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ABSTRACT

The aim of the present study was to isolate and identify a terrestrial actinomycete bacterial
strain capable to produce selenium nanoparticles (Se NPs) followed by purification of the
biogenic Se NPs and evaluation of their photocatalytic degradation compared to selenium
dioxide. Among 30 actinomycete bacterial strains obtained from environmental soil samples,
one isolate (identified as Streptomyces griseobrunneus strain FSHH12 based on the 16S rDNA
gene sequence analysis) was selected and used for production of Se NPs. The biologically
synthesized Se NPs was consequently purified by an organic–aqueous partitioning system
and characterized using scanning electron microscopy, transmission electron microscopy,
energy dispersive X-ray, UV–visible spectroscopy, Fourier transform infrared spectroscopy,
and X-ray diffraction spectroscopy. The obtained results of photocatalytic degradation of
bromothymol blue using the purified Se NPs (64 μg/mL) revealed 62.3% of dye removal
under UV illumination (15 W) after 60 min incubation of dye solution.

Keywords: Photocatalytic degradation; Streptomyces griseobrunneus; Selenium nanoparticles;
Biosynthesis

*Corresponding authors.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 21552–21563

Septemberwww.deswater.com

doi: 10.1080/19443994.2015.1124349

mailto:ameri1363@gmail.com
mailto:mojtabashakibaie@yahoo.com
mailto:shakiba@kmu.ac.ir
mailto:baheidari@yahoo.com
mailto:ameri60@gmail.com
mailto:faramarz@tums.ac.ir
mailto:h_forootanfar@kmu.ac.ir
http://dx.doi.org/10.1080/19443994.2015.1124349
http://www.tandfonline.com
http://www.tandfonline.com
http://www.tandfonline.com


1. Introduction

Large amounts of synthetic dyes including the azo,
anthroquinone, and triphenylmethane dyes (TPMs)
(based on the chemical structure of the chromophoric
group) which are highly resistant to environmental
breakdown have been increasingly produced and
applied in the textile, paper, leather, pharmaceutical, cos-
metic, and food industries [1–3]. TPMs identified as aro-
matic xenobiotic compounds to be highly toxic,
mutagenic, and carcinogenic to the humans and animals
[4]. Such environmentally hazardous properties together
with their stability to sunlight has limited the application
of TPMs as dyeing agent and prohibited their usage
especially in aquaculture and food industries [4,5]. So,
the wastewater containing dyes require proper treatment
before being discharged into the environment [6].

Different processes including physical separation
methods (flocculation, adsorption, coagulation, and
membrane filtration, etc.), chemical approaches (like
electrochemical treatment or ozonation), and biological
techniques (either using microorganisms or enzymes)
have been developed for decolorization and degrada-
tion of colorants [7,8]. Advanced oxidation processes
(AOPs), such as Fenton’s oxidation, ozonation, photo-
catalytic oxidation, and sonolysis have been widely
used to treat wastewaters containing dyes [9–11].
AOPs associated with UV light and semiconductors
such as titanium, zinc, cadmium, etc. have been
applied to convert dye molecules on the basis of the
creation of hydroxyl radicals (�OH) in aqueous med-
ium [9,12,13]. In fact, photocatalytic process along
with UV radiation formed a redox environment in
aqueous solution and usually decomposed the desired
pollutant into water and carbon dioxide [14,15]. There
are many reports on the application of photocatalytic
approach in the presence of metal oxides and sulfides
such as TiO2, ZnO, WO3, Fe2O3, ZnS, and CdS at
nanoscale as nanocatalysts for the removal of xenobi-
otics [11,16]. Semiconductor chalcogens such as sele-
nium (Se) have been also used for elimination of
different dye groups due to their excellent physical
characteristics like thermo-conductivity, anisotropy,
and high photoconductivity [10,17–19]. For example,
Nath et al. [20] described about photocatalytic decol-
orization of methylene blue by Se nanoparticle (NPs)-
UV irradiation process. In the study conducted by
Yang et al. [21], the chemically synthesized Se NPs
have been successfully applied for removal of Congo
red under UV irradiation. The single-crystalline Se
nanorods (NRs), produced via a facile chemical reduc-
tion method, have been reported to exhibit excellent
photocatalytic activities toward methylene blue after
subjection to a short period of irradiation [15].

