of gas formed. The other
problem observed with the UV/MW
system was the fast heating of the
water by microwave, generating
bubbles in the system, which
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induced turbulence in the line,
damaging the repeatability. This
system was abandoned and the UV-
box system was employed for the
remaining work.

The exposure time of UV energy
was studied by increasing the
length of the coil resulting in a
decrease in UV lamp energy. The
flow of the solution and/or sample
was determined by the exit flow
from the chromatographic column
(1 mL min"). It was found that an
exposure time below 4 minutes did
not provide an efficient reduction
of the seleno-methionine species
and Se (VD), but it was efficient for
the seleno-cysteine and seleno-cyst-
amine species. Within a time of 4
and 5 minutes, Se-methionine was
reduced to the Se(IV) satisfactorily;
but for Se(VI) no reduction was
observed. However, all of the Se
species were reduced after 6 min-
utes of exposure.

The use of the reagents (hydro-
bromic and hydrochloric acid) and
the reducing agents (KBr, KI, and
K,S,04) was also studied. The
employment of hydrobromic acid
was abandoned due to the poor
reproducibility and low emission
intensity for Se. The reduction with
KI and K,S,04 was not satisfactory,

possibly because there was no
quantitative reduction to Se(VI)
and/or a considerable interference
from these agents. However, when
just HCI associated to the UV light
as employed in the photoreduction
on-line system, the efficiency of
pre-reduction of the different Se
species was quantitative. Concen-
trations lower than 30% (v/v) did
not provide an efficient reduction
of the different species. Best results
were observed with a 30% (v/v)
HCI concentration or higher and
this condition was selected to study
the pre-reduction step (Figure 2).
Since the on-line system needs a
(1:1) dilution at the confluence
point between the reducing agent
and the sample (Figure 1) after
chromatographic separation, a 60%
(v/v) volume of HCI was used with
success. The mixture of HCI+KBr
provided an efficient pre-reduction
of the different Se species, very sim-
ilar to 60% (v/v) of HCIL. No differ-
ences in reduction efficiency of the
different Se species were observed
when the KBr concentration was
varied. This showed that KBr was
not necessary. Thus, HCl was suffi-
cient for a quantitative pre-reduc-
tion of the different Se species and
60% (v/v) HCI was used to ensure
the efficient and quantitative pre-
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reduction of the different organic
and inorganic Se species in blood
extract.

Selenjum Speciation in Blood

The type and composition of the
mobile phase is another factor that
could influence the efficiency of
the pre-reduction step and subse-
quently the HG-ICP-OES detection
system. The acetate and phosphate
buffers studied at the different pH
values did not show a decrease in
the efficiency of the pre-reduction
step. However, when the salicylic
buffer was tested at the different
pH values, a decrease in the emis-
sion intensities was observed, possi-
bly resulting in a negative effect in
the process (mainly pre-reduction
and generation). Thus, the salicylic
buffer was discarded and not fur-
ther evaluated. In the separation
process using the phosphate buffer,
no difference was observed among
the peaks nor any overlaps or
enlargements unlike when the
acetate and salicylic buffers were
used. The total time of the
chromatogram was practically the
same, which shows very similar
behavior between the speciation in
the aqueous standard solution and
the degraded bovine blood sample,
resulting in good efficiency of the
sample preparation step. Concen-
trations lower than 40 mmol L of
phosphate buffer provided overlap
peaks of Se-methionine and
cysteine; however, Se-cysteine,
Se(IV), and Se(VD) resulted in three
good defined peaks. This mobile
phase concentration produced
higher retention time. Concentra-
tions higher than 40 mmol L! pro-
vided overlap peaks for the Se
organic and inorganic species and
resulted in two peaks.

The mechanism of separation
was based on pK,, the polarity dif-
ference. Therefore, the pH of the
solution is a very important factor
that influences the separation of
the Se species. The pH range stud-
ied was 4 to 8. A higher retained



for the HPLC-UV-HG-ICP-OES sys-
tem are listed in Table I, and a
schematic diagram of the system is
shown in Figure 1. Since no stan-
dard reference materials for specia-
tion are available, the recovery
studies were carried out in three
replicates. The accuracy of the
method was verified for the differ-
ent Se species using addition and
recuperation of 500 ug L Se.

