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Abstract
Currently, bionanotechnologies are attracting great interest due to their promising results and potential benefits on many 
aspects of life. In this study, the objectives was to biosynthesis CuO-NPs using cell-free extract(s) of copper-resistant fungi 
and use them in bioremediation of textile industry wastewater. Out of 18 copper-resistant fungal isolates, the novel fungus 
strain Fusarium oxysporum OSF18 was selected for this purpose. This strain showed a high efficiency in extracellular 
reducing copper ions to their nano-form. The myco-synthesized CuO-NPs were characterized using UV-Vis spectroscopy, 
HRTEM, FTIR, and XRD and were found to be spherical nanocrystals with the size range of 21–47 nm. The bio-synthesized 
CuO-NPs showed promising antimicrobial activity as well as high efficiency in removing heavy metals and textile dye from 
industrial wastewater. The myco-synthesized CuO-NPs immobilized in alginate beads exhibited superior microbial disinfec-
tion (99.995%), heavy metals removal (93, 55, and 30 % for Pb, Cr, and Ni, respectively), and dye decolorization (90%). Such 
results represent a promising step to produce an eco-friendly, cost-effective, and easy-to handle tool for the bioremediation 
of textile industry wastewater.

Keywords  Myco-synthesized CuO-NPs · Industrial wastewater · Antibacterial activity · Textile dyes · Nano-
bioremediation · Fusarium oxysporum OSF18

Introduction

Environmental pollution is currently increased rapidly as 
a result of urbanization, industrial revolution, and popula-
tion growth. The textile and dyeing industries are among the 
industries that produce large quantities of wastewater (con-
taining synthetic dyes and heavy metals). Several serious 
environmental problems occur when this polluted water is 
discharged into water bodies without adequate or appropriate 
treatment. Textile wastewater could be treated via different 
chemical, physical, and biological approaches or a combi-
nation thereof (Darwesh et al. 2019a; Chung et al. 2022). 

Nanomaterials (with one or more dimension ranged between 
1 and 100 nm) have extraordinary properties due to their 
high specific surface area and distinctive electrochemical 
characteristics. Such properties increase the importance of 
nanoparticles and nanocomposites in various technological 
fields including biotechnology and environmental applica-
tions. Environmentally, these small-sized materials could 
play a critical role in element adsorption, catalytic decom-
position of organic compounds, and microbial disinfection. 
Thus, it can be applied to treat various urban, industrial, 
agricultural, and industrial wastewaters (including textile 
wastewater) (Anjum et al. 2019; Darwesh et al. 2019b; 
Parvin et al. 2019).

Copper nanoparticles (Cu-NPs) have many potential 
applications in various fields such as electronics, optics, 
medicine, conductive films, lubricants manufacturing, nano-
fluids, and antimicrobial agents (Powara et al. 2019). In 
addition to previous applications, Cu-NPs were applied for 
environment remediation and protection from various haz-
ardous contaminants like textile dyes, phenolic compounds, 
heavy metals, and some pesticides (Ostaszewska et al. 2016). 
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The Cu-NP preference is compared to silver that had ease 
of mixing with polymers, chemical, and physical stabil-
ity and lower cost than silver (Vimbela et al. 2017). Many 
explanations were written about understanding the mecha-
nisms of nanomaterials’ antibacterial activity like contact-
ing with microbial cell wall, binding with DNA, or attached 
with microbial proteins (Slavin et al. 2017). Moreover, the 
charges of metal-based nanoparticles (MBNs) create strong 
bond with heavy metals as well as dye structure, resulting in 
component precipitation (Stensberg et al. 2011).