In the present study, the potential application of a
photocatalytic system containing Se NPs biologically
produced by a terrestrial actinomycete in combination
with UV irradiation for decolorization of triphenyl-
methane dye, bromothymol blue (BTB) was evaluated.
In addition, the effect of different parameters such as
nanocatalyst concentration, H2O2 concentration, UV
light intensity, and temperature on decolorization
process was investigated.

2. Materials and methods

2.1. Chemicals

Selenium dioxide (SeO2), nutrient broth, tryptone,
hydrogen peroxide (H2O2) solution (30 wt.%), BTB,
and n-Octanol were purchased from Merck chemicals
(Darmstadt, Germany). All other chemicals and
solvents used were of analytical grade.

2.2. Screening and identification of Se NPs-producer
actinomycete

Isolation of actinomycete strains capable to produce
Se NPs was performed according to the method
described by Forootanfar et al. [22]. Briefly, 10 agricul-
tural soil samples were collected from different locations
in Kerman (57˚ 3´ 36´´ N, 30˚ 17´ 24´´ E), Iran and dried at
room temperature. Thereafter, 20 mL of the sterile solu-
tion of sodium chloride (0.9%) containing Tween 80
(0.05%, v/v) was added to each soil sample (1 g), fol-
lowed by shaking of the prepared suspension and filter-
ing through Whatman No. 1 filter paper. The obtained
soil extracts were then diluted and 100 μL of each filtrate
was spread on a casein glycerol agar (CGA) plates [con-
taining (g/L) casein, 0.3; glycerol, 10; NaCl, 2; KNO3, 2;
K2HPO4, 2; MgSO4·7H2O, 0.05; CaCO3, 0.02; FeS-
O4·7H2O, 0.01 and agar 18] supplemented with SeO2

(1.26 mM). In the next step, the prepared plates were
incubated at 30˚C until the actinomycete red colonies (an
indicator of Se NPs production due to reduction of Se4+

ion into Se0) appeared [23,24]. Subculturing of the
obtained isolate was then performed in order to achieve
axenic culture. Furthermore, positive colonies were cul-
tured on CGA plates without SeO2 to make sure about
the absence of red pigment production (false positive) in
the selected isolated bacterial strains.

Morphological and biochemical characteristics of
the selected isolate were determined based on the Ber-
gey’s Manual of Determinative Bacteriology [25]. In
addition, molecular identification of the selected iso-
late was performed after amplification of 16S rDNA
gene using the forward primer of 27F (5´-AGAGTTT-
GATCCTGGCTCAG-3´, positions 7–26 of the E. coli
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16S rRNA gene), and the reverse primer of rp2 (5´-
ACGGCTACCTTGTTACGACTT-3´, positions 1,513–
1,494) followed by comparison of the obtained
sequence by the BLAST software [26].

2.3. Production, purification, and characterization of
biogenic Se NPs

The desired bacterial strain was cultivated in
CG broth medium supplemented by Se4+ ions (100 μg/
mL) for 5 d followed by harvesting the produced bio-
mass by centrifugation (10,000 rpm for 5 min) and
grinding the obtained cell pack in liquid nitrogen
using a mortar and pestle. Afterward, the obtained
blend was ultrasonicated at 100 W for 5 min and
washed three times by ordinal centrifugation
(10,000 rpm, 5 min) with 1.5 M Tris/HCl buffer (pH
8.3) containing 1% sodium dodecyl sulfate (SDS) and
deionized water, respectively. The obtained pellets
were then resuspended in deionized water, and the
resulting suspension containing Se NPs and cell debris
was collected. In the next step, n-Octanol (2.0 mL) was
added to 4 mL of the obtained suspensions and the
mixtures were shaken vigorously followed by separa-
tion of the resultant mixed phases using centrifugation
at 5,000 rpm for 5 min and storing at 4˚C for 24 h till
the generated Se NPs observed at the bottom of the
tubes. Thereafter, the lower and upper phases were
discarded, and the precipitated NPs were washed with
chloroform, ethyl alcohol, and distilled water, respec-
tively. The purified Se NPs were then resuspended in
deionized water and stored at 4˚C before being used
for characterization [27].

