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Comparative efficacy of biogenic zinc oxide nanoparticles
synthesized by Pseudochrobactrum sp. C5 and chemically
synthesized zinc oxide nanoparticles for catalytic degradation of dyes
and wastewater treatment
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Abstract
Discharge of untreated textile wastewaters loadedwith dyes is not only contaminating the soil and water resources but also posing
a threat to the health and socioeconomic life of the people. Hence, there is a need to devise the strategies for effective treatment of
such wastewaters. The present study reports the catalytic potential of biogenic ZnO nanoparticles (ZnO NPs) synthesized by
using a bacterial strain Pseudochrobactrum sp. C5 for degradation of dyes and wastewater treatment. The catalytic potential of
the biogenic ZnO NPs for degradation of dyes and wastewater treatment was also compared with that of the chemically
synthesized ones. The characterization of the biogenic ZnO NPs through FT-IR, XRD, and field emission scanning electron
microscopy (FESEM) indicated that these are granular agglomerated particles having a size range of 90–110 nm and zeta
potential of −27.41 mV. These catalytic NPs had resulted into almost complete (> 90%) decolorization of various dyes including
the methanol blue and reactive black 5. These NPs also resulted into a significant reduction in COD, TDS, EC, pH, and color of
two real wastewaters spiked with reactive black 5 and reactive red 120. The findings of this study suggest that the biosynthesized
ZnO NPs might serve as a potential green solution for treatment of dye-loaded textile wastewaters.
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Introduction

During the recent years, synthesis of nanoparticles (NPs) has
attracted a worldwide attention for their applications in differ-
ent scientific fields (Ong et al. 2018; Pullagurala et al. 2018).
Thanks to their unique physicochemical properties, NPs serve
as a bridge between the bulk materials and atomic sized struc-
tures, which makes them ideal candidates for application in a
wide range of fields such as medical sciences, catalysis, elec-
trochemistry, biotechnology, etc. (Kamal et al. 2015, 2018;
Ahmad et al. 2016, 2017; Chani et al. 2016; Noman et al.
2020). So, the synthesis of novel NPs with variable character-
istics is an emerging objective leading to an improvement in
their further applications.

Among the NPs, zinc oxide nanoparticles (ZnO NPs) are
extensively studied for various applications in biomedical sci-
ence, photonics, cosmetics, pharmaceuticals, and degradation
of environmental pollutants (Ahmed et al. 2016; Pullagurala
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et al. 2018; Velsankar et al. 2019). The chemical methods to
synthesize ZnO NPs include chemical vapor deposition meth-
od (Muller et al. 2019), sol-gel method (Hasnidawani et al.
2016), surfactant-assisted aqueous solution method (Usui
2007), hydrothermal methods (Edalati et al. 2016), etc.
These conventional methods are producing ZnO and other
NPs with defined structures, arrangements, and high surface
areas (Selvarajan and Mohanasrinivasan 2013; Ali et al.
2018a, b). However, the chemical methods have their own
limitations including the use of toxic solvents and capping
agents, high energy requirements, and harmful byproducts
(Javed et al. 2016; Mukherjee et al. 2017; Ali et al. 2017a, b,
c, 2018a, b). Hence, the green synthesis of such NPs has
attracted a worldwide attraction and has been reported by in-
volving different biotic components including the plants, fun-
gi, bacteria, and algae (Gunalan et al. 2012; Khan et al. 2016a,
2017a, b; Ali et al. 2017a, b, c; Khatami et al. 2018; Ganesan
et al. 2020; Noman et al. 2020).

Textile industry is the largest industry which uses huge
amounts of synthetic dyes and nearly 2–20% of the unused
dyes are discharged into mainstream water resources resulting
into severe environmental concerns due to their high toxic
impacts (Imran et al. 2019). Dyes affect the water life by
absorbing sunlight and interrupting the natural process of pho-
tosynthesis, an essence for aquatic life (Kavitha et al. 2017,
Imran et al. 2019; Kavitha et al. 2019; Bagheri et al. 2020).
Textile wastewaters are generally high in chemical oxygen
demand (COD) and biochemical oxygen demand (BOD)
due to the presence of huge loads of the pollutants such as
dyes (Imran et al. 2019; Khandaker et al. 2020). Some of the
textile dyes as well as their products are mutagenic and carci-
nogenic causing serious impacts on living components of the
ecosystem (Punzi et al. 2015; Asgari et al. 2020).