Several methods are applied for synthesis of MBNs like 
chemical, biological, and physical procedures. The produced 
nanomaterials may differ from method to other depending 
on various parameters such as reducing materials or system, 
capping agents, stabilizing substances, and environmental 
conditions (Hussein et al. 2019; Khan et al. 2019; Velsankar 
et al. 2020d). Chemical methods may produce toxic materi-
als as undesirable substrates and may be done under uncon-
trolled reactions (Yu et al. 2009). Also, physical methods 
are highly costed and need especial instruments, in addition 
to unchanged properties upon bulk materials (Dhand et al. 
2015). However, biological procedures are advantaged as 
safe, environmental-friendly, controlled, produce high-active 
nanomaterials, and have capping and stabilizing agents 
(Sultan et al. 2016; Velsankar et al. 2021). In this regard, 
bacteria, actinomycetes, microalgae, and fungi have been 
reported for the green biosynthesis of different nanoparticle 
(Darwesh et al. 2019b). The dynamic goods of the copper 
led researchers to convert it to nano-forms for explication of 
its antimicrobial/antioxidant properties. The biosynthesis of 
antimicrobial CuNPs by Streptomyces spp. was mentioned 
by Hassan et al. (2018). Also, anticancer activity was suc-
cessfully monitored for CuO-NPs and CuNPs produced by 
Trichoderma species (Saravanakumar et al. 2019).

Fungi, in particular, are known for their superior ability 
to produce many bioactive compounds, and their efficiency 
in converting metal ions into their nanoscale form (Fouda 
et al. 2021; Ahmed et al. 2022). Therefore, in this study, a 
number of fungi resistant to copper ions were selectively 
isolated from soil and then the most effective fungal strain 
in the biosynthesis of CuO-NPs was selected. Furthermore, 
the green synthesized CuO-NPs were characterized, immo-
bilized in alginate beads, and investigated as a disinfectant, 
heavy metal adsorbent, and decolorizing agent for textile 
industry wastewater (synthetic and real).

Materials and methods

Isolation and screening of copper‑resistant fungi

All isolation sources (soil and textile industry wastewa-
ter) for copper-resistant fungi were collected from Giza 

governorate, Egypt. The samples were seven samples of 
soil (three from copper foundries and four from neighbor-
ing agricultural farms) and five samples of wastewater (from 
textile factories in 6th of October City). The samples were 
collected and transferred to the lab under aseptic conditions 
and stored in refrigerator at 4 °C until used [18]. Isolation of 
copper-resistant fungi was set up using consecutive enrich-
ment culturing technique. Briefly, 10 g/mL of soil/wastewa-
ter sample was (in triples) enriched in 250-mL conical flasks 
containing 100-mL potato dextrose broth medium (PDB) 
amended with 1 g/L CuSO4 (as enrichment medium). Flasks 
were incubated under orbital shaking conditions (100 rpm) 
at room temperature for 10 days. The enrichment cultures 
were successively repeated three times by transferring 10 
mL of the previous culture to fresh enrichment medium and 
incubated under the same conditions (Hasanin et al. 2019). 
One-milliliter aliquot from each flask was then transferred 
to a 1%-saline water tube for progressive dilution to 10−5. 
Finally, 100-μL aliquot of suspension was coated on potato 
dextrose agar (PDA) plates supplemented with ampicillin 
(50 μg/mL) as anti-bacterial and 1000 mg L−1 CuSO4·5H2O 
and incubated at 28 °C for 7 days (Darwesh et al. 2020). 
Representative fungal colonies with different morphology 
on agar plates were isolated, purified, and maintained on the 
same isolation medium for further investigations.

Purified fungal isolates were screened on the basis of 
their tolerance to Cu2+. A disk of mycelium was inoculated 
aseptically on PDA plates supplemented with 1000 ppm 
CuSO4. The diameters of the emerging colonies (mm) ver-
sus the control group (medium without Cu2+) were measured 
after incubation at 28 °C for 7 days. Furthermore, the ability 
of fungal isolates to grow in liquid medium (PDB) supple-
mented with 1000 ppm CuSO4 was screened. Duplicates 
of 250-mL conical flasks containing 100 mL PDB-copper 
medium were inoculated with a disk of fungal mycelium 
and incubated under orbital shaking conditions (100 rpm) at 
room temperature for a week. The growth of fungal isolates 
was estimated by measuring the final dry biomass. Fungal 
isolates that showed good resistance and growth in the pres-
ence of copper were selected for subsequent experiments.

