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ted novel method for the
determination of selenium in environmental
samples using a chromogenic reagent
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Masafumi Yoshidad and Surendra Prasad *e

A novel, simple, sensitive and rapid spectrophotometric method for the determination of selenium(IV) in an

acidic medium using rhodamine B hydrazide (RBH) has been developed. The method is based on the

micellar mediated oxidation of RBH by Se(IV) in an acidic medium to produce a pinkish violet color of

rhodamine B, which was monitored spectrophotometrically at lmax 585 nm. The sensitivity of the

method was found to increase when the reaction was performed in a micellar medium. Beer's law was

obeyed in the concentration range of 0.002–0.032 mg mL�1. The reaction variables such as time,

temperature, reagent concentration, and acidity have been optimized for the reaction. Sandell's

sensitivity and molar absorptivity for the reaction system were found to be 0.00004 mg cm�2 and 42.52

� 106 L mol�1 cm�1, respectively. The developed method was successfully applied for the determination

of Se(IV) in several real samples with quantitative results.
1. Introduction

Selenium is both a micronutrient and toxic element for living
beings. It is an essential nutrient of fundamental importance to
human health. This trace mineral is a component of many
metabolic pathways, e.g., the metabolism of the thyroid
hormone.1 Depending on the concentration level, it plays an
important role in physiological systems including normaliza-
tion of sugar levels, participation in various enzyme systems as
an inhibitor and cofactor and as a catalyst for the oxidation of
various amines.1 It is a vital element for the human body, due to
the physiological functions it perform as a catalyst for the
production of the active thyroid hormone and its protective
effects as an antioxidant.2 It is an essential element with the
narrowest tolerance window in comparison to other elements.3

Another positive effect on the human body is the neutralization
of the toxic effects of certain xenobiotics, especially toxic
elements (e.g., mercury, lead, and cadmium), and their
conversion to stable, less toxic forms.4 The increased intake of
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Se may reduce the risk of certain cancers, as well as play
a positive role in the prevention of inammatory, cardiovas-
cular, and neurological diseases.5 Selenium toxic effects have
been associated mainly with food and water intake. A safe and
adequate range of Se intake of 50–200 mg per person per day
has been recommended for adults, with correspondingly lower
ranges for infants and children.6

Due to geochemical processes, such as weathering of rocks
and erosion of soils, Se occurs in natural waters in trace
amounts as selenate (Se(VI)) or selenite (Se(IV)).7 Se and its
derivatives may be widely dispersed throughout the environ-
ment as a result of anthropogenic inputs such as fossil fuel
combustion and industrial, agricultural and natural processes.8

Its chemical form, pH, presence of other ions, etc. are some of
the factors on which its toxicity in living organisms depends.9,10

Se compounds can range from being vital to highly hazardous
and toxic depending upon the species, oxidation state and
concentration. Due to its higher solubility and bioavailability,
inorganic Se(IV) has been found to be more poisonous than
common organoselenium compounds and thus is more harm-
ful to aquatic organisms than Se(VI).11 Though Se is naturally
present in the earth’s crust in low amounts (0.05 mg�1), its
compounds are spread throughout the environment due to the
combustion of fossil fuels, improper disposal of wastes from
mining activities, and use in glass, ceramics and electronics as
well as agriculture.12,13 Selenium mobility in the environment,
availability for biota and toxicity depend on its oxidation state
and so its determination and speciation is necessary.14 Because
of the usually low concentration of selenium in biological and
soil samples and the complexity of the matrix, it is necessary to
Anal. Methods, 2020, 12, 4327–4333 | 4327
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apply sensitive and selective analytical techniques for its
determination. Therefore, over the past few decades various
instrumental techniques including UV-visible spectrophotom-
etry,6,15 atomic/molecular uorescence spectrometry,16,17