Different types of physicochemical methods including the
coagulation, chemical transformation, adsorption, and irradi-
ation (Kamal et al. 2016a; Ul-Islam et al. 2016; Khan et al.
2016b; Pervaiz et al. 2019) as well as the biological methods
by involving the living organisms including bacteria and fungi
(Imran et al. 2019; Pazdzior et al. 2019; Shoukat et al. 2019;
Ceretta et al. 2020) have been reported for the removal or
degradation of dyes from the aqueous media. However, use
of NPs as catalytic agents for degradation of different organic
compounds including the synthetic dyes has recently attracted
a worldwide attention (Haider et al. 2016, 2018; Khan et al.
2016c, 2017a, b, 2019a, b; Ali et al. 2018a, b, c, d; Ismail et al.
2019; Bagheri et al. 2020). In addition to their role as a catalyst
in degradation, the NPs have also been reported to be used as
adsorbents to remove the dyes from the textile wastewaters
(Kamal et al. 2016a; Khan et al. 2020a, b). They are preferred
for adsorption because of having smaller size along with large
surface area. Nowadays, there is a growing interest about the
characterization and application of the nanoparticle synthe-
sized through green processes for the degradation of different

organic compounds including the synthetic textile dyes.
However, there is also a lack of information regarding the
comparative characteristics and potentials of the NPs synthe-
sized following the chemical and green biological synthesis
methods.

The present study reports the synthesis of ZnO NPs by
exploiting the potential of a multi-metal-tolerant, nonpatho-
genic bacterial strain, Pseudochrobactrum sp. C5. These bio-
logically produced ZnO NPs were then characterized via field
emission scanning electron microscopy (FESEM), Fourier
transform infrared (FT-IR) spectroscopy, dynamic light scat-
tering (DLS) analyzer, X-ray diffraction (XRD), and X-ray
photoelectron spectroscopy. The size, structure, and other
characteristics of the biologically produced ZnO NPs were
compared with ZnO NPs produced using a chemical reaction
in this study. The catalytic potential of bacterially synthesized
and chemically synthesized ZnO NPs was explored using dif-
ferent synthetic dyes including the azo dyes as target pollut-
ants.Moreover, the potential of these ZnONPswas also tested
for treatment of the actual textile wastewaters spiked with
dyes.

Materials and methods

Bacterial strain, culture medium, and chemicals

The NPs-producing bacterial strain Pseudochrobactrum sp.
C5 (GeneBank Accession No. MT318655) was isolated from
a textile wastewater and was previously reported to have the
potential for synthesis of silver NPs (data under process of
publication). This is a nonpathogenic strain which was select-
ed on the basis of its comparatively better potential for syn-
thesis of NPs. In this study, the potential of the strain C5 for
synthesis of ZnO NPs was estimated in nutrient broth medium
[peptone (5 g L−1), beef extract (3 g L−1), NaCl (5 g L−1)]. The
strain C5 was allowed to grow in the medium added with
variable concentrations (0–2500 mg L−1) of Zn in the mineral
salt medium to estimate the minimum inhibitory concentration
(MIC) of Zn for this strain.

Synthesis of ZnO NPs

Biosynthesis of ZnO NPs by the strain C5

The strain C5 was inoculated in 50-mL nutrient broth medium
and incubated for under shaking (150 rpm) for 24 h at 28 °C
under dark. This 50-mL culture was then added with 0.003-M
zinc acetate salt and incubated under shaking at 150 rpm at
28 °C. After 72 h, the culture was collected and cell-free
supernatant was oven dried at 85 °C. This powder was cal-
cined for 7 h in muffle furnace at 700 °C and then ground into
a fine powder.
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Chemical synthesis of NPs

For chemical synthesis of ZnO NPs, a typical reduction reac-
tion was carried out in which 0.5-M zinc acetate was slowly
hydrolyzed with 0.5-M sodium hydroxide (Khan et al.
2016b). The whole apparatus was kept on a hot plate at
70 °C along with magnetic stirring (500 rpm). After few mi-
nutes of adding sodium hydroxide, the solution turned milky.
After 24 h, the precipitates were collected and calcined for 7 h
at 700 °C in a muffle furnace to get the fine powder.