The transmission electron micrographs (TEM) of
the biologically synthesized Se NPs were acquired by
Zeiss Supra 55 VP TEM apparatus (operated at an
accelerating voltage of 100 kV) equipped with an
energy dispersive X-ray (EDX) microanalyzer after
mounting of the purified Se NPs on carbon-coated
copper TEM grids. The surface morphology of the pre-
pared nanostructures was examined by scanning elec-
tron microscope (SEM, VEGAII TESCAN, acceleration
voltage of 15 kV). In order to estimate the particle size
distribution pattern of the biogenic Se NPs, an MS2000
Zetasizer (Malvern Instruments, Malvern, UK) was
used. A Shimadzu UV–vis Double Beam PC Scanning
spectrophotometer (UV-1800, Shimadzu CO, USA)
was applied for recording the UV–visible spectrum of
the purified Se NPs. The Fourier transform infrared
spectroscopy (FTIR) spectrum of dried powder of Se
NPs (in KBr pellet) was recorded by a Perkin Elmer
instrument at a resolution of 4 cm−1.

The X-ray diffraction (XRD) pattern of the Se NPs
was obtained by a PW1710 diffractometer instrument

(Philips, NY, USA) employing Cu-Kα radiation at a
voltage of 40 kV and scanning range of Bragg angles
from 20˚ to 80˚. The Brunauer–Emmett–Teller (BET)
method was also applied for measuring the surface
area of the obtained Se NPs using the adsorption
curve and BJH model, respectively.

2.4. Evaluation of photocatalytic activity of biogenic Se
NPs

The potential photocatalytic activity of the biosyn-
thesized Se NPs for removal of BTB was investigated
by direct illumination of UV irradiation [in a UV cabi-
net equipped with three 15 W UV lamps with wave-
length of 254 nm (Philips, Holland) which was placed
25 cm on the top and behind the batch photoreactor
(Fig. 1)] into the reaction mixture containing BTB
(180 μg/mL) dissolved in 50 mM citrate buffer (pH, 5),
and Se NPs (64 μg/mL), for 60 min under continuous
stirring followed by centrifugation of the taken sam-
ples (each 15 min to 60 min) at 5,000 g for 5 min and
consequent determination of dye concentration using
spectrophotometer at 431 nm. The decolorization per-
cent was then calculated using the equation: Decol-
orization (%) = [Ci – Ct/Ci] × 100; where Ci and Ct is
the initial and final concentration of dye during photo-
irradiation process. In parallel, the photocatalytic activ-
ity of Se4+ ions was also evaluated by replacing the Se

Fig. 1. The schematic view of UV cabinet applied for
photocatalytic degradation. Three UV lamps placed above
and behind the reaction mixture continuously stirred and
sampling performed at desired times.
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NPs with the same concentration of SeO2 solution in
above-mentioned reaction mixture. In addition, the
effect of variable parameters including Se NPs or SeO2

concentrations (64–4 μg/mL), light intensity (15, 20, 25,
and 30 W/m2), temperature (25, 30, 35, 40, 45, and
50˚C), and hydrogen peroxide concentration (0.1–
0.4 M) on decolorization process was also evaluated.

2.5. Statistical analysis

After performing of all above-mentioned
experiments in three independent replicate, the mean
± standard deviation of the obtained results were

reported. Thereafter, independent sample t-test and
one-way analysis of variance (ANOVA) with
Dunnett’s T3 post hoc test (SPSS 15.0, SPSS Inc) were
used to calculate statistical significance between mean
values (probability values < 0.05).

3. Results and discussion

3.1. Isolation and identification of Se NPs-producing
bacterial strain

Out of 30 actinomycte bacterial strains isolated
from collected soil samples, the ability of 3 isolates for

Fig. 2. Cultivation of S. griseobrunneus strain FSHH12 on CG agar plates: (a) with and (b) without Se4+ ions. Culture flasks
of the selected isolate in the (c) presence and (d) absence of SeO2 after incubation at 30˚C.