Screening fungi for extracellular biosynthesis 
of copper NPs

The ability of copper-resistant fungal isolates to reduce 
and convert copper ions into an extracellular nanoform 
was screened. Into 250-mL conical flasks, 100 mL of PDB 
medium (pH 5.5) was inoculated with 1 mL of fungal spore 
suspension (106 spore mL−1) and incubated at 100 rpm and 
28 °C for 3 days. At the end of incubation period, the cul-
tural filtrates were applied as biological reducing agent to 
transform Cu2+ into its nanostructures. The cultural filtrates 
have been mixed with an equal volume of 0.5% CuSO4 
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solution and incubated in dark for 3 days on a rotary shaker 
at 100 rpm at 28 °C. The biosynthesis of Cu-NPs was 
checked (daily) by measuring the absorbance values of the 
aforementioned mixtures at 570 nm using a UV spectropho-
tometer (Jenway UV/Visible 2605 spectrophotometer, Eng-
land) (Khodaie and Ghasemi 2018). Based on the efficiency 
of CuO-NP formation and tolerance for copper ions (from 
previous experiment), the most promising fungal isolate was 
selected for identification and further investigations.

Identification of selected fungal isolate for Cu‑NP 
biosynthesis

Identification of the selected fungal isolate up to the genus 
level was carried out using morphological microscopic char-
acteristics (Olympus cx41, Japan). Meanwhile, the molecu-
lar identification of the fungal species was carried out using 
sequencing of the ITS region. In brief, the total genomic 
DNA was extracted using CTAB protocol (Eida et al. 2018) 
for fungal mycelium harvested after cultivation in PDB 
medium for 3 days. Extracted DNA was amplified using 
polymerase chain reaction (PCR) by ITS1 (5′-TCC​GTA​
GGT​GAA​CCT​GCG​G-3′) and ITS4 (5′-TCC​TCC​GCT​TAT​
TGA​TAT​GC-3′) primers. The identification was achieved 
by comparing the contiguous DNA sequence with data from 
the reference and type strains available in public GenBank 
databases using the BLAST program (National Centre for 
Biotechnology Information) (http://​www.​ncbi.​nlm.​nih.​Gov/​
BLAST). The obtained sequences were aligned using Jukes 
Cantor Model (Darwesh et al. 2019c). Finally, the sequences 
were deposited in GenBank and the accession number was 
obtained.

Production and characterization 
of myco‑synthesized Cu‑NPs for environmental 
applications

The selected fungus (isolate F18) was cultivated for 3 days in 
a 3-L flask containing 2 L of PDB medium aerated by bub-
bling with sterile air. The cell-free culture filtrate was mixed 
with a similar volume of 0.5% CuSO4 solution and stirred 
for 24 h to allow the formation of Cu-NPs. The formed Cu-
NPs were allowed to precipitate, pooled, and washed once 
with distilled water and twice with absolute ethanol and 
then dried at 50 °C. The dried and grounded Cu-NPs were 
subjected to further characterization before being used in 
antimicrobial and textile wastewater treatment experiments.

Cu-NPs biosynthesized using the fungus F18 were char-
acterized by high-resolution transmission electron micros-
copy (HRTEM) (JEOL 2100 Japan) to define the size and 
shape of the produced nanostructures. Fourier transform 
infrared spectroscopy (FTIR) analysis was performed to 

determine the possible biomolecules guild for capping, 
reduction, and efficient stabilization of the myco-synthe-
sized Cu-NPs. The samples were scanned using infrared 
in the range of 4000:400 cm−1 using a FTIR spectrometer 
(Agilent system Cary 630 FTIR model). The obtained 
spectral data were compared with the reference chart 
to identify the functional groups present in the sample 
(Nandiyanto et al. 2019). The crystalline structure of the 
myco-synthesized Cu-NPs was characterized by an X-ray 
diffractometer (XRD-6000 series by Shimadzu apparatus) 
in order to determine its elemental composition. Scanning 
electron microscopy (SEM) instrument provides details of 
sample high-resolution images by scanning the surface to 
appear the surface morphology. So, it is used for charac-
terization of material structures. Also, energy dispersive 
X-ray analyzer (EDAX) is used to provide elemental iden-
tification and quantitative compositional information.