The proposed method was
applied to the Se speciation in four
bovine blood samples, and the effi-
ciency of the method was evaluated
with recovery tests using extracted
blood spiked with 0.5 mg L of
selenocystamine, selenometylse-
lenocysteine, seleno-DL-methion-
ine, Se(IV), and Se(VD) from the
samples. The limits of detection
(LOD) and the limits of quantifica-
tion (LOQ) were calculated accord-
ing to IUPAC recommendations.

RESULTS AND DISCUSSION

Sample Preparation

The use of enzymatic hydrolyza-
tion has shown good results for
selenium speciation in a variety of
samples and for different kinds of
enzymes. It was found that time
and temperature influenced the
efficiency of the hydrolyzation
process. The effectiveness of the
bovine blood sample preparation
was evaluated visually (color of the
solution after the enzymatic reac-
tion) and addition-recovery tests
were performed for four species in
the samples. The efficiency of the
separation/pre-reduction/genera-
tion/analysis of the selenium stan-
dard added to the blood sample
was evaluated by recovery tests of
each selenium form. The solution
was divided into two parts after the
enzymatic reaction: the top was
separated and injected into the spe-
ciation system. The enzymatic
extraction provided a solution less
viscous than the blood and a
clearer solution. The recoveries
were 96% for Se(IV), 98% for

Se(VID), 91% for seleno-cystamine,
89% for seleno-cysteine, and 84%
for seleno-methionine which
proves the efficiency of the
method.

Optimization of Hydride
Generation

Selenium is an element that ben-
efits with an increase in acidity dur-
ing the hydride generation process
and is affected by HCI concentra-
tion which is used as the carrier.
The intensity of the emission for
selenium broadened when the acid
concentrations were increased
from 10-20% to 30-50% (v/v). For
subsequent studies, the concentra-
tion of 30% (v/v) was used, result-
ing in better sensitivity and %RSD
for all selenium forms. The concen-
trations of NaBH, (m/v) ranging
from 0.4-1.5% were employed for
the determination mono-elemental
Se using flow injection analysis.
Preliminary studies of the extracted
sample showed a major formation
of Se-hydride at 1.1% (m/v) NaBH,
and the same results were observed
in the present study. Lower con-
centrations (0.4 to 1.0%) showed
poor emission intensity, and con-
centrations higher than1.2% (m/v)
did not result in a significant emis-
sion improvement. Thus, the
NaBH/ concentration used in this
work was 1.1% (m/v) in 0.5% (m/v)
NaOH.

Optimization of Photo Reduc-
tion System

The parameters studied for the
optimization of the pre-reduction
step included HCI concentration,
the ultraviolet system, and expo-
sure time. The selected response
for this study was the signal-to-
noise ratio for all analytes. Since the
organic Se species are more diffi-
cult to reduce to Se(IV), this char-
acteristic was key to optimizing the
system. The photo-oxidation/
reduction system using ultraviolet
(UV) energy showed more quantita-
tive pre-reduction of the different
selenium species. Some factors
influencing the efficiency of the
photo-reduction process include
exposure time of the species to UV-
radiation and the potency of the
lamp. This first step studied was the
offline mode with UV-microwave
assistance (EDL). This system
showed an improvement in the effi-
ciency process and only 2 minutes
were necessary for the quantitative
reduction of all forms. All organic
species and Se(VI) were quantita-
tively reduced to Se(IV). However,
when the on-line system was stud-
ied, problems of repeatability and
reproducibility were observed,
probably due to an excessive
amount of gas formed. The other
problem observed with the UV/MW
system was the fast heating of the
water by microwave, generating
bubbles in the system, which
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Fig. 1. Schematic diagram of the HPLC-UV-HG-ICP-OES hyphenated system.
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induced turbulence in the line,
damaging the repeatability. This
system was abandoned and the UV-
box system was employed for the
remaining work.

