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Abstract: Highly sensitive and simple spectrophotometric determination of selenium is described for the
determination of selenium(IV) using a new reagent leuco malachite green. The method is based on the
reaction of selenium(IV) with potassium iodide in an acidic condition to liberate iodine, the liberated
iodine oxidizes leuco malachite green to malachite green dye. The green coloration was developed in
an acetate buffer (pH 4.2 – 4.9) on heating in a water bath (∼ 40 ◦C). The formed dye exhibits an
absorption maximum at 615 nm. The method obeys Beer’s law over a concentration range of 0.04 – 0.4
µg mL−1 selenium. The molar absorptivity and Sandell’s sensitivity of the color system were found to
be 1.67 × 105 L mol−1 cm-1 and 0.5 ng cm−2, respectively. The optimum reaction conditions and other
analytical parameters have been evaluated. The proposed procedure has been successfully applied to
the determination of selenium in real samples of water, soil, plant material, human hair, and cosmetic
samples. The results were compared to those obtained with the reference method. Statistical analysis
of the results confirms the precision and accuracy of the proposed method. In addition, the developed
method is cost-effective and involves easily accessible instrumentation technique which can be used by
ordinary research laboratories.
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1 Introduction

Selenium is an indispensable element associated with all living beings. It is reported to be

toxic as well as an essential trace element, because it acts as a cofactor in cell membrane

glutathione peroxidase and is important in cellular detoxification of peroxides [1–3]. The
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major sources of selenium in the environment are volcanic eruption, insecticides, fertil-

izers, smelting ceramics, metallurgical operation, glass rubber accelerators, paints, dyes

and electronic goods. Certain industrial and agricultural processes release selenium as a

by-product, and there are cases where selenium from such sources has caused environ-

mental disasters [4, 5]. Selenium is also reported to be present in cigarette paper, tobacco

[6], and various cosmetic samples [7]. Selenium enters into natural water through seepage

from seleniferrous soil and industrial waste. Water drained from such soil may cause

severe environmental pollution and wild life toxicity [8]. According to the sanitary and

hygiene standards, the maximum permissible concentration of selenium in water is 0.05

mg L−1 [9]. The threshold limit value (TLV) for selenium compounds in air is 0.1–0.2 mg

dm−3 [3]. An excess of selenium (> 5 mg) in the human body can cause poisoning [10].

After initial concerns regarding the selenium toxicity, many studies have focused on its

nutritional importance, metabolic function and the aspects related to deficiency in animals

and humans. The association between low nutritional selenium status and increased

risks of cardiovascular disease, carcinogenesis and the role of selenium supplementation

in the prevention and treatment of AIDS – related pathology has been considered in

many epidemiological studies [11–13]. As a cofactor of glutathione peroxidase, selenium

is involved in the activity of the immune system [14]. Selenium is incorporated in the

active center of antioxidant selenoenzymes. Owing to these antioxidative properties,

which prevent oxidative damage to DNA and other important biomolecules, selenium

may prevent cancer [15]. In China, selenium deficiency in the soil is associated with

Keshan disease and Kaschin Beck disease [16, 17].

The toxicity, availability and environmental mobility of selenium are very much de-

pendent on its chemical forms [18]. In many environmental matrixes, e.g. natural water

and soils, the predominant oxidation states of selenium are Se(IV) and Se(VI). Precise

knowledge of the amounts of selenium and its compounds present in a system is therefore

required for accurate assessment of the environmental and biological impact of selenium.

This has resulted in an increasing need for analytical methods suitable for their determi-

nation at trace levels.