Antimicrobial activity of the myco‑synthesized 
CuO‑NPs

The antimicrobial activities of the myco-synthesized Cu-
NPs were tested against the following pathogens: Bacil-
lus cereus ATCC-12228, Listeria monocytogenes ATCC-
35152, Enterococcus faecalis ATCC-29212, Pseudomonas 
aeruginosa, Salmonella typhi, Escherichia coli ATCC-
25922, Candida albicans ATCC-10231, Aspergillus niger 
ATCC- 16888, Aspergillus flavus ATCC- MYA 4921, and 
Fusarium proleferatum MPVP 328. The antimicrobial 
activity was tested by well diffusion agar method accord-
ing to the previous described by Darwesh and Elshahawy 
(2021). The tested Cu-NP concentration (200 mg/mL) was 
tested against amoxicillin as antibacterial reference and 
nystatin as antifungal reference (200 mg/mL). All samples 
were performed in triplicate and expressed as average val-
ues ± SD. Minimum inhibitory concentration (MIC) also 
was determined (Mourad et al. 2019).

Immobilization of CuO‑NPs on alginate beads

The composite based on nano-copper was prepared to easy 
handle of the produced CuO-NPs for wastewater treatment. 
Briefly, a solution of 3 % sodium alginate prepared under 
continuously steering was mixed with solution of myco-
synthesized CuO-NPs under vigorous steering for 1 h. 
The prepared mixture was added dropwise into calcium 
chloride solution (5%) and kept under vigorous steering 
another 1h after finishing alginate/CuO-NP solution. The 
produced pellets were washed several times by deionized 
water and freeze-dried.
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Heavy metal removal and dye adsorption 
by the myco‑synthesized CuO‑NPs

The capability of the myco-synthesized CuO-NPs to remove 
three common heavy metals, i.e., led, chromium, and nickel 
from a synthetic wastewater, was examined. A 500 ppm of 
the tested heavy metal ions was prepared using their salts 
(Cr2K2O7, NiCl2, and PbNO3). CuO-NPs (produced by 
Fusarium oxysporum OSF18) at concentration of 100 mg/10 
mL were applied to remove these ions from their solutions; 
the removal efficiency was calculated (Powara et al. 2019).

For textile dye adsorption, the same concentration of the 
myco-synthesized CuO-NPs was added to reactive red azo 
dye solution (300 ppm) and then incubated under shaking 
conditions (100 rpm) for 24 h. The decolorization efficiency 
was calculated as previous description by Darwesh et al. 
(2014).

Application of immobilized CuO‑NPs for textile 
industry wastewater remediation

The bioremediation efficiency of CuO-NPs immobilized in 
alginate beads were applied to a real textile industry waste-
water treatment sample (collected from textile manufac-
tory at Kafr El-Dawar region, Egypt). A total of 500 mg of 
alginate beads containing 200 mg of CuO-NPs was added to 
10 mL of the collected wastewater sample. After overnight 
incubation with shaking (100 rpm), total microbial counts, 
dye, and heavy metal (Pb, Cr, Ni) removals were determined 
and compared with untreated wastewater. Disinfection, dye 
decolonization, and heavy metal removal efficiencies were 
calculated.