The exposure time of UV energy
was studied by increasing the
length of the coil resulting in a
decrease in UV lamp energy. The
flow of the solution and/or sample
was determined by the exit flow
from the chromatographic column
(1 mL min?). It was found that an
exposure time below 4 minutes did
not provide an efficient reduction
of the seleno-methionine species
and Se (VI), but it was efficient for
the seleno-cysteine and seleno-cyst-
amine species. Within a time of 4
and 5 minutes, Se-methionine was
reduced to the Se(IV) satisfactorily;
but for Se(VI) no reduction was
observed. However, all of the Se
species were reduced after 6 min-
utes of exposure.

The use of the reagents (hydro-
bromic and hydrochloric acid) and
the reducing agents (KBr, KI, and
K,S$,04) was also studied. The
employment of hydrobromic acid
was abandoned due to the poor
reproducibility and low emission
intensity for Se. The reduction with
KI and K,S,04 was not satisfactory,

possibly because there was no
quantitative reduction to Se(VD)
and/or a considerable interference
from these agents. However, when
just HCI associated to the UV light
as employed in the photoreduction
on-line system, the efficiency of
pre-reduction of the different Se
species was quantitative. Concen-
trations lower than 30% (v/v) did
not provide an efficient reduction
of the different species. Best results
were observed with a 30% (v/v)
HCI concentration or higher and
this condition was selected to study
the pre-reduction step (Figure 2).
Since the on-line system needs a
(1:1) dilution at the confluence
point between the reducing agent
and the sample (Figure 1) after
chromatographic separation, a 60%
(v/v) volume of HCI was used with
success. The mixture of HCI+KBr
provided an efficient pre-reduction
of the different Se species, very sim-
ilar to 60% (v/v) of HCI. No differ-
ences in reduction efficiency of the
different Se species were observed
when the KBr concentration was
varied. This showed that KBr was
not necessary. Thus, HCI was suffi-
cient for a quantitative pre-reduc-
tion of the different Se species and
60% (v/v) HCI was used to ensure
the efficient and quantitative pre-
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reduction of the different organic
and inorganic Se species in blood
extract.

Selenium Speciation in Blood

The type and composition of the
mobile phase is another factor that
could influence the efficiency of
the pre-reduction step and subse-
quently the HG-ICP-OES detection
system. The acetate and phosphate
buffers studied at the different pH
values did not show a decrease in
the efficiency of the pre-reduction
step. However, when the salicylic
buffer was tested at the different
pH values, a decrease in the emis-
sion intensities was observed, possi-
bly resulting in a negative effect in
the process (mainly pre-reduction
and generation). Thus, the salicylic
buffer was discarded and not fur-
ther evaluated. In the separation
process using the phosphate buffer,
no difference was observed among
the peaks nor any overlaps or
enlargements unlike when the
acetate and salicylic buffers were
used. The total time of the
chromatogram was practically the
same, which shows very similar
behavior between the speciation in
the aqueous standard solution and
the degraded bovine blood sample,
resulting in good efficiency of the
sample preparation step. Concen-
trations lower than 40 mmol L of
phosphate buffer provided overlap
peaks of Se-methionine and
cysteine; however, Se-cysteine,
Se(IV), and Se(VD) resulted in three
good defined peaks. This mobile
phase concentration produced
higher retention time. Concentra-
tions higher than 40 mmol L! pro-
vided overlap peaks for the Se
organic and inorganic species and
resulted in two peaks.

The mechanism of separation
was based on pK,, the polarity dif-
ference. Therefore, the pH of the
solution is a very important factor
that influences the separation of
the Se species. The pH range stud-
ied was 4 to 8. A higher retained



for the HPLC-UV-HG-ICP-OES sys-
tem are listed in Table I, and a
schematic diagram of the system is
shown in Figure 1. Since no stan-
dard reference materials for specia-
tion are available, the recovery
studies were carried out in three
replicates. The accuracy of the
method was verified for the differ-
ent Se species using addition and
recuperation of 500 pg L' Se.

The proposed method was
applied to the Se speciation in four
bovine blood samples, and the effi-
ciency of the method was evaluated
with recovery tests using extracted
blood spiked with 0.5 mg L! of
selenocystamine, selenometylse-
lenocysteine, seleno-DL-methion-
ine, Se(1V), and Se(VI) from the
samples. The limits of detection
(LOD) and the limits of quantifica-
tion (LOQ) were calculated accord-
ing to IUPAC recommendations.

