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ABSTRACT: Three spectrometric methods, that is, spectrofluorimetry (SF), atomic absorption spectrometry with electrothermal atomization (ET-
AAS), and atomic fluorescence spectrometry with hydride generation (HG-AFS) were used for the determination of total selenium in biological sam-
ples taken from postmortem material in a case of acute selenium compound poisoning. The precision of the SF, ET-AAS, and HG-AFS methods
(RSD, n = 10) was found to be in the ranges of 10.0–15.0, 3.0–6.0 and 1.0–1.5%, respectively, and the detection limit was 10.0, 4.0, and 0.1 lg ⁄ L
of Se, respectively. In the case of HG-AFS, the analytical procedure takes less time and is less laborious than the other methods considered. The
obtained results show the usefulness of the HG-AFS method as a supplementary analytical tool to the SF and ET-AAS methods with respect to the
determination of selenium as well as the possibility of using this method as a primary one in forensic toxicology practice.
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Selenium is an essential trace element at low concentrations in
many species, including humans, but toxic at high concentrations
(with an approximately three to fourfold difference in blood ⁄ serum
concentrations in regards to toxicity; [1–3]). It is a critical nutrient
for animals, and for human health in the range 40–100 lg per day,
but can be toxic above this value (depending on age; [1]). The
essential role of selenium is due to its presence in the active sites
of some enzymes (e.g., glutathione peroxidases, dehydrogenases,
iodothyronine-5¢-deiodinase), selenoproteins (e.g., selenoprotein P
in serum; [4,5]), the catalytic effects of selenium compounds on
reactions of intermediate metabolism, and inhibition of the toxic
effect of heavy metals, such as Ag, Hg, and Cd, by formation of
stable and less toxic compounds (2,6). Moreover, selenium is one
of the constituents of the detoxification system in the human and
animal organism (including detoxification of organic compounds
released during infections, traumas, and stresses), and is involved in
maintaining homeostasis (1). Acute selenium toxicity has been
observed in experimental animals (7). Reports of acute selenium
poisoning in humans are rare (5,8–10); only about 20 cases were
reported until 2008 (11).

Consequently, it is important to determine selenium in internal
tissues and body fluids to investigate the effect of selenium on
human health or to evaluate a poisoning. The determination of
selenium in biological and environmental samples requires sensi-
tive and accurate analytical techniques. Care should also be taken

to avoid sources of systematic error including loss of volatile
selenium compounds in all the steps from sampling to the final
measurement (2,12). Determination of selenium in body fluids
and tissues is usually carried out by molecular fluorescence spec-
trometry, that is, spectrofluorimetry (SF; [13–15]), atomic absorp-
tion spectrometry using either hydride generation or direct
electrothermal atomization (HG-AAS or ET-AAS [8,15–18]),
atomic fluorescence spectrometry with hydride generation tech-
nique (HG-AFS; [19–24]), gas chromatography-mass spectrometry
(GC-MS [10]), neutron activation analysis (NAA; [25]), and other
methods (18). The modern method of inductively coupled plasma-
mass spectrometry (ICP-MS; [26–28]) has some advantages over
rival techniques, including low detection limits and speed of anal-
ysis; however, not all determinations are straightforward, in partic-
ular, the determination of selenium in serum—the sensitivity with
conventional ICP-MS is generally poor because only 30% ioniza-
tion is achieved with an argon plasma and that there are rela-
tively high spectroscopic interferences caused by the formation of
argon polyatomic species (26). Moreover, NAA and ICP-MS
methods are not readily accessible by many laboratories (at least
in Poland) because their running costs are very high. Determina-
tion of selenium in body fluids by inductively coupled plasma-
optical emission spectrometry (ICP-OES) in the range of 0.1–
100 mg ⁄L is burdened with spectral (most probably from CO
molecules) and nonspectral (from C, S, P and Br) matrix interfer-
ences (29,30). ET-AAS is the most common method for analysis
of trace elements in biological fluids and solid samples (8,15,16).
Generally, this technique has been used in routine casework con-
cerning fatal metal poisoning, whereas the SF method serves as a
complementary method for selenium determination in different
materials.
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The aim of this work was to compare three spectrometric meth-
ods: SF, ET-AAS, and HG-AFS for the determination of total sele-
nium in biological materials for forensic purposes. Both the SF and
ET-AAS methods are routinely used in the Institute of Forensic
Research in Krakow in casework concerning fatal metal poisoning
and the obtained results have been submitted in court. The HG-
AFS procedures have been developed in the Laboratory for Foren-
sic Chemistry at the Jagiellonian University for determination of
total selenium in human blood and hair (19,20). In this work, all of
these methods were applied to analysis of postmortem material col-
lected in a case of acute poisoning.