Characterizations of chemically and biologically
synthesized ZnO NPs

UV-visible absorption spectra comprising of a wavelength
range of 250 to 650 nm were measured to confirm the synthe-
sis of ZnO NPs through chemical and biological procedures.
A UV-visible spectrophotometer (Schimadzu UV/VIS, Japan)
was used tomeasure the UV-visible spectra of the biologically
and chemically synthesized ZnO NPs. In order to evaluate the
characteristic functional groups present on the surfaces of the
chemically and biologically synthesized ZnO NPs, Fourier
transform infrared (FT-IR) spectroscopy analysis was carried
out using a PerkinElmer Spectrum-100 FT-IR spectrometer
(FT-IR, Bruker TENSOR-27). The FT-IR analyses were car-
ried out in the spectral range of 2000–500 cm−1.

Particle morphology and microstructure of the chemically
and biologically synthesized ZnO NPs were investigated by
field emission scanning electron microscopy (FESEM, LEO
1530, Germany). The crystalline nature of the chemically and
biologically synthesized ZnO NPs was estimated through X-
ray diffraction. Cu K-alpha radiations (lambda = 0.1542 nm,
40 kV, 20 mA) generated crystallographic structure of the
NPs, the phase transitions were studied by X-ray diffraction
(PANalytical X’PERT PRO, USA), and elemental composi-
tion was checked by X-ray photoelectron spectroscopy
(Thermo Scientific K-Alpha instrument, USA). All the exper-
iments were carried out at room temperature. The zeta poten-
tial of the chemically and biologically synthesized NPs was
estimated by a dynamic light scattering technique (Zeta
PALS, Brookhaven Instrument Corp., Holtsville, NY, USA).
For this purpose, both the materials were dispersed in distilled
water and sonicated for 5 min to break the bonds between the
particles.

Catalytic potential of the chemically and biologically
synthesized ZnO NPs

Catalytic degradation of methylene blue (MB)
and 4-nitrophenol (4-NP)

The biologically and chemically synthesized ZnO NPs were
tested for their catalytic potential to degrade the commonly

used dyes, viz., methylene blue (MB) and 4-nitrophenol (4-
NP). For this purpose, 1-mM aqueous solutions of MB, 4-NP,
and sodium borohydride (NaBH4) were produced. For the
reduction reaction, three parts of MB solution were mixed
with one part of NaBH4 in individual glass cuvettes and a
measured quantity (10 mg/10 mL) of the biologically and
chemically synthesized ZnO NPs were introduced separately
into these individual solutions. The solutions were stirred con-
tinuously for 5 min and the solution was kept aside in natural
light to finish the chemical process. A solution without nano-
particle was also kept in parallel as a control to notice any
measureable change. One mL of sample was drawn from each
of the reaction at different time intervals and subjected to
centrifugation at 10,000 g to take out NPs and then analyzed
by Elmer UV-vis spectroscope. A full scan of 250 to 650 nm
was successfully achieved by using UV-visible spectropho-
tometer. The same procedure was followed with 1-mM 4-
NP solution.

Catalytic degradation of different azo dyes

The potential of the chemically and biologically synthesized
ZnO NPs was also evaluated for catalytic decolorization of
different azo dyes including brilliant blue R, brilliant yellow,
reactive red 2, and reactive black 5. Aqueous solutions
(200 mg L−1) of the azo dyes were added with 10 mg/10 mL
of individual NPs and placed in sunlight with radiation inten-
sity of 1450 to 2700 W/m2. A set of controls without the NPs
was also incubated under the similar conditions. One ml of
sample was taken from each solution after 2- and 10-h inter-
vals. The samples were centrifuged at 10,000 rpm to remove
the NPs and then were subjected to Elmer UV-vis spectro-
scope at 591, 404, 540, and 597 nm for brilliant blue R, bril-
liant yellow, reactive red 2, and reactive black 5, respectively.
The decolorization was estimated by using the following for-
mula:

%Decolorization ¼ C−S=Cð Þ*100
where C = absorption of the control and B = absorption of the
sample.