Various instrumental techniques: HG-ICP-MS [19], HPLC-ICP-MS [20], HPLC-UV-

HG-AES [21], ICP-OES [22], NAA [23], AAS [24], stripping voltammetry [25], flow injec-

tion spectrophotometry [26], etc. are available in the literature for the determination or

speciation of selenium including spectrophotometry. Except spectrophotometry, most of

the other methods are disadvantageous in terms of cost and instruments used in routine

analysis. Several spectrophotometric methods have been reported for the determina-

tion of selenium. Marczenko has reviewed the reported spectrophotometric methods for

the determination of selenium up to 1986 [27]. Irena Nemcova et al. have discussed

the reagents used and reactions involved in the determination [28], which includes chro-

mogenic reagents, ion-associates, Postowsky reaction, etc. Recently, formation of ion-

associate with the liberated iodine from the oxidation of iodide by selenium [29], starch-

iodine [30], bleaching of the dye thionin [31] and a kinetic spectrophotometric method

[32] have been reported for the determination of selenium. Many of the reported meth-
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ods lack sensitivity, involve extraction, and suffer from poor selectivity. The aim of the

present investigation is to overcome the existing inadequacies and provide highly sensitive

and simple spectrophotometric determination of selenium. This was achieved by using

a new reagent, leuco malachite green (LMG). The method is based on the reaction of

selenium(IV) with potassium iodide in presence of acid medium to liberate iodine, the

liberated iodine oxidizes leuco malachite green to malachite green dye having an absorp-

tion maximum at 615 nm. The proposed procedure has been satisfactorily applied to the

determination of selenium in real samples of water, soil, plant material, human hair, and

cosmetic samples.

2 Experimental part

2.1 Apparatus

ANALYTIC JENA AG model SPECORD-50 and SYSTRONICS-166 digital spectropho-

tometers with 1.0 cm matched glass cells were used for all absorbance measurements.

The pH measurements were made with ELICO model IL-610 digital pH meter.

2.2 Reagents

All chemicals used were of analytical reagent grade and distilled water was used through-

out.

Standard selenium(IV) solution (1000 μg mL−1) was prepared by dissolving 0.219

g of Na2SeO3 (BDH, UK) in 100 mL water, and working standards were prepared by

appropriate dilution of the stock.

Leuco malachite green (LMG) [0.05%] was prepared by adding 250 mg of LMG [4-

((4-(dimethylamino)phenyl)(phenyl)methyl)-N,N-dimethylbenzenamine] (Sigma-Aldrich,

Steinheim, Germany), 100 mL of water and 1.5 mL of 85% phosphoric acid to 500 mL

volumetric flask and shaken gently until the dye dissolved. The contents of the flask were

then diluted to 500 mL with water. The reagent was stable for more than 2 months.

Protective hand gloves and eyeglasses were used while handling LMG to avoid contact

with skin and eyes, respectively. Ingestion of the reagent was avoided. The reagent was

stored in a tightly closed container and placed in a cool, dry and well ventilated area.

Hydrochloric acid (1 M) and potassium iodide (0.5%) were prepared by dissolving

requisite amounts of the reagent in distilled water.

Acetate buffer (pH 4.5) was prepared by dissolving 13.6 g of sodium acetate trihydrate

in 80 mL of water. Solution pH was adjusted to 4.5 with acetic acid, and the mixture

was diluted to 100 mL with water.
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2.3 Standard procedure for the determination of selenium(IV)

Aliquots of the standard solution containing 0.4 – 4.0 μg of selenium(IV) were transferred

into a series of 10 mL calibrated flasks. Volumes of 1 mL of 1% potassium iodide and

0.5 mL of 1 M hydrochloric acid were added to the flasks and the reaction mixture was

gently shaken until the appearance of yellow color, indicating the liberation of iodine.

LMG (0.05%, 0.5 mL) was then added with gentle shaking of the contents. After 2 min,

3 mL of acetate buffer (pH 4.5) was added and the reaction mixtures were kept in a water

bath (∼ 40 ◦C) for 2–3 min and then cooled to room temperature. The contents were

diluted to the mark with water, mixed well, and allowed to stand 20 min for full color

development. The absorbance of the formed dye was measured at 615 nm against the

reagent blank. The concentration of selenium(IV) content was established by reference

to the calibration graph.

2.4 Determination of selenium in water

A known volume of water sample containing not more than 4 μg selenium was treated

with 0.5 mL of 1 M NaOH and 0.5 mL of 0.2 M EDTA. The solution was mixed and

centrifuged to remove any precipitate formed. The supernatant was transferred to a 10

mL calibrated flask and its selenium content was determined directly according to the

proposed procedure.