A. Ameri et al. / Desalination and Water Treatment 21555



reduction of Se ions was confirmed by developing red
colony on the CG agar plate containing Se4+ among
which the isolate H12 was found to form such reduc-
tion more rapidly (Fig. 2(a)) compared to other two

isolates. Cultivation of the selected isolate on CG agar
plate in the absence of SeO2 (Fig. 2(b)) showed that
microbial-assisted reduction of Se4+ and not the pro-
duction of pigment was responsible for development

Fig. 3. (a) TEM, (b) SEM, (c) EDX, and (d) particle size distribution pattern of the purified Se NPs produced by the terres-
trial actinomycete S. griseobrunneus strain FSHH12.
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of red colony. Same results were obtained when the
selected isolate was cultured in CG broth medium in
the presence (Fig. 2(c)) and absence (Fig. 2(d)) of Se4+

ions. Khiralla and El-Deeb [28] observed similar
orange–red color development when SeO2 solution
(1 mM) was treated with the culture broth of Bacillus

licheniformis for 48 h. They ascribed such color change
to the excitation of surface plasmon vibrations of the
Se NPs and launched it as a convenient spectroscopic
signature of Se NPs formation.

Morphological evaluation of the isolate H12 intro-
duced it as a Gram-positive and filamentous bacterial

Fig. 4. (a) UV–visible spectroscopy, (b) FTIR, and (c) XRD pattern of the biogenic Se NPs.

A. Ameri et al. / Desalination and Water Treatment 21557



strain formed floccose and powdery or a velvety col-
ony on CG agar plate. The obtained results of the bio-
chemical tests of the selected isolate are summarized
in Table 1. After alignment of the amplified 16S rDNA
gene of the isolate H12 using the BLAST software
(GenBank, NCBI), 99% identity to Streptomyces griseo-
brunneus was acquired and the 1,433 bp targeted gene
was recorded in GenBank under accession number of
KC626002.

The unique physicochemical characteristics of Se
such as thermo-conductivity, anisotropy, and high
photoconductivity especially at nanoscale have gained
the global attention to introduce more efficient meth-
ods for synthesis of Se NPs either via physicochemical
or biological procedures [29]. Biosynthesis of Se NPs
using either bacterial or fungal strains has been
launched as an eco-friendly method supplying nanos-
tructures with excellent characteristics [30,31]. For
example, Ramya et al. [24] isolated a bacterial strain
(designated as Streptomyces minutiscleroticus M10A62)
from a magnesite mine able to produce Se NPs in the
range of 10–250 nm. In the study conducted by Zhang
et al. [32], the bacterial strain Pseudomonas alcaliphila
able to synthesize spherical selenium nanostructure

particles with diameters in the range of 50–500 nm
was isolated from soil samples. Zare et al. [30] applied
the culture broth of Aspergillus terreus toward SeO2 for
biosynthesis of Se NPs with the average size of 47 nm.

3.2. Purification and characterization of biogenic Se NPs

In the present study the biogenic Se NPs was suc-
cessfully purified by the two-phase partitioning sys-
tem using n-octyl alcohol/water. This was clearly
observed from the TEM, SEM images, and EDX micro
analysis of the well-dispersed and spherical-shaped
purified nanostructures illustrated in Fig. 3(a)–(c). The
particle size distribution pattern of the purified Se
NPs (Fig. 3(d)) showed that they were in the range of
48.2–135.7 nm, and NPs in the size of 73.8 nm were
the most frequent particles. The same result was
reported by Forootanfar et al. [22] who applied similar
procedure for purification of biogenic Se NPs pro-
duced by the terrestrial actinomycete S. microflavus.
They obtained spherical-shaped nanoparticles with the
size range of 28–123 nm [22]. The extracellular bio-
genic Se NPs produced by S. minutiscleroticus M10A62

Fig. 5. Decolorization profile of BTB assisted by (a) biologically synthesized Se NPs and (b) SeO2 under UV illumination
(15 W) during 60 min incubation. The effect of light intensity on photocatalytic decolorization of (c) biogenic Se NPs and
(d) SeO2 at different concentration. Obtained means were analyzed by ANOVA with Dunnett’s T3 post hoc test
(*, p-value < 0.05).
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was found to be spherical nanostructures with the size
range of 100–250 nm [24]. Wang et al. [23] employed a
one-step procedure for preparation of spherical
shaped Se NPs (average particle size of 25 nm) deco-
rated by the water-soluble derivative of Ganoderma
lucidum polysaccharides.

