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Deter mination of Selenium in Water Samplesby Using a
Methylene Blue Kinetic Catalytic Spectrophotometric Method
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ABSTRACT

A Kkinetic catalytic spectrophotometric method, which was very sensitive and effective, was
developed for the determination of selenium in water samples. It based on the catalytic effect of selenium
on the reaction of methylene blue with sodium sulfide. A changein the absorbance of methylene bluewith
times at various concentrations of selenium were monitored, giving the “end point” (time) for each
concentration of selenium. A plot of end point versus selenium concentration constituted a calibration
graph, whichwaslinear in arange of 2.5-30 ppb of selenium, with the correlation coefficient of 0.9992. The
method wasappliedto determinetheamount of seleniuminthewater samplecontaining 15 ppb of selenium,
giving 91.84% recovery and the relative standard deviation of 2.27%. Compared with the hydride
generation atomi ¢ absorption spectrometry method, this method is more sensitive for the determination of
selenium in the water sample when the concentration of selenium is lower than 100 ppb.
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INTRODUCTION

Selenium is essential to life. It shares many
properties of sulfur and arsenic. Itscompounds are
covalent existing in severa allotropic forms
including Seg. The oxide dissolvesin diluted bases
togiveselenitessuch asNay,SeOs. Althoughitisan
essentia nutrient in small amounts, selenium and
its compounds are toxic at dightly high levels.
Elemental selenium is widely used in electronic
semiconductors, as it conducts electricity in the
light, and hexavalent selenium occurs widely as
selenateinnatural waters. Theacuteoral doseL Dgy
of sodium selenite in rats is 7 mg/kg, and that of
sodium selenate is 4 mg/kg, with its the principal
actionaffectingthenervoussystem (Crosby, 1998).

Selenium has been determined by many methods
but the most common method ishydride generation
atomic absorption spectrometry (Cassella et al.,
2002; Bujdoset al., 1999). The hydride generation
atomic absorption spectrometry (HGAAS) method
is sensitive but the experimental equipment is not
readily available in many laboratories. However,
spectrophotometer whichismuch cheaper andeasier
tooperate, isreadily accessibleinmost laboratories.

There are several spectrophotometric
methodsfor thedetermination of selenium (Afsar et
al., 1989) but most of them have limited sensitivity
and often high detection limit (ppm to sub-ppb)
which can not be used to detect selenium in the
samples containing selenium in the level of ppb.
However, kinetic catalytic spectrophotometric
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methods have yielded better detection limits for
selenium determinations than simple
spectrophotometric methods (Shiundu and Wade,
1991; Mottola and Perez-Bendito, 1992). The
method based on catalytic effect on areduction of
methylene blue (M B) by sodium sulfide (West and
Ramakrishna, 1968) :

2MB + S* +2H,0 —> 2HMB +
20H" + S

In the reduction, the colour of methylene
blueis blue; after the reduction of methylene blue
by sodium sulfide, the reaction gives HMB which
is colourless. In the presence of excess sulfide,
sulfur will combine with sulfide ions, and give the
polysulfides :

S+ —>[S—S]?%

Similarly, when selenium combines with
sulfideions, it gives selenosulfides :

Se+ &——>[S—Se] Z

Then selenosulfides react with methylene
bluein asimilar way to the sulfideions:

2MB + [ S—Se ]% + 2H,0 ——>
2HMB + 20H" + S+ Se

However, the selenosulfide ion reacts with
methylene blue more quickly than sulfide ion and
selenium is generated at the end of the reaction.

Gokmen and Abdelgader (1994) used the
kinetic catal yti c spectrophotometric method for the
determination of seleniuminurinesamples(84.9%
recovery). A plot of t-1 (reciprocal of timeat theend
point) versus various concentrations of selenium
was used asthe calibration graph. In this study, we
triedtosimplify the catal ytic method by using apl ot
of time (end point) versusvariousconcentrationsof
selenium as the calibration graph which made
method more convenient to useinlaboratories. The
catalytic method was aso tried to be used in
analyzing avery low concentration of seleniumin
water samples that could not be determined by
using the HGAAS methods because of high
detection limit.

MATERIALSAND METHODS

Reagents

All reagents used were analytical reagent
grade and their solutions made up in deionized
water. Formaldehyde solution (assay 37%) was
purchased from BDH (Poole, England).