graphite furnace hydride generation atomic absorption spec-
trometry,1,3,5,18–20 differential pulse cathodic stripping voltam-
metry,21 inductively coupled plasma mass spectrometry,2,22 ion
chromatography23 and ow injection analysis coupled with
hydride generation atomic uorescence spectrometry24 have
been developed and used for the determination of Se. Most of
these methods are not advantageous in terms of cost of the
instruments and require trained operators. Therefore, the
development of an inexpensive and sensitive method for the
determination of Se is still required for environmental analysis.
We have been interested in developing analytical methods for
various analytes of environmental, biological and medicinal
interest.25–27 A few spectrophotometric methods reported in the
literature for the determination of Se have been presented in
Table 1 with remarks on each.6,28–32 Thus, we were looking for
the development of a highly sensitive and inexpensive method
for the determination of Se(IV). The search for a selective, rapid,
accurate and inexpensive method for the determination of Se
has resulted in the study of the micellar mediated oxidation of
rhodamine B hydrazide (RBH) in an acidic medium as an
indicator reaction. To the best of our knowledge no studies on
the analytical method have been reported on the determination
of Se based on oxidation of RBH in an acidic medium. There-
fore, in continuation of our interest in developing analytical
methods,25–27 the present paper reports the determination of
Se(IV) involving the oxidation of rhodamine B hydrazide in an
acidic medium in the presence of surfactants.
2. Experimental
2.1. Reagents

All the chemicals used were of analytical grade. Double distilled
water (DDW) was used throughout the experiments. Hydro-
chloric acid, sulfuric acid, nitric acid, perchloric acid, acetic
acid and potassium dichromate were purchased from Merck,
Mumbai, India. The surfactants used in this study were: Cetyl
Table 1 Comparison of the proposed method with other spectrophoto

Reagents Medium
lma

(nm

Potassium iodide and starch Acidic 570
Potassium iodide and oleic acid Acidic 435
Potassium iodide and azure B Acidic 644
Chrome azurol S and sodium cholate
bile salt (NaC)

Acidic 407

4-Aminopyridine and N-(1-naphthalene-1-yl)
ethane-1,2-diamine dihydrochloride (NEDA)

Acidic 560

Potassium iodide and cetylpyridium chloride Acidic 510

Present method RBH + SDS Acidic 585
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Trimethyl Ammonium Bromide (CTAB) (Loba Chemie, Mum-
bai, India), TritonX-100, Sodium Dodecyl Sulphate (SDS) and
Tween-20 (Hi Media Laboratories Pvt. Ltd, Mumbai, India).

A selenium(IV) stock solution (1000 mg mL�1) was prepared
by dissolving 0.219 g Na2SeO3 (Sigma-Aldrich) in 100 mL DDW.
Then serial dilutions were made to obtain various standard
solutions of Se(IV) in the range of 0.002 to 0.032 mg L�1 for the
calibration curve. An RBH stock solution (1.00 � 10�3 mol L�1)
was prepared in a 100 mL volumetric ask, 46 mg RBH in 50 mL
absolute ethanol, and then diluted to the mark with ethanol.
The stock solution of SDS (1 � 10�4 mol L�1) was prepared in
a 100 mL volumetric ask using 10 mL of 1 � 10�3 mol L�1 SDS
solution. Similarly, for the preliminary study, 100 mL stock
solutions of TritonX-100 (1 � 10�4 mol L�1), CTAB (1 �
10�4 mol L�1) and Tween-20 (1 � 10�4 mol L�1) were separately
prepared in volumetric asks using 10 mL each of 1 �
10�3 mol L�1 CTAB and Tween-20 solutions.

2.2. Equipment

A thermostatic water bath model MSW-273 (MAC Macro
Scientic Works Pvt. Ltd, India) was used to control the
temperature of the reaction system. The pHmeasurements were
made with a Systronics digital pHmeter model 335. A Systronics
spectrophotometer 166 with a 1 cm quartz cuvette was used for
absorbance measurements. The NMR studies on synthesized
RBH were conducted on a Bruker advance II 400 MHz NMR
spectrophotometer.