Results and discussion

Isolation and screening of copper‑resistant fungi

The main objective of this study is to bio-remediate the 
wastewater effluent from textile industry by producing cop-
per nanostructure using active fungal isolates capable to 
resist and reduce copper ions. The consecutive enrichment 
culture technique was relied on PDB medium supplied with 
a high concentration of copper ions to increase the possibil-
ity of obtaining copper-resistant fungal isolates from the 12 
previously collected samples. After the processes of enrich-
ment in Cu-PDB liquid and culturing on Cu-PDA plates, 
35 fungal colonies from different samples, and whenever 
possible with different morphologies, were selected for iso-
lation and purification. In this hypothesis, the sample source 
is a key to success of targeted fungi isolation (Vimbela et al. 
2017). Screening of the purified fungal isolates either on 
PDA plates or liquid medium (PDB) supplemented with 

1000 ppm CuSO4.5H2O revealed the superiority of 13 iso-
lates to grow well and tolerate Cu2+ (unpublished data). The 
selected isolates were encoded as F5, F8, F10, F14, F18, 
F20, F22, F24, F26, F27, F28, F29, F30, and F34.

Screening for extracellular biosynthesis of copper 
oxide NPs

The previously selected 13 Cu-resistant fungal isolates have 
been screened against the ability for reducing copper ions 
into its nanoform. Fungi have the ability to produce, both 
internally and externally, relatively large amounts of proteins 
and enzymes, which are important in the rapid and sustain-
able synthesis of nanoparticles (Guilger-Casagrande and 
Lima 2019). Hence, 3-day-old culture filtrate (on PDB) was 
tested as a potential medium containing biological reducing 
agents to convert Cu2+ into its nanostructures. The screen-
ing was based on the production of precipitated CuO-NPs 
that can be spectrophotometrically measured at a wavelength 
of 570 nm (OD570) (Fig. S3). The obtained results showed, 
as in Fig. 1, the variability between the investigated fungal 
isolates based on the production of CuO-NPs. In solutions 
containing 5000 ppm CuSO4.5H2O, the fungal isolate F18 
showed greater efficiency in the extracellular biosynthesis 
of CuO nanoparticles than others. This efficiency can be 
attributed to the efficient ability to secrete extracellular mol-
ecules capable of converting copper ions into their reduced 
nanoscale form. The reduction system of microbial biomass 
plays a vital role in reduction of metal ions and fabrication 
of nanometals’ form (Sungur and Gülmez 2015). It is impor-
tant to mention that this fungus (F18) was isolated from 
wastewater of the textile industry, which contained copper 
(and others) as contaminants, and also showed the highest 
tolerances to copper ions. This leads to the confirmation that 
the sample source is of importance in characteristics and a 
key to success of the targeted microbial isolates (Mani et al. 
2021). The most active fungal isolate were obtained from 
the wastewater samples collected from textile plants. Sungur 
and Gülmez (2015) reported that the residues of copper and 
chromium in dyestuffs are possible from the use of catalysts 
in the synthesis of some dye intermediates. Also, some reac-
tive dyes contain copper, cobalt, nickel, and chromium as 
metal complexes or metallic impurities, originating from the 
raw materials used in manufacture.

Identification of the most active fungal isolate

Based on the tolerance to copper ions and the extracellu-
lar biosynthesis of CuO-NPs, the isolate-coded F18 has 
been selected for identification and further experiments. 
Cultural and morphological characteristics suggested that 
this isolated fungal was initially identified as F. oxysporum 
(Nel et al. 2006; Elshahawy et al. 2018). The molecular 
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identification was applied based on the amplification and 
sequencing of the internal transcribed spacer (ITS) genes. 
The obtained sequences were compared with sequences 
available in GenBank using BLAST program (http://​www.​
ncbi.​nlm.​nih.​Gov/​BLAST). The phylogenetic relationship 
showed that this strain is very close to the type strains of 
F. oxysporum (Fig. 2) with a similarity percentage of 98.83 
% with other related strains in GenBank. The fungus was 
recorded in GenBank as F. oxysporum (OSF18) with acces-
sion No. MZ833458.