Preparation of solutions
- Preparation of selenium standard solution

Selenium atomic absorption stock solution
(1000 ppm Merck, Darmstadt, Germany) was used
to prepare Se(1V) (10 ppm) by diluting the stock
solution with 1% HNO3 (Malinckrodt, Kentucky,
USA). The selenium standard solution (10 ppm)
was diluted to lower concentration (2.5-30 ppb) by
1% HNOs.
- Preparation of conditioner solution

Conditioner solutionwasprepared by mixing
0.69gEDTA (Merck, Darmstadt, Germany), 0.0145
g FeClz(Merck, Darmstadt, Germany) and 1.25 ml
triethanolamine [(HOCH,CH5)3N] (Merck,
Darmstadt, Germany) together and dissolving the
mixtureindeionized water, thendilutingto 250 ml.
- Preparation of methylene blue solution (0.05%

MB)

Methylene blue solution was prepared by
0.05 g of dissolving methylene blue (Merck,
Darmstadt, Germany) in deionized water, then
diluting to 100 ml.
- Preparation of sodium sulfide solution

Sodium sulfide solution was prepared by
dissolving 5.04 g NapS.9H,0 (Ajax Chemical,
Auburn, Australia), 4.80 g of NaySO3 (Merck,
Darmstadt, Germany) and 1.60 g NaOH (Carlo
Erba, Va de Reuil, France) in water, then diluting
to 100 ml.
- Solution of theinterfering ions

Potassium solutions were prepared from
KCI (Carlo Erba, Val de Reuil, France)

CalciumsolutionswerepreparedfromCaCl,
(Carlo Erba, Val de Reuil, France)
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Magnesium solutions were prepared from
MgCl, (Carlo Erba, Va de Reuil, France)

Zinc solutions were prepared from ZnCl,
(Ajax Chemical, Auburn, Australia)

Iron Solutions were prepared from FeCls
(BDH, Poole, England)

Apparatus

A double beam UV-Visible Spectrophoto-
meter (JASCO model 7800) was used to record
absorbance versus wavelength and absorbance
versustime.
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Experimental procedure

Each experiment was carried by adding 6.5
ml standard selenium (or samples), 1.0 ml
formaldehyde, 2.5 ml conditioner solution, 0.5 ml
sodium sulfide solution and 1.0 ml methylene blue
solution into a beaker (The time interval for each
additionwas 30 seconds). Recording absorbanceat
wavel ength 668 nmwhichistheabsorption maxima
of methylene blue (Figure 1) versustime spectraat
roomtemperatureisshowninFigure2. Thetime(t)
for completion of the reaction between methylene
blue and sulfide were determined from the
intersection of the two tangents.

RESULTS AND DISCUSSION
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Figurel Absorption spectrum of methylene blue.

2.000
1.800
1.600
1.400
1.200
1.000
0.800
0.600
0.400
0.200
0.000 3 r r r r

Absorbance

700 800 900 1000

Wavelength (nm)

0 20 40 60 80

100

120 140
Time (second)

160 180 200 220 240

Figure2 Absorbance versustime spectrum for the mixture of standard selenium solution and methylene

blue at 668 nm.
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RESULTSAND DISCUSSION

Optimization of experimental parameters

In these experiments, the concentration of
methylene blue, formaldehyde and conditioner
solution werekept constant. Only the effect of time
interval before recording the absorbance and
concentration of sodium sulfide solution were
investigated in order to increase the sensitivity of
the catalytic method. The reason for fixing the
volumeof 0.05% methyleneblueat 1.0 ml wasthat,
wewouldliketousethemethodfor thedetermination
of selenium at very low concentration of water
samples which could not be determined by the
HGAASmethod. High concentration of methylene
blue in the analyzing solution could affect the
accuracy of themethod. For iron(l11), it wasreported
that in the presence of Nap,H,EDTA and sulfide, a
faintly cherry-red coloured complex formed on the
addition of iron(l1l) resulting in the removing
dissolved oxygen (West and Ramakrishna, 1968).
Thismeantthatiron(l11) could enhancethereduction
of methylene blue by selenosulfide. As Gokmen
and Abdelgader’ sworks(1994), ferricchloridewas
a soused aspart of theconditioner solutiontogether
with  NayH>EDTA and triethnolamine.
Triethanolamine and formaldehyde do not have
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any effect on the catalytic reaction but may helpin
maintaining the higher oxidation state of iron by
suppressing the reducing power of sodium sulfide
oniron(l11)(West and Ramakrishna, 1968). EDTA
was a general masking agent to eliminate several
interferingionsby complexingthemand preventing
their reactions with the sulfide ion.
- Effect of timeinterval before spectrumrecording