2.3. Synthesis of rhodamine B hydrazide (RBH)

A modied procedure was used for the synthesis of RBH as
shown in Scheme 1.33,34 To a 100 mL ask, rhodamine B
hydrochloride salt (0.63 g) was dissolved in 80 mL ethanol. This
was followed by a dropwise addition of 2.0 mL hydrazine
sulphate (0.1 mol L�1) with stirring at room temperature. The
stirred mixture was heated to reux for 2 h when the color of the
solution changed from dark purple to light orange and became
clear. Then the reaction mixture was cooled and the solvent
removed under reduced pressure where 50 mL of 1 mol L�1 HCl
was added to the solid in the ask to obtain a clear red solution.
The pH of the solution was maintained between 9 to 10 by slow
metric methods for the determination of selenium(IV)

x

)
Beer's law
(mg mL�1) Remarks [ref.]

0.2–1.2 Interfere with ions like Cu2+, Fe3+, Cr6+ 28

0.25–20 SCN�, CN� and SO3
2� interfere29

2.0–10.0 Costly reagents used30

0.84–6.00 For Se quantication costly chemical
NaC is required31

1.0–21 Less sensitive32

0.05–1.0 Needs extraction, less stable, high
solvent consumption6

0.002–0.032 Highly sensitive, selective and free from
interference, etc.

This journal is © The Royal Society of Chemistry 2020



Scheme 1 Synthesis of rhodamine B hydrazide (RBH) and its oxidation
by Se(IV).
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addition of 100 mL of 1 mol L�1 NaOH with stirring. The
resulting precipitate was ltered and washed ve times with
15 mL DDW. Aer drying, the reaction afforded 0.88 g RBH as
a light pink solid. The synthesized compound RBH was nally
characterized by 1H NMR [400 MHz, CDCl3; d 1.15 (t, 12H,
NCH2CH3, J ¼ 13.19 Hz), 3.33–3.35 (q, 8H, NCH2CH3), 3.61 (bs,
2H, NH2), 6.31 (dd, 2H, xanthene–H, J¼ 2.6, 8.9 Hz), 6.33 (d, 2H,
Fig. 1 Absorption spectrum of the reagent blank (no peak) and spect
10�4 mol L�1), RBH (1 � 10�4 mol L�1), Se(IV) (1 mg mL�1) and pH 5 at 25

This journal is © The Royal Society of Chemistry 2020
xanthene–H J ¼ 2.3 Hz), 6.43 (s, 1H), 6.54–6.56 (m, 2H,
xanthene), 7.19–7.21 (m, 2H, Ar–H), 7.56–7.62 (m, 2H, Ar–H),
and 7.97–7.99 (m, 1H, Ar–H) ppm] and 13C NMR (400 MHz,
CDCl3: d 12.57, 44.40, 44.49, 76.79, 77.11, 77.43, 86.09, 97.61,
105.91, 107.91, 124.19, 124.68, 127.87, 128.95, 129.18, 134.48,
149.45, 153.16, 153.35, and 169.92 ppm) studies. These 1H NMR
and 13C NMR results were compared with the reported data that
conrmed the synthesis of RBH.33–35
2.4. Procedure for determination of Se(IV)

The standard solutions containing 0.002 to 0.032 mg mL�1 Se(IV)
were taken in a series of 10 mL calibrated volumetric asks, to
which 1 mL of 0.02 mol L�1 HCl, 1 mL of 1 � 10�4 mol L�1 SDS
and 1 mL of 1.00 � 10�3 mol L�1 RBH were added. Then the
reaction mixture was diluted to 10 mL with DDW mixed thor-
oughly and placed into a shaker at 25 �C for 2 minutes. The
pinkish violet color developed instantaneously, the absorbance
of which was measured at 585 nm against the reagent blank to
obtain the calibration curve i.e. linear regression equation.