The obtained results of UV–visible spectroscopic
analysis of the biogenic Se NPs in the present study
(Fig. 4(a)) were in accordance with those reported by
Forootanfar et al. [22] who applied S. microflavus for
synthesis of Se nanostructures. Conversely, Ramya
et al. [24] observed a maximum absorbance of 510 nm
in the UV–visible spectrum of the biologically synthe-
sized Se NPs produced by S. minutiscleroticus M10A62.
This evidenced that Se produced by various selenium
utilizing microorganisms represented different physic-
ochemical characteristics.

The FTIR spectrum of the produced nanostructures
in the present study (Fig. 4(b)) didn’t exhibit any typi-
cal and strong absorption band corresponding to the
functional groups on the surface of the biogenic Se
NPs. Generally, mounting of proteins and biological

compounds on the surface of biologically derived
nanostructures led to appearance of strong peaks in
their FTIR spectrum [26]. For example, Khiralla and
El-Deeb [28] observed strong broad peaks at 3,435,
2,750, 1,482, 1,325, 1,050, and 780 cm−1 assigned to OH
or NH, –C–H, and aromatic groups of proteins and
enzymes (might have formed a capping agents over
the Se NPs) responsible for reduction of metal ions
and their stabilization. FTIR analysis of the produced
Se NPs in the study of Zhang et al. [33] revealed the
appearance of stretching vibrations of –OH, –NH,
–CH, and C–C bonds attributed to presence of chi-
tosan assisted in the synthesis of nanostructures.

The related XRD pattern of the purified biogenic
Se NPs in the present study (Fig. 4(c)) confirmed the
formation of trigonal Se corresponded to the reported
value of joint committee on powder diffraction stan-
dards (JCPDS File No. 06-0362). Our results were in
agreement with the XRD spectrum of the Se NPs pro-
duced by the actinobacterium, S. minutiscleroticus
M10A62 [24]. They ascribed the sharpening of the
mentioned peaks to the spherical shape of the

Fig. 6. Influence of H2O2 concentration (0–0.4 M) on photocatalytic decolorization of BTB assisted by (a) biogenic Se NPs
and (b) SeO2. Effect of reaction temperature (25–50˚C) on photocatalytic decolorization of BTB assisted by (c) biogenic Se
NPs and (d) SeO2. Significant values (*, p-value < 0.05) were attained after ANOVA analysis with Dunnett’s T3 post hoc
test.
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synthesized nanoparticles [24]. However, in the study
conducted by Shakibaie et al. [27] the produced Se
NPs by Bacillus sp. Msh-1 found to be amorphous and
the related XRD pattern didn’t exhibit any clear lattice
parameters. The XRD analysis of the produced Se NPs
using the free-cell supernatant of B. licheniformis
showed three intense peaks at 2θ values of 23.78 (1 0
0), 29.8 (1 0 1), and 43.9 (1 02 ) indicating the face-cen-
tered cubic structure of red elemental selenium [28].

3.3. Photocatalytic decolorization process

As presented in Fig. 5(a) and (b), both the biologi-
cally synthesized Se NPs and bulk selenium dioxide
assisted in the removal of BTB during 60 min UV illu-
mination (15 W/m2) in a time-dependent manner. In
the case of the purified Se NPs, dye elimination was

maximally occurred (62.3%) at the concentration of
64 μg/mL after 60 min incubation (Fig. 5(a)) while
SeO2 (64 μg/mL) assisted to remove 32.5% of the
applied dye at the same time (Fig. 5(b)). The dye
removal percentage in the absence of SeO2 or biogenic
Se NPs was found to be 5.6 and 6.2%, respectively,
after 60 min illumination of UV irradiation (15 W/m2)
(Fig. 5).