Materials and Methods

Reagents and Samples

Standard stock solutions containing 1000 mg ⁄ L Se were pre-
pared from Titrisol standards (Merck, Darmstadt, Germany). For
digestion procedures: concentrated HNO3, H2SO4, and HClO4

(Merck) were used. For quantification, the following were used:
concentrated HCl (POCh, Gliwice, Poland); 2% (m ⁄ v) NaBH4

(Merck); 0.5% (m ⁄ v) NaBH4; 2,3-diaaminonaphthalene (DAN;
[Sigma-Aldrich, St. Louis, MO]) solution (100 mL 0.1 M
HCl + 500 mg NH2OH.HCl + 100 mg DAN) prepared in semi-
darkened room or in room in only yellow light, fresh for each set
of determinations, purified by double extraction with 10 mL cyclo-
hexane, Na-EDTA, NaF (POCh) in solution (74.5 g Na-EDTA and
6.7 g NaF ⁄L); and palladium modifier (Merck; 10 g Pd(NO3)2 ⁄ L
in 15% HNO3), diluted 10 times before analysis.

All reagents were analytical grade. Doubly deionized water
(<1.0 lS ⁄ cm) from Barnstead (Dubuque, IA) was used throughout.

Standard reference material (Bovine Liver SRM 1577b; National
Institute of Standards and Technology, Gaithersburg, MD) was
examined.

Case Study and Postmortem Examination

A 22-year-old student of biology, who was carrying out experi-
ments for her Master’s thesis, ingested about 20 mL of sodium
tetraoxoselenate(VI) with suicidal intent. After admission to hospital
(with vomiting, severe diarrhea, and abdominal pains), she developed
cardiovascular failure, and a strange smell emanated from her whole
body. Postmortem examination revealed cerebral edema, focal fibro-
matosis of the heart, and massive congestion with focal hemorrhage
in the lungs. In the stomach, there was a focal superficial necrosis of
the gastric mucosa and granulocytic infiltration in the submucosa.

Autopsy material (sections of internal organs: stomach, liver, kid-
ney, lung, and blood sample) was subjected to chemical-toxicologi-
cal examination for selenium by use of the three methods
mentioned above. Two wet digestion methods described below
were used to decompose the organic matrix of all samples.

Digestion Procedures

Method A—wet digestion in a Bethge apparatus (LABART,
Gdansk, Poland): 1 mL of blood sample or 1 g of homogenized tis-
sue, or 0.5 g of lyophilized certified reference material was minera-
lized in a Bethge apparatus, using 9 mL of concentrated nitric acid
and 3 mL of concentrated perchloric acid followed by oxidation
with 2 · 1 mL 30% hydrogen peroxide. The final volume of the
solution was 30 mL.

Method B—microwave digestion in the system MARS X (CEM
Corp., Matthews, NC): 0.5 mL of blood sample or 0.5 g of a

sample of a homogenized tissue or the reference material was
placed in a high-pressure teflon vessel, 7 mL of concentrated
HNO3 was added and then the vessel was closed and transferred
into a microwave oven for digestion. The program of mineraliza-
tion is described in detail in Table 1. After digestion, the vessel
was cooled to a temperature of 25�C. Then it was opened and the
gas above the sample was removed by a stream of nitrogen. To
avoid the strong negative influence of nitrogen oxides on the ana-
lytical results (20,31), nitrogen oxides were removed from the min-
eralized sample using a stream of inert gas (nitrogen) for 10 min.
Then the sample was transferred into a 25 mL volumetric flask,
and 12.5 mL of 6 M hydrochloric acid (as a pre-reduction reagent)
was added and the solution was diluted to the mark with water.

SF Method

Selenium(VI) in the digestion solution, 1–10 mL (method A)
was reduced with 10 mL of 6 M hydrochloric acid at 100�C (1 h)
to selenium(IV) and then quantified by the SF method using proce-
dures modified by Tamari et al. (13) and Petterson et al. (14) pro-
cedures. Complexes of selenium with 5 mL DAN (piazselenols)
were extracted into cyclohexane (2 · 10 mL) at pH 1.8 in the pres-
ence of 2 mL EDTA-NaF solution, shaken for 2 min, and after
5 min separated. The detection limit was 10 ng of selenium. A flu-
orescence spectrometer F-2000 from (Hitachi Ltd, Tokyo, Japan),
equipped with xenon lamp 1.0-cm (pathlength) quartz cuvettes, was
used for measurements. The excitation wavelength was 366 nm;
the emission (fluorescence) was measured at 554 nm.