To check the accuracy of the proposed method, recovery of
Se(IV) from soil samples free from selenium was carried out. The
soil samples (25 g) were fortied with a known amount of Se(IV)
and fused with a 1 : 1 Na2CO3 and KNO3 mixture in a nickel
crucible, and Se(IV) was extracted with water. The ltrate extract
was treated with 10mL of 5mol L�1 HCl acid and then heated to
expel chlorine and oxides of nitrogen. The extracted solution
was diluted with DDW to produce a suitable concentration of
Se(IV) in the calibration range. The Se(IV) contents were deter-
mined from the extract following the proposed method.
3. Results and discussion

As shown in reaction Scheme 1, RBH is a non-uorescent spi-
rolactam hydrazide, existing in a closed spiro cyclic form at
neutral and basic pH.34 When Se(IV) is added to the acidic
solution of RBH, it oxidizes RBH to RB causing a ring opening
reaction which showed the maximum absorption i.e. lmax at
rum of the reaction system containing: HCl (0.2 mol L�1), SDS (1 �
�C.

Anal. Methods, 2020, 12, 4327–4333 | 4329
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585 nm as shown in Fig. 1. When the reaction was performed in
a non-ionic micellar medium (SDS), the intensity of the colour
further increased. The reagent blank had negligible absorbance
at this wavelength. The intensity and stability of the coloured
species depend on the concentrations of the reagent, Se(IV) and
surfactant SDS.
3.1. Optimization of reaction variables

Experimental variables that affect the sensitivity of the present
indicator reaction i.e. to obtain high absorbance, were opti-
mized using uni-variation assays. The optimizations were
carried out sequentially while keeping all variables constant
except the one which was to be optimized.

3.1.1. Effect of acids and RBH concentration. The effects of
various acids such as HCl, H2SO4, HNO3, HClO4 and CH3COOH
were studied at the same concentrations. The results showed
that HCl acid produced the absorbance well within the
measurable range. Therefore, the inuence of only the HCl acid
concentration was studied in the range 0.05–0.5 mol L�1 and
the maximum absorbance was obtained at 0.2 mol L�1 HCl
(Fig. 2). Thus, 0.2 mol L�1 HCl was selected as the optimized
concentration of HCl for further study.

The effect of RBH concentration with respect to the rate of
reaction was studied in the concentration range of 1 � 10�1 to 1
� 10�9 mol L�1 which showed the maximum absorbance at 1 �
10�4 mol L�1. Thus, 1 � 10�4 mol L�1 RBH was selected as the
optimum concentration for further study.

3.1.2. Effect of pH. The effect of pH on the sensitivity of the
reaction was investigated in the pH range 3–7 where the pH of
the reaction system was varied using 0.05 M NaOH. It was
observed that the maximum absorbance of the reaction system
increased till pH 5 and remained almost constant in the pH
range 5.5 to 7. Above pH 7, the precipitation of the reaction
system started whereas at lower pH, the blank produced color.
Thus, pH 5 of the reaction system was maintained for further
study since it produced the maximum absorbance at this pH.

3.1.3. Effect of surfactants. The effects of various surfac-
tants such as SDS, Tween-20, TritonX-100 and CTAB were
studied at the same concentrations. It was found that the
cationic surfactant CTAB showed very poor absorbance and
Fig. 2 Effect of HCl concentration under the conditions: SDS (1 �
10�4 mol L�1), RBH (1 � 10�4 mol L�1), Se(IV) (1 mg mL�1) and pH 5 at
25 �C.
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non-ionic surfactant Tween-20 and TritonX-100 caused precip-
itations. However, the anionic surfactant, SDS showed the
absorbance in the best measurable range. Hence, the effect of
concentration of SDS was studied in the range of 1 � 10�1 to 1
� 10�6 mol L�1. It was established that 1 � 10�4 mol L�1 of
[SDS] showed the highest absorbance of the reaction system.
Thus, [SDS] 1 � 10�4 mol L�1 was found to be the most suitable
for the indicator reaction as the optimized concentration.