Compared to the conventional physical separation
methods such as activation carbon adsorption, ultrafil-
tration, reverse osmosis, and gas sparging, etc. which
transfers the pollutants to another phase and chemical
techniques which almost suffer from time- and cost-
consuming properties (due to requirement for high
dosage of chemicals and production of large quantity
of sludge), the AOP has received great interest due to
its ability for mineralization of wide group of pollu-
tants to CO2 and H2O through economical and envi-
ronmentally friendly procedure [11,19]. Among
different categories of AOPs (based on the methods
applied for generation of hydroxyl radicals), the UV-
based photocatalytic approach has been launched as
an attractive choice because of its ability for degrada-
tion of desired xenobiotic without applying hazardous
oxidant like ozone and chlorination [11,13]. Literature
review revealed the critical role of semiconductors
especially titanium dioxide (TiO2) as photocatalyst in
such valuable process [34,35]. The noticeable photo-
conductivity of elemental selenium (8 × 104 S/cm),
especially at nanoscale launched it as an excellent cat-
alyst in chemical synthesis and photocatalytic degra-
dation of environmentally hazardous pollutants
[15,21,36]. For instance, Dutta et al. [37] synthesized
selenium-doped ZnO nanoparticles using a
mechanochemical method and studied their photocat-
alytic activity toward trypan blue dye. They acquired
higher dye degradation in the presence of selenium-
doped ZnO compared to that of pristine ZnO which
attributed to the higher reactive oxygen species (ROS)
formation after dye treatment with selenium-doped
ZnO [37]. Same results were reported by Lin et al. [38]
where Te- and Se/Te-doped anatase TiO2 nanorods
were prepared and higher photocatalytic activity (gen-
eration of 2.5 and 4.5 times higher hydroxyl radicals
compared to the commercial TiO2) was determined for
the as-synthesized nanostructures. In the present
study, the potential application of SeO2 and biologi-
cally synthesized Se NPs for elimination of BTB as a
dye model was investigated. The obtained results
revealed that biogenic Se NPs efficiently assisted to
remove BTB (Fig. 5(a)) and increasing the concentra-
tion of applied photocatalyst positively affected the
decolorization efficiency. In addition, decolorization
pattern of bulk SeO2 (Fig. 5(b)) represented lower

Table 1
Biochemical characteristics of isolate H12

Characteristics Results

Catalase production +
Oxidase activity –
Voges-Proskauer test –
Methyl red test –

Acid from
D-Glucose +
Maltose +
Sucrose +
Fructose +

Hydrolysis of
Casein +
Gelatin –
Starch +
Utilization of citrate +
Nitrate reduced to nitrite –

Formation of
Indole +
Dihydroxyacetone +
H2S +

Growth in NaCl (%)
2.5 +
5 +
7.5 +
10 –

Growth at (˚C)
5 +
30 ++
40 ++
50 –
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decolorization ability for Se4+ ions. In general, both
the specific surface area of the applied photocatalyst
and its concentration positively influenced the decol-
orization percent [11,19]. The obtained results of BET
analysis in the present study revealed surface area of
42.2 m2/g for biogenic Se NPs. Chiou and Hsu [15]
synthesized single-crystalline Se nanorods (Se NRs)
represented surface area of 46.6, 27.9, and 14.3 m2/g
with a facile chemical reduction approach (using
NaBH4 and carboxymethyl cellulose) and investigated
their photocatalytic properties through methylene blue
as a dye model. They found lower decolorization per-
cent by decreasing the surface area of the prepared
nanostructures and attributed it to decrease in the num-
ber of active sites accessible for photocatalysis [15]. In
the study of Yang et al. [21] who applied chemically
synthesized Se NPs for decolorization of congo red, it
was found that the rate of dye decolorization decreased
when the size of the Se NPs increased. They also
reported that dye decolorization varies linearly with the
nanoparticle concentration [21]. Same results were
reported by Rajamanickam et al. [35] where the poten-
tial photocatalytic application of SeO2/TiO2 composite
for degradation of the azo dye Sunset Yellow was stud-
ied. They observed an increase from 42.3 to 78.5% dye
removal when the amount of the prepared photocata-
lyst increased from 50 to 250 mg.