Characterization of biosynthesized Cu‑NPs

Copper nanoform produced by F. oxysporum (OSF18) was 
characterized using transmission electron microscopy, Fou-
rier transform infrared spectroscopy, and X-ray diffraction 

spectrophotometer. Transmission electron microscopy 
(TEM) is considered the main technique for nano-size mate-
rial characterization (especially for morphological charac-
terization), because it illustrates the size and morphology 
of nanoforms (Mourad et al. 2019). In this study, high-res-
olution transmission electron microscopy (HRTEM) was 
applied for the morphological analysis of myco-synthesized 
CuO-NPs. Micrographs obtained from HRTEM (Fig. 3) 
indicated that the sizes of the CuO-NPs produced ranged 
from 21 to 47 nm. Regarding the shape, the resulting CuO-
NPs had a spherical shape with marginal difference with 
some aggregates as shown in Fig. 3.

In addition, HRTEM image indicates the presence of a thin 
layer around the formed CuO-NPs which could be fungal proteins 
that acts as capping and/or protective agents. These proteins are 
supposed to be useful for protecting the produced nanoparticles 

Fig. 1   Copper ions reducing 
and nanostructure formation by 
fungal isolates at 5000 ppm of 
copper sulfate
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from aggregation. This result agrees with the results reported 
by previous study (Nabila and Kannabiran 2018; Darwesh et al. 
2019d). The observations in this experiment confirm the pres-
ence of reducing substances and capping agents in the cell-free 
extract of F. oxysporum (OSF18), indicating the importance of 
this fungus in the biosynthesis of CuO-NPs.

FTIR was performed to give insights of functional groups 
as reducing, stabilizing, and capping agents in the synthesized 
CuO-NPs. As shown in Fig. 4, the FTIR spectrum in the range 
of absorption bands from 400 to 4000 cm−1 represents the 
infrared spectrum of CuO-NPs with some vibration bands at 
different wavelengths. The peak displayed around the range of 
600 cm−1 refers to the band of alkyl halides (C-Cl) (Rasheed 
et al. 2017) as in position of 15–18. In contrast, C-H bond peak 
could be distinguished at 2932 cm−1 as a result of methylene, 

methoxy, and methyl groups stretching vibrations as in position 
of 5, while O-H group stretching due to the proposed presence 
of alcohols, flavonoids, and phenols was viewed at 3418 cm−1 
(Rohaeti et al. 2015), as in position of 4, whereas C=O bond 
stretching peak was detected at 2379 cm−1 (Tungmunnithum 
et al. 2018) as in position of 6. Based on the peaks of FTIR 
spectroscopy, protein molecules (possibly active enzymes) are 
suggested as reducing and capping agents for the biosynthe-
sis of CuO-NPs. The crystallinity nature of the biosynthesized 
CuO-NPs was identified and confirmed by XRD analysis at 
peak position with 2θ values (Fig. 5) (Velsankar et al. 2019; 
Kaliammal et al. 2021).

The morphology, surface uniformity, and elemental 
composition of the produced CuO-NPs were characterized 
using SEM/EDAX and the resulted image and analyses are 

Fig. 3   Production and HRTEM 
characterization of fungal 
CuO-NPs: 1, fungal culture; 
2, culture filtrate; 3, CuSO4 
solubilization; 4, mixture of Cu 
ions with filtrate; 5, proteins or 
reducing agents; 6, reducing 
agents coating ions; 7, reduc-
ing Cu ions; 8, CuO-NPs; 9, 
HRTEM picture

Fig. 4   FTIR analyses of the 
myco-synthesized CuO-NPs
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illustrated in Fig. 6. Results indicated that the surface of CuO-
NPs was uniform and belonged to nano size (< 43 nm). This 
result is in agreed with those obtained by the three-dimen-
sional electron microscopy (HRTEM). For the metal com-
position of the sample, the EDAX analyses confirmed that 
the produced is copper oxide nanoparticles coated by protein 
molecules as appeared in metal analyses (Cu, O, C, P).