RESULTS AND DISCUSSION

Sample Preparation

The use of enzymatic hydrolyza-
tion has shown good results for
selenium speciation in a variety of
samples and for different kinds of
enzymes. It was found that time
and temperature influenced the
efficiency of the hydrolyzation
process. The effectiveness of the
bovine blood sample preparation
was evaluated visually (color of the
solution after the enzymatic reac-
tion) and addition-recovery tests
were performed for four species in
the samples. The efficiency of the
separation/pre-reduction/genera-
tion/analysis of the selenium stan-
dard added to the blood sample
was evaluated by recovery tests of
each selenium form. The solution
was divided into two parts after the
enzymatic reaction: the top was
separated and injected into the spe-
ciation system. The enzymatic
extraction provided a solution less
viscous than the blood and a
clearer solution. The recoveries
were 96% for Se(IV), 98% for

Se(VD), 91% for seleno-cystamine,
89% for seleno-cysteine, and 84%
for seleno-methionine which
proves the efficiency of the
method.

Optimization of Hydride
Generation

Selenium is an element that ben-
efits with an increase in acidity dur-
ing the hydride generation process
and is affected by HCI concentra-
tion which is used as the carrier.
The intensity of the emission for
selenium broadened when the acid
concentrations were increased
from 10-20% to 30-50% (v/v). For
subsequent studies, the concentra-
tion of 30% (v/v) was used, result-
ing in better sensitivity and %RSD
for all selenium forms. The concen-
trations of NaBH, (m/v) ranging
from 0.4-1.5% were employed for
the determination mono-elemental
Se using flow injection analysis.
Preliminary studies of the extracted
sample showed a major formation
of Se-hydride at 1.1% (m/v) NaBH;
and the same results were observed
in the present study. Lower con-
centrations (0.4 to 1.0%) showed
poor emission intensity, and con-
centrations higher than1.2% (m/v)
did not result in a significant emis-
sion improvement. Thus, the
NaBH; concentration used in this
work was 1.1% (m/v) in 0.5% (m/v)
NaOH.

Optimization of Photo Reduc-
tion System

The parameters studied for the
optimization of the pre-reduction
step included HCI concentration,
the ultraviolet system, and expo-
sure time. The selected response
for this study was the signal-to-
noise ratio for all analytes. Since the
organic Se species are more diffi-
cult to reduce to Se(IV), this char-
acteristic was key to optimizing the
system. The photo-oxidation/
reduction system using ultraviolet
(UV) energy showed more quantita-
tive pre-reduction of the different
selenium species. Some factors
influencing the efficiency of the
photo-reduction process include
exposure time of the species to UV-
radiation and the potency of the
lamp. This first step studied was the
offline mode with UV-microwave
assistance (EDL). This system
showed an improvement in the effi-
ciency process and only 2 minutes
were necessary for the quantitative
reduction of all forms. All organic
species and Se(VI) were quantita-
tively reduced to Se(IV). However,
when the on-line system was stud-
ied, problems of repeatability and
reproducibility were observed,
probably due to an excessive
amount of gas formed. The other
problem observed with the UV/MW
system was the fast heating of the
water by microwave, generating
bubbles in the system, which
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induced turbulence in the line,
damaging the repeatability. This
system was abandoned and the UV-
box system was employed for the
remaining work.

The exposure time of UV energy
was studied by increasing the
length of the coil resulting in a
decrease in UV lamp energy. The
flow of the solution and/or sample
was determined by the exit flow
from the chromatographic column
(1 mL min™"). It was found that an
exposure time below 4 minutes did
not provide an efficient reduction
of the seleno-methionine species
and Se (VI), but it was efficient for
the seleno-cysteine and seleno-cyst-
amine species. Within a time of 4
and 5 minutes, Se-methionine was
reduced to the Se(IV) satisfactorily;
but for Se(VI) no reduction was
observed. However, all of the Se
species were reduced after 6 min-
utes of exposure.