2.5 Determination of selenium in soil

A known weight of soil sludge (1 g) sample was placed in a 50 mL beaker and extracted

with concentrated HCl (4×5 mL). The extract was boiled for 10 min to convert any Se(VI)

present in the soil to Se(IV) [33], cooled, and neutralized with dilute sodium hydroxide

solution. Then, 5 mL of 5% EDTA was added and the contents were diluted to 25 mL

with water. A known volume of this solution was analyzed for selenium by following the

proposed procedure.

2.6 Determination of selenium in plant material

Cabbage leaf sample (5 g) was digested with 10 mL of HNO3 for 20 min and cooled to

room temperature. Perchloric acid (0.5 mL) was then added and heating was continued

for another 10 min followed by the addition of 10 mL of water and 5 mL of HCl to the

cooled residue. The content was boiled for 10 min to convert Se(VI) to Se(IV). The

solution was neutralized with dilute sodium hydroxide solution and diluted to 50 mL

after addition of 5 mL of 5% EDTA. A known volume of this solution was used for the

determination of selenium according to the proposed procedure.
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2.7 Determination of selenium in human hair

The hair sample (0.5 g) was digested with a mixture of HCl and HNO3 (3:2 v/v, 10

mL) for 10 min. The solution was cooled and neutralized with dilute sodium hydroxide

solution and diluted to a known volume. This solution was analyzed for selenium.

2.8 Determination of selenium in cosmetic sample (lipstick)

Lipstick sample (1 g) was dissolved in alcohol to extract any organic material. The residue

was gently heated with 5 mL of concentrated HNO3 for 10 min, cooled, and then boiled

with 5 mL HCl for 10 min to convert Se(VI) to Se(IV). The sample residue was cooled,

leached with 5 mL of 0.5 M H2SO4, neutralized with dilute sodium hydroxide solution,

and diluted to 50 mL with water. Selenium was determined according to the proposed

procedure.

3 Results and discussion

Selenium(IV) reacts with potassium iodide in presence of dilute hydrochloric acid to

liberate iodine quantitatively. The liberated iodine selectively oxidizes LMG to MG dye.

The green color of the dye was developed in an acetate buffer medium (pH 4.2 – 4.9) on

heating in a water bath (∼ 40 ◦C) for 2–3 min. The absorbance of the dye was measured

after 20 min of dilution. The MG dye showed maximum absorption at 615 nm, and

the reagent blank had negligible absorbance at this wavelength (Fig. 1). The probable

reaction pathway is presented in Scheme 1.

Scheme 1 Proposed reaction pathway.

The experimental conditions were optimized by studying the influence of following

parameters with 2 μg of selenium(IV) in a final volume of 10 mL.
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Fig. 1 Absorption spectra of: (a) MG dye, [Se(IV)] = 0.2 μg mL−1 vs. reagent blank;

(b) reagent blank vs. distilled water.

3.1 Effects of acid concentration and buffer medium (pH)

For the oxidation of iodide to iodine by Se(IV) and for subsequent oxidation of LMG to

MG, hydrochloric acid was found to be more effective over other acids. A concentration

range of 0.1–0.25 M hydrochloric acid in an over all volume of 2.5–3.0 mL of reaction

mixture was effective for the oxidation of iodide to iodine by Se(IV) and for the subsequent

oxidation of LMG to MG by the liberated iodine. This could be maintained by adding

0.5 mL of 1 M hydrochloric acid. The formed MG dye was pale yellow in color below

pH 2. The color of MG dye changes from yellow to green with decreasing acidity and no

color was observed at higher basic medium.

Fig. 2 Effect of pH on the absorbance of MG dye, [Se(IV)] = 0.2 μg mL−1.
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The formation and stability of the MG dye depends on pH of the medium. The effect

of pH was studied by varying the acid concentration with a constant acetate buffer volume

and vice versa. It was found that the maximum coloration of MG dye developed in the

pH range 4.2 – 4.9. A decrease in absorbance values was observed below and above this

pH range. Hence, an optimum pH of 4.5 (± 0.2) was maintained by adding 3.0 ml of

acetate buffer (pH 4.5) to the system containing 0.5 mL of 1 mol L−1 hydrochloric acid.