3.4. Influence of UV intensity

The obtained results of BTB decolorization under
four different UV intensities (15, 20, 25, and 30 W/m2)
for various concentrations of biologically synthesized
Se NPs and Se4+ ions are illustrated in Fig. 5(c) and
(d), respectively. In the case of Se NPs, significant
increase of decolorization achieved by increasing the
UV intensity (Fig. 5(c)) (p-value < 0.05). However,
alteration of UV intensity in the presence of SeO2

didn’t have any significant effect on the decolorization
percent of the applied dye (Fig. 5(d)).

The critical role of the UV light in the photocat-
alytic degradation of synthetic dyes and organic pollu-
tants has been previously established [16]. For
example, Nenavathu et al. [39] determined only 10%
of trypan blue removal using Se-doped ZnO NPs in
the absence of UV light which enhanced to 92.4%
when UV irradiation (30 W) illuminated for 6 h. In
fact, formation of electron–hole in photochemical reac-
tion is strongly affected by light intensity. Increasing
of the UV power (to a critical amount) enhances the
photon absorption on the surface of catalyst and this
increases the hydroxyl radical concentration and as a
result the removal rate will increase [13].

3.5. Influence of H2O2

As presented in Fig. 6(a), addition of hydrogen
peroxide to the reaction mixture containing biologi-
cally synthesized Se NPs significantly enhanced decol-
orization percent of BTB at all applied concentration
with maximum removal percent of 78.6% achieved at
concentration of 64 μg/mL of Se NPs and H2O2 con-
centration of 0.4 M (Fig. 6(a)) (p-value < 0.05). On the
other hand, alteration of H2O2 concentration in the
case of SeO2 didn’t significantly increase the removal
efficiency (Fig. 6(b)).

It has been generally demonstrated that the pres-
ence of hydrogen peroxide enhance decolorization
ability of photocatalytic cell [11]. Karimi et al. [40]
who investigated on the photocatalytic degradation of
two azo dyes using strontium titanate ascribed the
positive influence of the H2O2 to the production of
hydroxide radicals and prevention of recombination of
electrons and holes. However, high dosage of H2O2

could negatively affect the photocatalytic-assisted
decolorization procedure because of its hydroxyl
radical scavenging effect [11,13].

3.6. Influence of temperature

As illustrated in Fig. 6(c), increasing of the reaction
temperature from 25 to 50˚C enhanced decolorization
of BTB from 60.4 to 88.3% in the presence of biogenic
Se NPs (64 μg/mL) (p-value < 0.05). Significant change
of decolorization percentage was also achieved in the
presence of other concentration of Se NPs (Fig. 6(c))
(p-value < 0.05). However, change in decolorization
pattern by increasing the Se4+ concentration was
found to be insignificant (Fig. 6(d)).

Generally, elevation of the reaction temperature in
photocatalytic process increases decolorization effi-
ciency due to promotion of free radical production.
The best temperature range for photodegradation was
found to be 20–80˚C [11]. Higher (≤80˚C) and lower
(≥0˚C) temperature negatively affected decolorization
procedure due to the exothermic adsorption of pollu-
tant on the catalyst surface and desorption of the pro-
duct from the catalyst surface, respectively [11]. In the
study performed by Karimi et al. [40], it was found
that the highest photocatalytic activity of SrTiO3

nanocomposite against two synthetic dyes of Direct
Green 6 (a triazo dye) and Reactive Orange 72 (a
monoazo dye) occurred when the reaction mixture
incubated at 50˚C. They attributed such positive effect
of the temperature to the activation of the electron–
hole at the interface and formation of more free
radicals.
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4. Conclusion

To sum up, the biologically synthesized Se NPs
produced by the actinomycete S. griseobrunneus strain
FSHH12 applied for decolorization of BTB under UV
irradiation. The obtained results confirmed the poten-
tial application of the biogenic Se NPs compared to
that of SeO2 for removal of the triphenylmethane dye
BTB. Nevertheless, further studies need be conducted
to investigate action mechanisms of the produced Se
NPs for dye elimination and identification of the
probable metabolite(s).
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