Treatment of textile wastewaters by ZnO NPs

The chemically and biologically synthesized ZnO NPs were
also tested for their potential to degrade the dyes in real textile
wastewater samples. For this purpose, a textile wastewater
was collected from the outlet of a textile processing unit lo-
cated on Sargodha Road Faisalabad. The wastewater was al-
most without color because it was collected at the end of the
processing and was having 8.7 pH and 9.1 dS m−1 electrical
conductivity. The wastewater sample was first centrifuged for
5 min at 10,000 g to remove the particulate matters and then it
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was distributed in two portions which were spiked with reac-
tive black 5 (200 mg L−1) and reactive red 120 (200 mg L−1)
separately. For the degradation study, 50 mL of samples from
each wastewater were individually and separately added with
100 mg of either biogenic ZnONPs or the chemical ZnONPs.
Three replicates of each sample were vortexed and incubated
under sunlight with intensity from 1450 to 2700 W/m2 along
with their respective controls. After 9-h incubation period, the
samples were centrifuged (10 min at 10,000 rpm) to remove
the NPs and then analyzed for pH, electrical conductivity,
total dissolved solids (TDS), chemical oxygen demand
(COD), and color removal following the standard procedures
or as already described by Maqbool et al. (2016).

Results and discussion

Synthesis of ZnO NPs by Pseudochrobactrum sp. C5

In this study, a silver NPs-synthesizing bacterial strain,
Pseudochrobactrum sp. C5, was tested for its potential to
tolerate the presence of Zn in the culture medium as well as
synthesis of ZnO NPs. This strain was found to show a good
tolerance against Zn and was able to grow even in the presence
of 2500 mg L−1 of Zn in the medium. Moreover,
Pseudochrobactrum sp. C5 was found to synthesize ZnO
NPs in addition to tolerate the presence of 2500 mg L−1 of
Zn in the medium. The synthesis of ZnONPs was indicated by
the prominent off-white color produced in the medium after
the addition of zinc acetate salt in the normal light yellowish
colored bacterial culture which is a characteristic color of such
NPs already reported in literature (Jayaseelan et al. 2012). The
formation of ZnO NPs was also confirmed by the respective
peaks between 344 and 372 nm in the UV-visible spectra
(Fig. 1). Different bacterial strains such as Aeromonas
hydrophila and Bacillus licheniformis have already been

reported to synthesize ZnO NPs (Jayaseelan et al. 2012;
Tripathi et al. 2014) but, to the best of our knowledge, there
i s no t even a s ing le s t ra in be longing to genus
Pseudochrobactrum which has been characterized for synthe-
sis of ZnO NPs. Hence, this study might serve as a novel
addition into the bacterial bioresources capable of green syn-
thesis of ZnO NPs.

Characteristics of the biologically and chemically
synthesized ZnO NPs

Nanoparticles formation was firstly indicated by color change
that was further analyzed by taking their UV-visible spectra.
Both the chemically and biologically synthesized ZnO NPs
showed good absorption peaks ranging from 344 to 372 (Fig.
1). These peaks are indicating formation of ZnO NPs as al-
ready reported in literature (Jayaseelan et al. 2012). Moreover,
the UV-visible spectra are sometimes also reported to give
indications about the shape and size of the materials in aque-
ous solutions (Rajesh et al. 2009). For example, in the present
study, there is a slight shift of peak in case of biosynthesized
ZnO sample (Fig. 1a) that can be attributed to small size of
NPs in case of biological synthesis.

Negative zeta potential was observed in case of both the
biogenic and chemical ZnO NPs. Biologically synthesized
ZnO NPs showed zeta potential value of −27.41 mV
(Fig. 2a), while the chemically synthesized ZnO NPs showed
−25.52 mV Zeta potential value (Fig. 2b). On the basis of zeta
potential values, it was found that both the biologically and
chemically synthesized ZnO NPs are monodispersed
materials.