ET-AAS Method

After digestion (method A), the sample was transferred into a
15 mL volumetric flask and diluted to the mark with water. Then a
10 lL aliquot of a diluted solution of palladium modifier was intro-
duced into a graphite tube followed by 20 lL of digested sample.
Measurements were carried out with the use of a Pye Unicam
9100X atomic absorption spectrometer (Philips, Cambridge, Great
Britain), with deuterium background correction. The signals were
obtained using an ashing temperature of 1100�C and an atomization
temperature of 2400�C. The standard addition method was used for
quantification.

HG-AFS Method

The sample solution after digestion (method B) was introduced
into the flow hydride generation system and merged with a solution
containing 2% (m ⁄ v) sodium tetrahydroborate and 0.5% (m ⁄ v)
sodium hydroxide. Hydrochloric acid at a concentration of 3 M
played the role of a carrier solution. A double-channel atomic fluo-
rescence spectrometer AFS-230 (Beijing Haiguang Instrument Co.,
Beijing, China), equipped with a 130-positional autosampler and a
flow hydride-generation system with an intermittent flow method
was used for the measurement of analytical signals. The light
source was a cathode lamp (Se-HCL) with an operating current

TABLE 1—Parameters of the optimized microwave digestion procedure.

Stage
Power

(%)
Temperature

(�C)
Pressure

(Psi)
Ramp Time

(Min)
Hold Time

(Min)

I 90 180 340 4.00 4.00
II 90 200 350 4.00 4.00
III 95 220 360 4.00 4.00
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(pulsed value) of 100 mA. Argon was used as the shield and the
carrier gas with a flow of 800 and 500 mL ⁄min, respectively. The
atomization process occurred in an Ar-H2 flame at a temperature of
200�C. Conventional methods were used for calibration.

Results and Discussion

The procedures for the determination of selenium by means of
the three considered methods were validated using both standards
and real samples. The most important defined analytical parameters
are presented in Table 2. The SF method—very popular in routine
work—is selective for selenium and provides an opportunity to
determine this element in a wide concentration range. However, it
is time-consuming and provides analytical results that are poor in
terms of precision. As can be seen, selenium can be determined in
better analytical conditions by means of ET-AAS, which is charac-
terized by good sensitivity and precision. The problem is the matrix
effect occurring in this method as spectral (caused by phosphorus
species or atomic iron) and volatilization (selenium may be lost in
low temperature) interferences. For this reason, the standard addi-
tion method has to be applied for quantitation with use of different
modifiers, which makes this technique more time-consuming and
expensive. HG-AFS turned out to be the method of choice, exhibit-
ing the best sensitivity and precision as well as sufficient linearity.
Interferences, which could be caused by nitrogen oxides, can easily
be avoided at the digestion step; hence, it is possible to calibrate
using a set of standards. In addition, as the microwave digestion
process is relatively simple and fast, the complete analytical proce-
dure takes the shortest time. Another advantage of HG-AFS is the
very low detection limit (due to low background noise), although
for both SF and ET-AAS, the detection limit was found to be low
enough to determine selenium contained in the biological samples
examined.

Selenium was determined in reference material 1577b Bovine
Liver (National Institute of Standards and Technology) and in post-
mortem material taken from the autopsy in the mentioned case of
poisoning of the young woman (22-years-old). The analytical
results obtained are shown in Table 3.

The examinations performed proved that all three considered
methods are able to provide very good results in terms of accuracy
(compared with the certified value of Se in the reference material).
The reason for the differences between the selenium content found
by the three methods in individual tissues might lie in difficulties
in making the samples perfectly homogeneous before the digestion
process (in blood samples, which were free of such difficulties,
selenium was determined to be at the same concentration). It is also

seen again that the results obtained by HG-AFS are, as a rule,
much more repeatable than those obtained by the SF and ET-AAS
methods.

The selenium content found in stomach was up to 30 times
higher than the physiological level (31). In other organs, it
exceeded physiological levels by 10–20 times with the relatively
lowest value in lung tissue. The selenium concentration in blood
was about 10 times higher than the normal selenium level in the
blood of healthy people (10,32–35).

Conclusion

Based on the examinations performed, it can be stated that the
HG-AFS method is a very useful analytical tool for determination
of selenium in biological materials. In the case of human tissues
collected after acute selenium poisoning, it can be considered as
very competitive and complementary in relation to other analytical
methods (SF, ET-AAS) applied routinely in this area for forensic
purposes. Moreover, as it offers a low detection limit, a relatively
dynamic range as well as very good accuracy and precision, HG-
AFS can also serve in the reliable determination of selenium at
very low concentrations; hence, it can be used to solve various tox-
icological and clinical problems connected with this element.
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