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INTRODUCTION

It is well known that the selenium is an essential trace
element fundamental to human health. It is an important part
of antioxidant enzymes that protects cells against the effects
of free radicals that are produced during normal oxygen
metabolism. Selenium is also essential for normal functioning
of the immune system and thyroid gland and it also has addi-
tional important health effects in relation to the immune
response and cancer prevention'. Selenium intake is usually
provided by a normal diet and water and it is mainly excreted
in urine’. Thus, the selenium content in urine is a useful indicator
of selenium status in the organism®. So, the determination of
selenium in urine and drink water is indispensable. At present,
several analytical techniques have been applied to the determi-
nation of selenium in biological and water. The most important
are fluorometry, voltammetry, hydride generation atomic
absorption spectrometry (HG-AAS), hydride generation
atomic fluorescence spectrometry, graphite furnace atomic
absorption spectrometry and mass spectrometry*®. Hydride
generation atomic absorption spectrometry is usually the
method of choice where simplicity, sensitivity and short analysis
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time is required’''. Although HG-AAS methods is powerful
analytical tools for determining trace selenium, pre-concen-
tration and separation techniques are still necessary, due to
high salt content in addition to the presence of a number of
organic constituents'.

The widely used techniques for the preconcentration and
separation of trace selenium include thiol cotton extraction',
coprecipitation', adsorption®, flotation'’, iron (Fe*) oxide/
hydroxide-based nanoparticles sol (NanoFe)'” and on-line ionic
liquid dispersive microextraction'®, ezc. However these conven-
tional techniques have their own inherent limitations such as
less efficiency, using health hazardous reagents, sensitive
operating conditions, production of secondary sludge and
further the disposal is a costly affair. Hence, there is great
demand for a sensitive, low-cost and non-polluting pre-
separation and enrichment method for determination of trace
selenium.

Recently, as a new solid-phase extraction (SPE) agent,
the modified organobentonite by dithizone (D-O-bentonite)
has been applied to enrichment and separation of lead,
cadmium and thallium with satisfied results'**'. But the D-O-
bentonite use in pre-concentration/separation of selenium has
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not been studied. In this work, D-O-bentonite was used as a
solid-phase extraction agent to preconcentration and separation
of selenium in the human urine and water.

EXPERIMENTAL

Modified organobentonite with dithizone (D-O-bentonite)
was prepared according to our previous work'** . Selenium(IV)
stock solution (0.1 mg/mL), (Tian Jin Hua Te Hua Yan Science
and Technology Co., Ltd.). The working standard solutions
were prepared daily by successive dilution from the stock
solution. Standard solution of each interfering ion was prepared
from its analytical soluble salt. All the reagents used in this
study were of analytical reagent grade. Distilled water was
used throughout.

Atomic absorption spectrometer (WY X-9003A, Shenyang
Yi Tong Analytical Instrument Co., Ltd.). A selenium hollow
cathode lamp was used as a light source, a WHG-102A hydride
generator. The operating parameters are as follows: the wave-
length for selenium was 196.0 nm; spectral band-pass of 0.4 nm;
lamp current is 5.0 mA, Argon gas consumption, 200 mL/min;
reductant agent, 1 % NaBH, solution; carrier liquid, 1 % HCI.

A constant temperature bath shaker (Jintan Experiment
Instrument Factory, Jiangsu China).

Adsorption experiments: A 50 mL calibrated colori-
metric cylinder with plug was prepared; Se(IV) solution was
added into it. Added to 25 mL HCI and dilution to the mark
with water, then 0.5 g of D-O-bentonite was added. Being
shaken for 10 min, the solution was separated from the adsor-
bent using a percolator. Then the concentrations of Se(IV) were
determined by the hydride generation-atomic absorption
spectrometer and adsorption capacity was calculated.

After adsorption, the Se(IV) loaded adsorption agent was
washed with 6 mol/L HCI to remove any unadsorbed Se(IV).
The adsorbed Se(IV) was eluted with S mL of 1 g/LL sodium
hydroxide solution. The concentration of the Se(IV) in the
eluent was determined by HG-AAS and the recoveries were
calculated from concentrations of eluent.

RESULTS AND DISCUSSION

Acid and its dosage: It is known that the acid and its
dosage of the medium governing the complexation of dithizone
with Se(IV). The acid and its dosage of medium has been the
most important variable governing Se(IV) adsorption onto
D-O-bentonite. The effect of H,.SO,4, HCl and HNOj and their
dosage on the adsorption were investigated (Fig. 1). The
results showed that adsorption percentage had maximum in
HCI when the dosage was 20-30 mL/50 mL. So, in this study,
the dosage of HCI was 25 mL/50 mL.