The field emission scanning electronmicroscope (FESEM)
analysis (Fig. 3) is clearly showing the morphology and dis-
tribution of biosynthesized and chemically synthesized ZnO
NPs. The images showed granular shape-agglomerated parti-
cles with a size range of 90–110 nm for biologically

Fig. 1 The comparison of absorption spectra of biosynthesized (a) and chemically synthesized (b) ZnO nanoparticles
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synthesized ZnO NPs (Fig. 3a and b), while the chemically
synthesized ZnONPs are showing the cylindrical and granular
shapes having the size of 230–250 nm (Fig. 3c and d).
Biologically synthesized material with high surface area is
an appealing edge in photocatalytic degradation which might
result into a better performance in dye degradation by this
green material.

Figure 4 shows the FT-IR analyses of ZnO NPs synthe-
sized by biological and chemical method. PerkinElmer one IR
spectrophotometer within the range of 500 to 4500 cm−1 was
used to analyze very small amount of dried nanopowder. In
case of biologically synthesized material, peaks obtained at
3740, 1644, 1429, and 1013 cm−1 are showing OH stretching
of intramolecular hydrogen bond, C=C bond stretching, and
C-C stretching of Alkanes (Tas et al. 2000; Huang et al. 2007).
Peak at 522 cm-1 is clearly indicating stretching vibrations of
ZnO bond (Jun et al. 1998; Nagarajan and Kuppusamy 2013).
Similarly, FT-IR analysis of chemically synthesized ZnO NPs
showed absorption peaks at 3458 (oscillating vibrations of O-
H bond stretching), 3031 and 1064 (symmetric and asymmet-
ric C-H bond stretching), 1540 and 1369 (C=O bond vibra-
tions), 896 (Zn-OH), and a very obvious one at 562 cm−1

presenting ZnO bond (Tang et al. 2006; Zhu et al. 2010;
Bhattacharyya and Gedanken 2008).

Figure 5 is showing XRD pattern and phase formations of
biologically and chemically synthesized ZnO NPs. As pre-
sented in the Fig. 5, both chemically and biologically synthe-
sized ZnO NPs showed characteristic peaks of ZnO NPs
(Kamal et al. 2015) at 2θ = 32.3, 35.2, 37, 48.3, 57.4, 63.6,
66.9, 68.9, 70, 73.3, and 77.6° corresponding to (100), (002),
(101), (102), (110), (220), (103), (112), (201), (004), and
(311) planes, respectively, and the data are matched well with
those reported in literature and the Joint Committee on powder
diffraction standards (JCPDS) file No. 04–0783. Biologically
synthesized ZnO NPs have some obvious peaks at 2θ = 38.6°
and 45° in addition to the characteristic peaks, and these peaks
can be justified due to carbon-based impurities which are pro-
duced after the calcination process.

Catalytic degradation of dyes by the ZnO NPs

Catalytic decolorization of both methylene blue and 4-
nitrophenol was performed as a model system in the presence
of sodium borohydride and ZnO NPs to check the

Fig. 2 The comparison of zeta potential profiles of a biosynthesized and b chemically synthesized ZnO NPs
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Fig. 3 The comparison FESEM images of biologically (a and b) and chemically (c and d) synthesized ZnO NPs at different magnifications

Fig. 4 The comparison of FT-IR spectra of biosynthesized and chemical-
ly synthesized ZnO NPs. The inset figure is the exploded view of the
same from 500 to 2000 cm−1. ZnO (B) and ZnO (C) represent the bio-
logically and chemically synthesized ZnO NPs, respectively

Fig. 5 The comparison of XRD spectra of a chemically and b
biosynthesized ZnO NP
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decolorization efficiency of both types of synthesized
nanomaterials. Methylene blue is marked as a probe pollutant
in photocatalytic studies due to its high stability in all types of
environment (Kamal et al. 2019a, b). The absorption spectra
of aqueous solutions of methylene blue and 4-nitrophenol
over the time when exposed of ZnO NPs have been presented
in Fig. 6. This figure is clearly showing that absorption peak is
continuously decreasing as the nanoparticle catalyst exposure
time with dyes is increasing. As compared to the chemically
synthesized ZnO NPs, the biogenic ZnO NPs catalyzed the
decolorization of methylene blue and 4-nitriophenol more ef-
ficiently (Fig. 6b and e). Since the photocatalytic activity high-
ly depends on surface area, smaller size, and dispersion ten-
dency of material (Kamal et al. 2016b; Ahmad et al. 2016),
hence, thanks to relatively smaller size and surface area, bio-
logical ZnO NPs showed an obvious higher photocatalytic
degradation during 480 min for methylene blue and 120 min
for 4-NP. However, this catalytic decolorization was relatively
slower and lesser in case of the chemically synthesized ZnO