Intheexperiment, all other parameterswere
kept constant except the time interval after mixing
the solution and recording a spectrum. Figure 3
showsthe adsorption spectra of selenium solutions
wherethetimeinterval are 20, 40, and 60 seconds.
The end point was found to change significantly
withthetimeinterval, hencefixingthetimeinterval
before recording the spectrum was very important
in determining the amount of selenium in the
samples. The time interval for 20 seconds was
chosen for all experiments with the following
reasons; firstly, for increasing in an accuracy in
determining the end point from the spectrum and,
secondly, for time saving.
- Effect of concentration of sodium sulfide in the

analyzing solution

In this experiment, al others parameters
were kept constant except the concentration of
sodium sulfide solution. The volumes of sodium
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Figure3 Absorbance versustime spectrafor the analyzing solution at 668 nm when timeinterval before
recording the spectrawere (@) 20 seconds (b) 40 seconds (¢) 60 seconds.
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sulfide solution used were 0.5, 1.5 and 2.0 ml. The
absorption spectraareshowninFigure4. Wefound
that the end pointswere changed significantly with
the volume of sodium sulfide solution changed.
When the concentration of sodium sulfide were
high (1.5 and 2.0 ml), the accuracy in determining
the end point reduced. This might be because, at
high concentration, sodium sulfide exceedingly
stimulated the methyleneblueto HM B (colourl ess)
and caused difficulty in determining the end point,
therefore volume of sodium sulfide solution at 0.5
ml was chosen for all experiments.
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Calibration graph, recovery and accuracy of the
method

After studying the effect of concentration of
sodiumsulfideandthetimeinterval beforespectrum
recording, conformity to Beer's law over the
concentration of selenium was determined. Under
theoptimized condition, end point changedlinearly
with selenium concentration over therangesof 2.5-
30 ppb. The linear calibration graph with the
correlation coefficient of 0.9992isshowninFigure
5. For the water sample containing 15 ppb of
selenium, it was found that the kinetic catalytic
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Figure4 Absorbance versus time spectra for the analyzing solution at 668 nm when volume of sodium
sulfide solution were (a) 0.5 ml (b) 1.5 ml (c) 2.0 ml.
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Figure5 Thecalibrationgraphforthedetermination of seleniuminthewater sampleby usingthecatalytic
method (aplot of end point versus selenium concentration, correlation coefficient(r) = 0.9992)
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spectrophotometric method gave 91.84 % recovery
with therelative standard deviation of 2.27%. This
meant that the catalytic method was very sensitive
and effective for the determination of seleniumin
the samples containing seleniuminthelevel of ppb

Interference studies

The ions chosen for interference studies
were K+, Mg?*, Ca2*, Zn?* and Fe3* which were
normally present in high concentration in water
samples. Different concentrations of individual
interferentionswereaddedtothesamplesconsisting
of 15 ppb selenium. Theconcentration of thestudied
ionincreased until the error in determination of 15
ppb selenium was over 2SD (SD = standard
deviation, confidence limit = 95%). The tolerance

Tablel Tolerance ratio for various interfering
ions on the determination of 15 ppb

Se(1V).
lons Toleranceratio
K* 7000
Mg2* 3000
Ca2+ 2000
Fe3+ 55
Zn%+ 45
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ratio wasdefined astheratio of the concentration of
theion causing error over 2SD inthe determination
of selenium to the concentration of seleniumwhich
was cal culated for each ion studied (table 1). Of the
studied ions, Zn?* had the lowest tolerance ratio,
followedby Fe3*, Ca2*, Mg?*, and K *, respectively.
This implied that the removal of Zn?* and Fe3*
from the samples before the determination of
selenium by this catalytic method is necessary.
However, Ca2*, Mg?*, and K*, seemed not to have
affect on the determination of selenium by this
method.

Comparison of thekineticcatalyticspectr ophoto-
metric method with the HGAAS method
Concentration of seleniumin five unknown
water samples(supplied by theanal ytical |aboratory
of Thailand Instituteof Scientificand Technological
Research) were determined by the catal ytic method
and the HGAAS method. Theresultsare shownin
table 2. The kinetic catalytic method had an
advantage in determining of selenium in the water
sample at the concentration lower than 0.1 ppm
which isthe lowest limit of the HGAAS method.

CONCLUSION

The kinetic catalytic spectrophotometric

Table2 Comparison of thekinetic catalytic spectrophotometric method with the HGAAS method for the
determination of selenium in the water samples.

Sample HGAAS method? Kinetic catalytic
spectrophoto metricmethod?
1 <0.1ppm 100 ppb
2 <0.1 ppm 70 ppb
3 <0.1 ppm 50 ppb
4 <0.1ppm 25 ppb
5 < 0.1 ppm 70 ppb

a= HGAAS method was determined and reported by the Analytical laboratory of Thailand Institute of Scientific and Technological

Research.
b = average value from 4 replicates.
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method based on the catal ytic effect of seleniumon
the reaction of methylene blue with sodium sulfide
had a high sensitivity and accuracy in determining
the concentration of selenium in water samples,
with the relative standard deviation of 2.27% at
15.00 ppb standard selenium. This method is easy
to use and has an advantage over the hydride
generation atomi c absorption spectrometric method
(HGAAYS) in determination of selenium at a very
low concentration (< 0.1 ppm).
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