3.1.4. Effect of time and temperature on colour stability.
The kinetic characteristics of the proposed method were also
studied with reference to time and temperature. The colour
intensity of the reaction system was recorded as a function of
reaction time, aer the addition of RBH in an acidic-micellar
medium, and the results are shown in Fig. 3. It was observed
that there was a dramatic increase in the colour intensity i.e.
absorbance within a few seconds on addition of the reagent and
reached the maximum in about 2 min, aer which it remained
almost constant till 10 min. Thus, for obtaining high sensitivity
and reproducible results, the reaction time 5 min was selected
for analytical application. The reaction was also studied with
respect to temperature. It was found that the reaction was
almost independent of temperature in the range of 10–40 �C.
Hence, 25 �C was sufficient for the absorbance measurement
and analysis within 5 min.
3.2. Analytical procedure

Under the optimized experimental conditions, the maximum
absorption (lmax) of the reaction system containing RBH was
found to be 585 nm against deionized water (Fig. 1). As shown in
Fig. 4, Beer's law was obeyed over the Se(IV) concentration range
0.002 to 0.032 mg mL�1. The molar absorptivity and Sandell's
sensitivity were found to be 42.52 � 106 L mol�1 cm�1 and
0.00004 mg cm�2, respectively. The coefficient of determination
(R2) evaluated by least squares regression analysis was found to
be 0.997 (Fig. 4). To check the precision of the method, three
different concentrations of Se(IV) (within the calibration limits)
were analyzed in ve replicates during the same day (intra-day
precision) and ve consecutive days (inter-day precision). The
Fig. 3 Kinetic behaviour of the proposed system under the conditions:
HCl (0.2 mol L�1), SDS (1� 10�4 mol L�1), RBH (1� 10�4 mol L�1), Se(IV)
(1 mg mL�1) and pH 5 at 25 �C.

This journal is © The Royal Society of Chemistry 2020



Fig. 4 Calibration curve for the determination of selenium under the
conditions: HCl (0.2 mol L�1), SDS (1 � 10�4 mol L�1), RBH (1 �
10�4 mol L�1) and pH 5 at 25 �C.

Table 2 Determination of selenium in spiked samples under the
conditions: HCl (0.2 mol L�1), SDS (1 � 10�4 mol L�1), RBH (1 �
10�4 mol L�1) and selenium (1 mg mL�1), pH 5 at 25 �C

Samplesa
Se(IV) added
(mg L�1)

Se(IV) foundb

(mg L�1)
Recovery
(%) t-Test

Soil sample 20.0 18.90 94.50 1.80
40.0 39.00 97.50 1.50
60.0 59.10 98.50 1.50

a Amount of sample: 25 g. b Mean of three replicate analyses.

Table 4 Application of the method for the determination of selenium
in spiked real samples under the reaction conditions given in Table 2

b
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relative standard deviation (RSD) for intra-day (0.42–1.40%) and
inter-day (0.36–1.01%) studies conrmed that the precision of
the proposed method was quite good. The results on recovery of
Se(IV) have been summarized in Table 2 which show excellent
recovery well within acceptable analytical error. Thus, the
proposed method was successfully applied for the determina-
tion of selenium in soil samples.
Samplesa
Se(IV) added
(mg L�1)

Se(IV) found
(mg L�1)

Recovery
(%) t-Test

Waste water 20.0 18.55 92.75 1.30
40.0 38.67 96.67 1.50
60.0 59.21 98.68 0.89

Cabbage 20.0 19.10 95.50 0.67
40.0 39.32 98.30 2.24
60.0 58.93 98.21 1.87

a Amount of sample: 25 g. b Mean of three replicate analyses.
3.3. Effect of diverse ions