NPs (Fig. 6c and f). It has been observed that photocatalytic
particles adsorb organic components of solution coming on
surface from the bulk of material (Khan et al. 2016a, c). In
start of the reaction, a slow degradation was observed that can
be better explained by adsorption kinetics and, once the par-
ticles get settled, ZnO biological catalyst starts working and a
fast degradation rate is observed. Similar pattern was observed
during the catalytic degradation of methylene blue in the pres-
ence of biologically synthesized ZnO NPs (Fig. 6c).
Relatively smaller particle size, higher surface area, and more
stability of the biologically synthesized ZnO NPs might have
resulted into a higher adsorption of the dye and ultimately its
higher decolorization. It has been reported that reduction of 4-
nitrophenol takes place in a reaction in which BH4

− acts as an
electron donor and 4-NP+ acts as an acceptor of electrons
(Kamal et al. 2017; Kavitha et al. 2019). However, in order
to proceed this reaction, there is a need of some catalyst. The
kinetic barrier between the donor BH4

− and accepter 4-NP+ is
covered by the catalyst (like ZnO NPs) by lowering activation

Fig. 6 The comparison of
degradation of a MB in the
presence of NaBH4, bNaBH4 and
biosynthesized ZnO NPs, c
NaBH4 and chemically
synthesized ZnO NPs, d 4-NP in
the presence of NaBH4, e NaBH4

and biosynthesized ZnONPs, and
f NaBH4 and chemically synthe-
sized ZnO NPs
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energy. Once the donor BH4
− and accepter 4-NP+ are

adsorbed on the surface of ZnO NPs, catalytic reduction takes
place by transferring the electron from BH4

− to 4-NP+

resulting into formation of 4-aminophenol (Haider et al.
2016). Calculation of percent decolorization of the dyes indi-
cated that a maximum (86.9%) decolorization of methylene
blue in the presence of biologically synthesized ZnO NPs was
achieved after 400 min (Fig. 7a). However, over the incuba-
tion period of 480min, < 25% of the initially added methylene
blue was decolorized when chemically synthesized ZnO NPs
were used as catalyst (Fig. 7b). The results indicated that only
44.9 and 23.9% decolorization of 4-nitrophenol was observed
over the incubation period (280 min) in the presence of bio-
logically synthesized and chemically synthesized ZnO NPs,
respectively (Fig. 7c and d). All these findings suggest for
higher catalytic efficiency of the biologically synthesized
ZnO NPs as compared to the chemically synthesized ZnO
NPs.

While studying the photocatalytic degradation of azo dyes
including brilliant blue R, brilliant yellow, reactive black 5,
and reactive red 120, it was observed that a significant amount
of decolorization of all the dyes was obtained in the solutions
in which biologically synthesized and chemically synthesized
ZnO NPs were used as catalysts (Fig. 8). Over the 10-h dura-
tion, 83.2, 83.1, 88.8, and 95.2% of the initially added brilliant
blue R, brilliant yellow, reactive red 120, and reactive black 5
were decolorized when biologically synthesized ZnO NPs
were used as a catalyst (Fig. 8). However, over the same
incubation period, 58.2, 61.5, 81.4, and 85.4% of the initially
added brilliant blue R, brilliant yellow, reactive red 120, and

reactive black 5 were decolorized when chemically synthe-
sized ZnO NPs were used as a catalyst. Relatively higher
decolorization of azo dyes in the presence of biologically syn-
thesized ZnO NPs might be linked to their relatively smaller
particle size and higher surface area. Recently, Noman et al.
2020 reported that green copper nanoparticle synthesized by
Escherichia sp. SINT7 had a very good potential for decolor-
ization of various dyes including Congo red, malachite green,
reactive black 5, and direct blue 1. Hence, the green ZnO NPs
in the current study can be considered effective catalytic agent
for photocatalytic degradation of various dyes including the
azo dyes.