The effect of pH on the absorbance of the color system is shown in Fig. 2.

3.2 Effects of reagents concentration

The effect of KI concentration on the reaction system was studied with 1 mL of different

concentrations of KI (0.2 – 2.0%). It was found that 1 mL of 0.5% KI was sufficient for

quantitative liberation of iodine. Any excess of iodide in the solution did not interfere

on the determination. The graph (Fig. 3) shows the effect of KI concentration on the

absorbance of the color system.

Fig. 3 Effect of KI concentration on the absorbance of MG dye, [Se(IV)] = 0.2 μg mL−1.

The absorbance values were found to be constant in the volume range 0.2 – 0.7 mL

of 0.05% LMG under the optimum conditions. At lower and higher reagent concentra-

tions decrease in absorbance was observed, and there was a formation of turbidity which

occured at higher concentrations of the reagent. Hence an optimum volume of 0.5 mL

of 0.05% LMG was fixed for further studies. The effect of LMG concentration on the

absorbance of the color system is shown in Fig. 4.

3.3 Effects of temperature and time

Under optimum conditions, the reagent system required heating (∼ 40 ◦C) in a water

bath for 2–3 min for color development. An increase of temperature (> 40 ◦C) and the
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Fig. 4 Effect of LMG concentration (0.05%) on the absorbance of MG dye, [Se(IV)] =

0.2 μg mL−1.

duration of heating (> 5 min) resulted in decrease of absorbance. It was also found that

20 min time was needed for full color development after dilution to 10 mL. The formed

dye was stable for several days.

3.4 Effect of foreign species

The effect of various foreign ions at μg mL−1 levels on the determination of Se(IV) was

studied. Tolerance limits of interfering species were established at those concentrations

that do not cause more than ± 2% error in the absorbance values of Se(IV) at 0.2 μg

mL−1. The studies revealed that Fe(II), Sn(II), Fe(III), Cr(VI) and Ce(IV) interfere

seriously with the determination of Se(IV). However, the interference of these ions could

be masked by using EDTA (4000 μg ml−1) up to 40 μg mL−1. Cu(II), Hg(II), Mn(II)

and V(V) did not interfere much. The tolerance limits of the foreign species examined

are listed in Table 1.

3.5 Analytical data

The calibration graph was linear (r = 0.999) in the concentration range 0.04 – 0.4 μg

mL−1 of Se(IV). The detection limit and quantitation limit of selenium(IV) determination

were found to be 11 ng mL−1 and 33 ng mL−1 , respectively. The molar absorptivity

and Sandell’s sensitivity were found to be 1.67 × 105L mol−1 cm−1 and 0.5 ng cm−2,

respectively. The precision and accuracy of the method were established by the analysis

of 1 and 2 μg of Se(IV) in a final volume of 10 mL, which gave relative standard deviations

(RSD)(n = 10) of 0.07 and 0.03%, respectively.
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Table 1 Effect of foreign species on the determination of selenium(IV) [0.2 μg mL−1].

Interferents Tolerance limit
(µg mL−1)

EDTA > 4000

Na(I), K(I), Ag(I), Ba(II), Ca(II), Mg(II), SO2−
4 , PO3−

4 , F−, Cl−, Br− 2500 – 3000

Sn(IV), As(III), Pb(II), NO−
2 , citrate, tartrate 1800 – 2100

Al(III), Bi(III), Be(II), Cd(II), Zn(II), oxalate 1000 – 1200

Cu(II), Ni(II), Co(II), Mn(II), Hg(II), VO−
3 40 – 70

Fe(II), Sn(II), Fe(III), Ce(IV), Cr2O2−
7 < 1

Fe(II), Sn(II), Fe(III), Ce(IV), Cr2O2−
7 > 40a

a After masking with 4000 µg mL−1 of EDTA.