Antimicrobial activity of the biosynthesized 
CuO‑NPs

The antimicrobial activity of CuO-NPs biosynthesized 
using supernatant of F. oxysporum (OSF18) was investi-
gated against ten microorganisms using the method of agar 
well diffusion by measuring the inhibition zones. The tested 

Fig. 5   XRD analysis of the myco-synthesized CuO-NPs

Fig. 6   SEM/EDAX characterization of fungal CuO-NPs
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bacteria were L. monocytogenes and B. cereus as Gram posi-
tive bacteria and E. coli, S. typhi, and Ps. aeruginosa and 
E. faecalis as Gram-negative bacteria. In addition, the yeast 
C. albicans, as well as the fungi A. niger, A. flavus, and F. 
proleferatum, were tested as representatives of molds. The 
biosynthesized CuNPs was tested at the concentration of 
200 mg/mL and it exhibited noticeable inhibition for the 
all tested microorganisms as illustrated in Fig. 7. Similar 
studied on CuO-NPs showed similar results toward path-
ogenic microorganisms (Longano et al. 2011; Mahmoodi 
et al. 2018; Sadek et al. 2018; Velsankar et al. 2020c). The 
antimicrobial activity of CuNPs can be attributed to their 
large active surface area and thus their ability to interact with 
pathogens (Qiu et al. 2020; Velsankar et al. 2020b).

The minimum inhibition concentrations (MIC) of CuO-NPs 
biosynthesized by cultural filtrate of F. oxysporum (OSF18) 
were examined and the obtained values are represented in 
Table 1. The results showed that the recorded MIC of tested 
nanoparticles ranged between 20 and 70 mg/mL. These prop-
erties and capabilities make CuO-NPs a potential candidate for 
bioremediation and pathogen control in many medical and envi-
ronmental fields (such as wastewater treatment).

Heavy metal removal and dye adsorption 
by myco‑synthesized CuO‑NPs

The capability of the biosynthesized CuO-NPs to remove 
heavy metals and textile dyes from synthetic wastewater was 

measured. Three solutions of heavy metals, Cr, Pb, and Ni at 
a concentration of 100 ppm plus a 300 ppm solution of reac-
tive azo red dye, were prepared and used (separately) as the 
target industrial wastewater for treatment. Bio-synthesized 
CuO-NPs at concentration of 100 mg/10 mL was applied 
in the mentioned synthetic wastewater for 24 h and the per-
centages of heavy metals or dye removal are measured and 
illustrated in Fig. 8. Regarding the removal of heavy metals 
by CuO-NPs, although the removal efficiency of chromium 
and nickel did not exceed 10%, the percentage was much 
higher in the case of lead (98.49%). Heavy metal removal via 

Fig. 7   Antimicrobial activity of 
CuO-NPs (200 mg mL−1) pro-
duced by F. oxysporum (OSF18)

Table 1   Minimal inhibitory concentration (MIC) of the produced 
CuO-NPs

Pathogenic microorganisms MIC of CuO-NPs produced 
by F. oxysporum (mg mL−1)

B. cereus 25
L. monocytogenes 25
E. faecalis 20
P. aeruginosa 33.3
E. coli 20
S. typhi 25
C. albicans 20
A. niger 50
A. flavus 60
F. proleferatum 70
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nanoparticles mainly occurs due to adsorption onto its sur-
face (El-Dib et al. 2020; Velsankar et al. 2020a; Velsankar 
et al. 2022b; Darwesh et al. 2021). The adsorption affinity 
between CuO-NPs and different heavy metals present in the 
environment varies according to the element, and thus, the 
removal efficiency of different elements varies under the 
same conditions.

On the other hand, the color removal of reactive red dye 
from the synthetic wastewater by the action of CuO-NPs 
reached 92% within 24 h (Fig. 8). The results indicate the 
effective ability of the biosynthesized CuO-NP compounds 
to absorb and decolorize the synthetic dyes, which is one of 
the main pollutants in textile dye wastewater (Tappe et al. 
2000). The wastewater contains textile dyes, heavy metals, 

and pathogenic microbes as a source of hazardous pollut-
ants, so we focused on removing dyes and heavy metals in 
addition to control the pathogens.