The use of the reagents (hydro-
bromic and hydrochloric acid) and
the reducing agents (KBr, KI, and
K,S$,0¢) was also studied. The
employment of hydrobromic acid
was abandoned due to the poor
reproducibility and low emission
intensity for Se. The reduction with
KI and K,S,04 was not satisfactory,

possibly because there was no
quantitative reduction to Se(VID)
and/or a considerable interference
from these agents. However, when
just HCI associated to the UV light
as employed in the photoreduction
on-line system, the efficiency of
pre-reduction of the different Se
species was quantitative. Concen-
trations lower than 30% (v/v) did
not provide an efficient reduction
of the different species. Best results
were observed with a 30% (v/v)
HCI concentration or higher and
this condition was selected to study
the pre-reduction step (Figure 2).
Since the on-line system needs a
(1:1) dilution at the confluence
point between the reducing agent
and the sample (Figure 1) after
chromatographic separation, a 60%
(v/v) volume of HCl was used with
success. The mixture of HCI+KBr
provided an efficient pre-reduction
of the different Se species, very sim-
ilar to 60% (v/v) of HCI. No differ-
ences in reduction efficiency of the
different Se species were observed
when the KBr concentration was
varied. This showed that KBr was
not necessary. Thus, HCI was suffi-
cient for a quantitative pre-reduc-
tion of the different Se species and
60% (v/v) HCl was used to ensure
the efficient and quantitative pre-
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reduction of the different organic
and inorganic Se species in blood
extract.

Selenium Speciation in Blood

The type and composition of the
mobile phase is another factor that
could influence the efficiency of
the pre-reduction step and subse-
quently the HG-ICP-OES detection
system. The acetate and phosphate
buffers studied at the different pH
values did not show a decrease in
the efficiency of the pre-reduction
step. However, when the salicylic
buffer was tested at the different
pH values, a decrease in the emis-
sion intensities was observed, possi-
bly resulting in a negative effect in
the process (mainly pre-reduction
and generation). Thus, the salicylic
buffer was discarded and not fur-
ther evaluated. In the separation
process using the phosphate buffer,
no difference was observed among
the peaks nor any overlaps or
enlargements unlike when the
acetate and salicylic buffers were
used. The total time of the
chromatogram was practically the
same, which shows very similar
behavior between the speciation in
the aqueous standard solution and
the degraded bovine blood sample,
resulting in good efficiency of the
sample preparation step. Concen-
trations lower than 40 mmol L of
phosphate buffer provided overlap
peaks of Se-methionine and
cysteine; however, Se-cysteine,
Se(IV), and Se(VD) resulted in three
good defined peaks. This mobile
phase concentration produced
higher retention time. Concentra-
tions higher than 40 mmol L' pro-
vided overlap peaks for the Se
organic and inorganic species and
resulted in two peaks.

The mechanism of separation
was based on pK,, the polarity dif-
ference. Therefore, the pH of the
solution is a very important factor
that influences the separation of
the Se species. The pH range stud-
ied was 4 to 8. A higher retained



time of the Seleno-amino acids was
observed when the pH values used
were above 6. In the pH range of

4 to 6, the H,PO, species are pre-
dominant in the buffer, while in the
6 to 8 pH range there is equilibrium
of two forms, H,PO,~ and HPO
(Figure 3). This difference of the
mobile phase species influenced
the separation, proposing a
stronger interaction of the analyte
and the column.

The mobile phase buffer at pH 6
showed stronger interaction
between column and SeO,* (SeVI)
and HSeO;~ (SelV), resulting in
slower elution, while the Se
organic species eluted faster and
resulted in a minor interaction with
the column. The run time for speci-
ation of these five Se forms was 16
minutes, which is very good.

The speciation of Se in the sam-
ples of bovine blood using the pro-
posed HPLC-UV-HG-ICP-OES system
with a 40 mmol L phosphate buffer
at pH 6.0 was accomplished with
success, and identification of the Se
forms was made by injecting each
one. After identification and estab-
lishing the retention times of each
peak, a sample containing 0.5 mg
L' of each species was injected and
speciation of the five peaks was
accomplished. In the blood sam-
ples, however, identification and
quantification of the species of Se
was not possible using the pro-
posed method, possibly due to the
low selenium content in the blood
samples (Figure 4).