3.6 Application of the method

The proposed procedure was applied to the determination of trace amounts of selenium in

real matrixes of water, soil, plant material, human hair and cosmetic samples. A parallel

determination was carried out with a reference method [34]. The results obtained are

presented in Table 2 and Table 3. Statistical analysis of the results by use of F- and t-

tests showed no significant difference between the accuracy and precision of the proposed

and reference method. Also, the reliability was checked by standard addition and recovery

method. The low values of the RSD reflect the high precision of the method.

Table 2 Determination of selenium in water samples.

Proposed method Reference method [34]

Sample Se(IV) Se(IV) RSD Recovery Se(IV) RSD Recovery F- t-

Added founda (%) (%) founda (%) (%) testb testc

µg µg µg

Natural water 2.00 1.99 ± 0.008 0.4 99.5 1.98 ± 0.009 0.5 99.0 1.3 1.9

3.00 3.00 ± 0.007 0.2 100 2.99 ± 0.008 0.3 99.7 1.3 2.1

Polluted water – 1.09 ± 0.009 0.8 – 1.08 ± 0.01 0.9 – 1.2 1.7

1.00 2.08 ± 0.008 0.4 99.5 2.07 ± 0.009 0.4 99.5 1.3 1.8

a Mean ± standard deviation (n = 5).
b Tabulated F-value for (4, 4) degrees of freedom at P(0.95) is 6.39.
c Tabulated t-value for 8 degrees of freedom at P(0.95) is 2.306.

4 Conclusions

Oxidation of leuco malachite green to malachite green dye for subsequent spectrophoto-

metric measurement forms a highly sensitive, selective and simple method for the deter-

mination of selenium. The method involves no extraction steps, thereby the use of organic

solvents, which are generally toxic in nature, are avoided. The stability of the formed

MG dye is an added advantage of the method. The satisfactory applicability of the pro-
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Table 3 Determination of selenium in soil, plant material, human hair and cosmetic

samples.

Proposed method Reference method [34]

Sample Se(IV) Se(IV) RSD Recovery Se(IV) RSD Recovery F- t-

Spiked, founda (%) (%) founda (%) (%) testb testc

µg µg µg

Soil sludge – 31.5 ± 0.3 1.0 – 31.4 ± 0.4 1.3 – 1.8 0.4

(1 g) 25 56.4 ± 0.2 0.4 99.8 56.2 ± 0.2 0.5 99.6 1.0 1.6

Cabbage – 63.7 ± 0.5 0.8 – 63.5 ± 0.6 0.9 – 1.4 0.6

(5 g) 25 88.4 ± 0.4 0.5 99.7 88.1 ± 0.5 0.6 99.5 1.6 1.0

Human hair – 16.6 ± 0.2 1.2 – 16.5 ± 0.3 1.8 – 2.3 0.6

(0.5 g) 10 26.5 ± 0.1 0.4 99.6 26.4 ± 0.1 0.4 99.6 1.0 1.6

Lipstick – 25.5 ± 0.3 1.2 – 25.4 ± 0.3 1.2 – 1.0 0.5

(1 g) 20 45.4 ± 0.2 0.4 99.7 45.2 ± 0.2 0.4 99.6 1.0 1.6

a Mean ± standard deviation (n = 5).
b Tabulated F-value for (4, 4) degrees of freedom at P(0.95) is 6.39.
c Tabulated t-value for 8 degrees of freedom at P(0.95) is 2.306.

posed procedure to the determination of selenium in various samples shows the utility

of the method. The results of the method were favorably compared with the method

reported by Ramachandran et al [34]. The proposed method has an advantage of high

sensitivity (ε = 1.67 × 105L mol−1 cm−1 and Sandell’s sensitivity is 0.5 ng cm−2) over

the reference (ε = 1.48 × 104L mol−1 cm−1 and Sandell’s sensitivity is 5.0 ng cm−2) and

other classical iodometric methods (thiosulphate-starch). Although many sophisticated

techniques; ICP-MS, AAS, etc. are available for the determination of selenium at trace

levels , the factors such as the low cost of the instrument, ease of handling, lack of need

for consumables, and almost no maintenance have caused spectrophotometry to remain a

popular and inevitable technique, particularly in the laboratories of developing countries

with a limited budget.
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