Bioremediation of raw textile wastewater using 
myco‑synthesized CuO‑NPs

Previous experiments demonstrated the ability of biosyn-
thetic copper nanoparticles to control pathogenic microbes in 
addition to absorb and remove heavy metals and dyes from 
synthetic wastewater. Therefore, it was reasonable to study 
its application in bioremediation of raw textile wastewater. 
In industrial applications, it is necessary to immobilize bio/
catalyst materials such as enzymes and nanoparticles in suit-
able support material(s) to protect them against washing-out 
and adverse surrounding conditions. Hence, in this study, the 
biosynthesized CuO-NPs were immobilized in alginate beads 
and applied to treat raw effluent wastewater obtained from a 
textile factory in Egypt. The level of biological contamination 
of studied wastewater was measured by microbial counting 
as colony forming unit (CFU) which was 130 × 107. After 
treatment, the microbial load was decreased by the percent-
age of 99.995% (Fig. 9) which can be considered as effective 
disinfection or partial sterilization of the raw wastewater. In the 
same raw textile wastewater, the heavy metal removals were 
as 93, 55, and 30 % for Pb, Cr, and Ni, respectively (Fig. 9). 
It should be noted that the heavy metal removal in raw textile 
wastewater took the same pattern as in synthetic wastewater. 
Also, the removal efficiency for the tested heavy metals was 
Pb > Cr > Ni which was similar as reported in other studies 
(Mahmoud et al. 2021; Velsankar et al. 2022a). Regarding dye 
removal, as in Fig. 9, the percentage was as 90% which almost 
similar to the percentage obtained from synthetic wastewater.

Fig. 8   Removal efficiency of Pb, Cr, Ni, and reactive azo red dye 
from synthetic wastewater by CuO-NPs (10 mg mL−1) biosynthesized 
by F. oxysporum (OSF18)

Fig. 9   Removal efficiencies of 
some contaminants from raw 
textile industry wastewater 
using biosynthesized CuO-NPs 
immobilized in alginate beads 
after 24 h
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Textile industry wastewater is produced by huge amounts 
daily and considered one of the most pollutants producers 
in world country. Due to increase the pure water shortage, 
bioremediation of such wastewater is very important to fill 
the water deficit. From various technologies used in this field, 
nanotechnology especially from biological source is sustain-
able developed to treat industrial wastewater and provide non-
traditional irrigation water resources (Darwesh et al. 2019a). 
The obtained results indicated a good activity toward harmful 
microorganisms. Some other studies reported the antimicro-
bial activity of CuNPs, and it has been talented for medicine 
and dentistry fields due to their properties, specially their 
interaction with pathogens, their large active surface area, and 
their high chemical and biological reactivity (Longano et al. 
2011; Mahmoodi et al. 2018; Darwesh et al. 2019e). When 
their surface is appropriately elaborated, CuNPs could also 
provide efficient binding to the bacteria and/or other pollut-
ants (heavy metals or dyes) because their high surface/volume 
ratio simply offers more contact area. Finally, the comparison 
between obtained CuO-NPs in the current study and other 
literature biosynthesized CuO-NPs are illustrated in Table 2.

Conclusions

Bionanotechnologies received great interest due to their hope-
ful results and potential benefits on many life aspects. In this 
study, we report the eco-friendly and cost-effective biosynthe-
sis of CuO-NPs using the cell-free extract of a novel copper-
resistant fungus strain, F. oxysporum OSF18. The biosynthe-
sized CuO-NPs were characterized and found to be spherical 
nanocrystals with the size range of 21–47 nm. Bio-CuO-NPs 
immobilized in alginate beads exhibited a great efficiency in 
disinfecting microbes (99.995%) and removing heavy metals 
(93, 55, and 30 % for Pb, Cr, and Ni, respectively) and dyes 
(90%) from raw textile industrial wastewater. The biosynthesized 
CuO-NPs immobilized in alginate beads could be concluded as 
eco-friendly, cost-effective, and easy to handle for the bioreme-
diation of textile industry wastewater. More research is needed to 
study the potential long-term impact on the environment when 
such materials are used on an industrial scale.
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