Effect of contact time: The influence of shaking contact
time on the adsorption was studied. From the Fig. 2, it could
be seen that the amount of adsorption increased with increasing
the shaking time. The maximum adsorption capacity was
observed after 10 min, beyond which there was almost no
further increase in the adsorption. So, the shaking time chose
10 min in this work.

Static adsorption capacity: At room temperature, in 50
mL solution, when the dosage of HCI was 25 mL and the
shaking time was 10 min, the adsorption capacity of D-O-
bentonite to Se(IV) was 12.09 mg/g.
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Fig. 2. Effect of contact time on adsorption

Elution: According to the Fig. 1, the adsorption of Se(IV)
could be negligible when used acid content were less than
0.1 mL. Therefore, after adsorption under the optimized
adsorption conditions, 5 mL of sodium hydroxide solution at
different concentration were chosen to be eluents in desor-
ption of Se(IV) adsorbed on D-O-bentonite by shaking 5 min.
The results showed that recovery of using 5 mL of 1 g/L
sodium hydroxide solution was up to 99 %. So, in this paper,
5 mL of 1 g/L sodium hydroxide solution was chosen.

After elution, the D-O-bentonite was dried under 50 °C
and reused 10 times. Its adsorption performance did not
decrease, indicating that D-O-bentonite was very stable.

Enrichment factor and detection limit: For studied the
possibility of enriching low concentrations of Se(IV) from
large volumes, 0.050 pg of Se(IV) was dissolved in various
volume (including 20, 50, 100, 250 and 500 mL) of water
together. After adsorption, the samples were eluted. The
amounts recovered are listed in Table-1. It could be seen that
when the solution volume was 500 mL, the recovery was above
90 %. The enrichment factor was 100. The detection limit of
Se(IV) was 0.0076 pg/L.

TABLE-1
PRECONCENTRATION AND RECOVERY OF Se(1V)

Volume of the Quantity in Recovery Enrichment
solution (mL) eluent (ug) (%) factor

20 0.0481 96.2 4

50 0.0493 98.6 10

100 0.0479 95.8 20

250 0.0483 96.6 50

500 0.0457 914 100
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Interferences: The effects of common coexisting ions
on the extraction of Se(IV) were investigated, various inter-
ference ions were added into a 50 mL volumetric flask conta-
ining 0.1 pg of Se(IV). The experimental results showed that
recoveries of the Se(IV) remained above 90 % even in the
presence of ions in the following concentrations: 1000 mg/L
for Na*, K*, NH,* and NO;; 500 mg/L for Ca*, Mg*, Al**,
Cr(1ID), Ag*, Co™, Ni**, Cu**, Cd**, Pb** and Zn*; 10.0 mg/L
for Cr(VI), Fe**. It will be seen that the recovery of Se(IV)
was essentially quantitative in the presence of foreign ions.
Therefore these ions produce no interference in the extraction
of Se(1V).

Analysis of real samples: The solid-phase extraction
method was applied to the preconcentration/ separation and
determination of selenium in the human urine samples and
tap water. According to normal method", the samples were
pretreatment and the selenium level found in the samples. The
results obtained are reported in Table-2. The recoveries were
92.5-106.9 %.

TABLE-2
DETERMINATION OF SELENIUM IN
URINE AND WATER SAMPLES (n = 6)

Sl Added Found RSD Recovery
(ng/L) (ng/L) (%) (%)

Usi 0 38.34 2.24 —
Smr;‘f: . 10 49.03 461 106.90
50 87.22 1.22 97.76

Urine 0 27.51 2.37 -
T 10 36.76 3.28 92.50
50 76.39 2.01 97.76

0 0.2080 4.69 -
Tap water 0.1 0.3019 5.88 93.90
0.5 0.7022 3.65 98.84

0 21.92 2.96 -
Well water 10 31.58 1.07 96.60
50 70.44 3.64 97.04

Conclusion

We have proposed a novel application of modified organo-
bentonite with dithizone (D-O-bentonite) to the preconcentration

and separation of selenium. In HCl medium, the adsorption
time was 10 min, the selenium could be adsorbed on the D-O-
bentonite. The adsorbed capacity was 12.09 mg g'. The
selenium adsorbed on the sorbent could be completely eluated
by using 5 mL of 1 g/L sodium hydroxide solution. The
proposed method has been applied to the pre-concentration/
separation of selenium in human urine, tap water and well
water samples with satisfactory results.
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