Analytical Performance

Calibration curves with good
linear correlation coefficients
(r > 0.995) were obtained within
the 10 to 200 pg L' Se concentra-
tion range in the treated blood sam-
ples. The aqueous solution curve
should not be used as calibration
curve for speciation of Se com-
pounds since the matrix matching
mode was found to be more ade-
quate. The relative standard devia-

tions (n = 12) were < 8%, the limits
of detection 9.5, 7.2, 5.8, 3.1, 4.4
ug L', and the limits of quantifica-
tion were 31.4, 23.9, 20.1, 10.5,
and 14.5 pg L for selenocystamine,
Se-methylselenocysteine, seleno-DL-
methionine, Se(IV), and Se(VD),
respectively. The precision was
checked by recovery studies and
adding 0.50 mg L! of each species
of selenium to the blood samples.
The results in Table II show recov-
eries within 88 and 96% for seleno-
cystamine, 86 and 96% for Se-
methylselenocysteine, 82 and 90%
for seleno-DL-methionine, 90 and
96% for Se (IV), 96 and 104% for
Se(VD).

The lower quantities can be
explained by the fact that the blood
samples were from cattle without
selenium supplements in the feed.
Another factor is the dilution of the
samples in the chromatographic
column of the separation system,
where only 100-uL samples were
injected into the column. However,
the addition/recovery studies
showed that the developed method
showed promising results when the
selenium concentrations are in the
higher range (Figure 4). In addition,
a method is proposed for selenium

speciation in blood samples using a
hyphenated and alternative ICP-OES
system with an HG technique
together with an enzymatic sample
preparation step.

CONCLUSION

An alternative hyphenated tech-
nique is described using an on-line
pre-reduction HPLC-UV-HG-ICP-OES
system for Se speciation in bovine
blood. The study confirms that sele-
nium speciation is possible using a
buffer phosphate medium. The use
of enzymatic extraction solves the
big problem of maintaining the
composition, chemical structure
and information, a challenge for
speciation analysis. The proposed
detection system for selenium spe-
ciation using pre-reduction/hydride
generation was accomplished with
success in addition to being a very
inexpensive technique. The opti-
mized methodology shows good
performance for selenium specia-
tion in bovine blood and could be
applied to different areas such as
nutrition and reproduction.
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TABLE II
Results (medium + SD) of (%)Recovery for Se(IV), Se(VID),
Se-cystamine (Se-Cys), Se-cysteine (Se-Cyst), and
Se-methionine (Se-Met) From Different Blood Samples

Bloed Species Spiking Recovery Recovery
Sampies (mg L (mg L'M) %)
1 Se(IV) 0.5 0.48 96.0 .
Se(VD 0.5 0.51 102
Se-Cys 0.5 0.48 96.0
Se-Cyst 0.5 0.47 94.0
Se-Met 0.5 0.45 90.0
2 SedIV) 0.5 0.47 94.0
Se(VD) 0.5 0.49 98.0
Se-Cys 0.5 0.46 92.0
Se-Cyst 0.5 0.46 92.0
Se-Met 0.5 0.44 88.0
3 SedV) 0.5 0.47 94.0
Se(VD 0.5 0.52 104
Se-Cys 0.5 0.46 92.0
Se-Cyst 0.5 0.48 96.0
Se-Met 0.5 0.42 84.0
4 Se(IV) 0.5 0.45 90.0
Se(VD 0.5 0.48 96.0
Se-Cys 0.5 0.43 86.0
Se-Cyst 0.5 0.44 '88.0
Se-Met 0.5 0.41 82.0
300
250 ()
200 {c} ﬁ
z {b}
S 150 - {e}
=) {a}
100
50 -
a g Y 3
0 z 4 -] 8 10 12 14 16
Time (minute)

Fig. 4. Chromatogram of the different species of Se in bovine blood after enzymatic
bydrolysis using phosphate buffer of 40 mmol L' at pH=6 and columns of anionic
exchange. (a) Seleno-cystamine, (b) Seleno-cysteine, (c) Seleno-metbionine,

(d) SedV), and (e) Se(VI).
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