Treatment of textile wastewaters by ZnO NPs

The biologically and chemically synthesized ZnO NPs were
also tested for treatment of textile wastewaters spiked with the
dyes. The data of the parameters including dye decolorization,
COD removal, TDS, pH, and EC of the spiked untreated
wastewater samples as well as the wastewater samples treated
with either type of ZnONPs have been presented in Table 1. It
was observed that 78.3 ± 3.4 and 65.7 ± 2.8% of the initially
added reactive black 5 and 72.9 ± 2.6 and 75.7 ± 3.8% of the
initially added reactive red 120 were decolorized in the waste-
water added with the biologically and chemically synthesized
ZnO nanocatalysts, respectively. Table 1 also shows that 62.7
± 3.1 and 62.7 ± 3.1% of the COD was removed from the
wastewater spiked with reactive black 5 when added with
the biologically and chemically synthesized ZnONPs, respec-
tively. Similarly, 63.4 ± 2.7 and 51.9 ± 2.4% of the COD was

Fig. 7 Percent decolorization of MB by a biosynthesized and b chemically synthesized ZnO NPs. Percent decolorization of 4-NP by c biosynthesized
and d chemically synthesized ZnO NPs
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removed from the wastewater spiked with reactive red 120
when added with the biologically and chemically synthesized
ZnO NPs, respectively. Like color intensity and COD, the pH,
EC, and TDS of the spiked wastewaters were also significant-
ly decreased when the wastewaters were added with the
biosynthesized and chemically synthesized ZnO nanoparticle
(Table 1). Involvement of different types of NPs in treatment
of wastewaters has also previously been reported in few stud-
ies (Kamal et al. 2016b; Noman et al. 2020). Very recently,
Noman et al. (2020) reported that biosynthesized copper NPs
catalysts resulted into an effective photocatalytic reduction in
pH, EC, turbidity, TDS, COD, hardness, chlorides, and sul-
fates of five different wastewaters. However, the present study

is unique because, in this study, the catalytic potential of the
ZnO NPs has not only been tested for reduction of pH, EC,
TDS, and COD but also for removal of color of two synthetic
dyes which are extensively used in textile processing. This
finding suggests that the biosynthesized ZnO NPs might serve
as a good catalyst for photocatalytic treatment of the dye-
loaded textile wastewaters.

Conclusion

We conclude that the Pseudochrobactrum sp. C5 can be effi-
ciently bioprospected for the green synthesis of ZnO NPs.

Fig. 8 Reduction of different dyes through light + biological (B) and light + chemical (C) ZnO NPs

Table 1 Comparison of different parameters of the untreated and treated wastewaters after 10-h incubation in sunlight

Wastewater Condition Parameters

Color removal (%) COD removal (%) pH EC (dS m−1) TDS (mg L−1)

Wastewater containing reactive black 5 Untreated 5.6 ± 1.3 7.1 ± 2.2 8.3 9.1 1674

Treated with ZnO NPs (B) 78.3 ± 3.4 58.3 ± 4.1 6.1 3.7 427

Treated with ZnO NPs (C) 65.7 ± 2.8 62.7 ± 3.1 7.2 2.3 319

Wastewater containing reactive red 120 Untreated 8.4 ± 2.1 5.8 ± 1.7 8.7 9.3 1756

Treated with ZnO NPs (B) 72.9 ± 2.6 63.4 ± 2.7 6.2 2.9 397

Treated with ZnO NPs (C) 75.7 ± 3.8 51.9 ± 2.4 6.9 3.4 378

ZnO NPs (B) and ZnO NPs (C) represent the biologically synthesized and chemically synthesized nanoparticles, respectively
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Further, biologically synthesized ZnO NPs showed better po-
tential for decolorization of azo dye as compared to the chem-
ically synthesized ZnO NPs possibly due to the harboring of
stable reducing agents from bacterial culture. Similarly, it was
also concluded that biologically synthesized ZnO NPs were
found better in the treatment of dye-loaded actual wastewaters
as compared to that of chemically synthesized ones. Hence,
the strain C5 might be used as a potential nano-factory for the
synthesis and subsequent application of green ZnONPs in dye
decolorization process and the process could be scaled up to
commercial level after more investigations.
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