In order to evaluate the suitability of the proposed method for
the determination of Se(IV) in various environmental samples,
the effects of some ions commonly present along with Se, were
studied by adding their known amounts to [Se(IV)] solution (0.01
mg mL�1) and analyzed. The metal ions Pb2+, Zn2+, Cd2+, Fe2+,
Cu2+ and Hg2+ did not interfere when they were present up to
Table 3 Effect of foreign species on the determination of selenium (0.0

Foreign species

Na+, NH4
+, Mg2+, SO4

2�, HPO4
2�, H2PO4

�, F�, Co2+

Pb2+,b Zn2+,b Cd2+,b Fe2+,b Cu2+,b Hg2+b

Ag+, Fe3+

Cl�, PO4
3�, NO3

�, C2O4
2�

Urea, thiourea
Br�,c I�c

a Causing �2% error in the absorbance value. b Masked with 0.1% EDTA
solution.

This journal is © The Royal Society of Chemistry 2020
800 mg mL�1 with Se(IV). However, if these metal ions were
present more than 800 mg mL�1, then they were masked with
5 mL of 0.1% EDTA in a nal volume of 50 mL with the same
reaction system: HCl (0.2 mol L�1), SDS (1 � 10�4 mol L�1),
RBH (1 � 10�4 mol L�1), Se(IV) (1 mg mL�1) and pH 5 at 25 �C
(Table 3). A variation in �4% of Se(IV) recovery was taken as the
tolerance limit of different chemical species. The method was
found to be free from interference by most of the foreign species
studied whose tolerance limits are shown in Table 3.
3.4. Application to Se(IV) determination

The proposed method was applied for the determination of
Se(IV) in wastewater. The water samples were collected from
various sites and ltered through Whatman lter paper no. 40.
The lter paper was washed repeatedly with DDW and collected
as a combined ltrate. Then the water samples were spiked with
20, 40 and 60 mg L�1 Se(IV). The collected aliquots were diluted
to obtain a Se(IV) concentration in the calibration range and
analyzed by the proposed method as described in Section 2.4
and the results are presented in Table 4.

The proposed method was also applied for the determina-
tion of Se(IV) in a vegetable extracted sample. A cabbage sample
(5 g) was taken in a 250 mL beaker and a 20 mL (1 : 1 v/v)
mixture of concentrated H2SO4 and HNO3 was added. The
sample was spiked with 20, 40 and 60 mg L�1 of Se(IV). Then, the
solution was heated until the mixture was clear. The extract was
ltered, cooled and diluted to 50mL with DDW to obtain a Se(IV)
concentration in the calibration range. The proposed method
was applied for Se(IV) determination in 1 mL of the extracted
solution. The results obtained have been reported in Table 4
1 mg mL�1) under the reaction conditions given in Table 2

Tolerance limita (mg mL�1)

1000
800
500
200
300
75

solution. c Removed by the addition of nitric acid as well as boiling the

Anal. Methods, 2020, 12, 4327–4333 | 4331
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which showed excellent recovery. In the case of wastewater, soil
and vegetable samples, tstatistical values were determined at the
95% condence level for the degree of freedom (df) 10 for which
the tcritical value was 2.228. It was observed that the tstatistical
value was less than the tcritical value. Hence the recovery was
quite valid.

4. Conclusion

The oxidation efficiency of Se(IV) in acidic solution showed the
selective oxidation of RBH to rhodamine B which formed a basis
for the development of a rapid method for the determination of
Se(IV). The method was found to be quite simple, sensitive and
selective as compared to the literature reported spectrophoto-
metric methods for the determination of Se(IV) shown in Table
1. The rapidity, colour stability, easy availability of the reagent
and freedom from a large number of interfering species are
some distinct advantages of the proposed method. The
proposed method was successfully applied for the determina-
tion of Se(IV) in various real samples with quite satisfactory
results.
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