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ABSTRACT: Employing Psidium guajava (P. guajava) extract
from leaves, copper oxide nanoparticles (CuO NPs), likewise
referred to as cupric oxide and renowned for their sustainable and
harmless biogenesis, have the possibility of being useful for the
purification of pollutants as well as for medicinal purposes. The
current study examined the generated CuO NPs and their physical
qualities by using ultraviolet−visible (UV) spectroscopy. The
distinctive peak at 265 nm of the CuO NP production was
originally seen. Additionally, an X-ray diffraction (XRD)
investigation was conducted to identify the crystalline arrangement
of the produced CuO NPs, and a Fourier transform infrared
(FTIR) spectroscopy examination was performed to validate the
functional compounds of the CuO NPs. Additionally, the
synthesized nanoparticles’ catalytic activities (wastewater treatment) were analyzed in dark and sunlight modes. The catalytic
properties of CuO NPs in total darkness resulted in 64.21% discoloration, whereas exposure to sunshine increased the
nanomaterials′ catalyst performance to 92.31%. By lowering Cr(VI), Ni, Pb, Co, and Cd in sewage by proportions of 91.4, 80.8,
68.26, 73.25, and 72.4% accordingly, the CuO NP demonstrated its effectiveness as a nanosorbent. Total suspended solids (TSS),
total dissolved solids (TDS), chemical oxygen demand (COD), biological demand for oxygen (BOD), and conductance were all
successfully reduced by nanotreatment of tanning effluents, with proportion reductions of 93.24, 88.62, 94.21, 87.5, and 98.3%,
correspondingly.

1. INTRODUCTION
Water is the first naturally occurring substance abundant on
Earth, making up over 80% of the crust’s moisture content. It is
a vital part of the ecosystem of water and is used by humans for
drinking, whether for household, commercial, or other
purposes. On the planet, water molecules exist in three states:
fluid, vapor, and solid. Whether directly or indirectly, without
any special treatment, the industrial operations throughout the
production process emitted both liquid and solid wastes that
contaminated the water.1 Among such water pollutants are
harmful sulfides, chromite minerals, textile-related pollutants
from azo colorants, and tiny quantities of metallic elements.
The release of harmful substances and industrial waste into
bodies of water seriously threatens aquatic life, vegetation, and
people’s health. Consuming large amounts of waste from
factories may lead to tumors and other illnesses, including
jaundice, cardiac arrest, and digestive issues. Most of the
world’s population now lives in underdeveloped nations
without access to clean groundwater.2 The World Health
Organization (WHO) claimed that 854 million people

worldwide did not have access to basic drinking water facilities
in 2019 and that 160 million individuals relied on water from
the ground. According to worldwide research, by 2026, at least
two billion individuals will consume fluid contaminated by
excrement.3,4 These factors make sewage treatment and
discharge regulation critical to meet water needs and maintain
aquatic environments. Due to their varied chemical, physical,
and physiological features, many investigators have proposed
employing environmentally friendly techniques to biosynthe-
size nanoparticles of metals and oxides for water treatment.
Nanotechnology has been extensively employed in the last 10
years in countless biological uses, including medication
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transport, diagnostics, antibacterial and carcinogenic activities,
and numerous cancer therapies. Additionally, it can be used for
wastewater treatment of petrochemical colors due to its diverse
nanostructure and enormous dimension.5

Most of the particles are separated during the initial
procedure, which typically consists of two phases, and
biodegradable organic matter is removed by biological means
during the second phase. Yet, there is still a sizable amount of
phosphorus and nitrogen elements in second-generation
sewage, which frequently cause pollution in aquatic systems.6

This is accomplished by implementing secondary processes for
wastewater to decrease phosphorus and nitrogen levels to 0.3
mg/L. The processes above rely on bacteria’s ability to reduce
phosphorus and nitrogen and biological and chemical
mechanisms. Nevertheless, typical wastewater treatments
have several drawbacks, including massive chemical usage,
emissions of greenhouse gases, high operating and installation
expenses, and high electricity consumption.7,8 The disadvant-
age of disposing of sewage in a way that could lead to
ecological problems occurs with the active sludge processing
method, which is typically used in secondary processing.
Ongoing population growth is anticipated to result in a steady
rise in wastewater production, which might lead to a greater
discharge of nutrients into the top layer of water. In the
decades to come, there will be a need for additional sewer
treatment plants, particularly tertiary wastewater treatment
plants or advanced ones.9,10 Since companies cannot pay the
steadily rising expenditures on treatment amenities, certain
emerging and lower-income nations have not invested in and
upgraded treatment facilities at the same rate as urbanization
and population growth.11 However, another difficult problem
for emerging nations is managing medical centers′ steadily
growing operation and maintenance expenses. Therefore, it is
crucial to create sewage treatment facilities that both are high-
performing and require less capital. Several approaches were
reported to extract nitrogen and phosphates from sewage,
including using a hybrid adsorbent, ligand-based conjugated
substances, membrane contactors, and tiny algae. Because of
their advantages, phytoplanktons are increasingly used to
remove nitrogen and phosphorus from sewage. The group of
single-celled organisms known as microalgae is found in many
aquatic habitats and ranges in dimension from a few to a
couple of millimeters.11−13

Different approaches like hydrothermal, sol−gel, chemical
response, coprecipitation, vapor depositing, laser treatment,
electrodeposition, and bubbling are used to create metallic
oxide nanomaterials. Due to their simpler advantages,
psychological and chemical procedures are commonly used
to synthesize and create various nanomaterials.14 However,
when metallic salt is converted into metal dioxide or metal
oxide particles by chemical synthesis, hazardous substances
that take the Gestalt of diminishing and stabilizing reagents are
used. Such compounds have the potential to destroy the
atmosphere as well as human beings. Nevertheless, the elevated
temperature, severe pressure, and high energetic physical
power requirements of the physiological techniques might
harm large-scale manufacturing. This has contributed to the
discovery of nontoxic and affordable methods for ecologically
creating nanostructures that may be used by friendly and
unicellular living things like yeast cells, bacteria, fungus
microorganisms′ bacteria, and botanical extracts.15,16 These
synthesis methods have resulted in useful aggregates that may
stabilize and reduce agents for nanoparticles generated during

biosynthesis. These techniques lessen toxic consumption and
offer insightful information on biologic compatibility, making
them valuable for pharmacological and environmental
objectives.
Copper oxide (CuO), a semiconductor material with a very

small band gap of 1.7 eV, is also called cupric oxide. With the
utilization of natural liquid extracts from plants, including the
Malva sylvestris, aloe vera plant, Carica papaya, Glory superba,
Sida acuta, Citrus limon and Ruellia tuberosa, several
approaches were recently reported for the manufacture of
CuO NPs utilizing a green biochemistry technique.17 Due to
the high concentration of pharmacologic components in P.
guajava leaf extract, it is frequently used as a traditional
medicine around the globe. Traditional applications of P.
guajava fruits and leaves include the treatment of conditions,
including obesity, diarrhea, high blood pressure, diarrhea,
dermatological treatments, and wound rehabilitation in regions
like Southeast Asia, Africa, South America, and Mesoamerica.
The second-generation polyphenols and phenolic substances
like flavonoids, mostly precursors of propranolol and have
several pharmacological activities, including anticancer, anti-
oxidant, antibacterial, and infectious action, are highly
concentrated in the leaf of guava extracts.18 Due to terpinene
and phenol in plant leaf extracts, molecules of flavonoids
produced from guava leaves can prevent Gramme+ and
Gramme+ infections caused by bacteria. The research
presented was novel since it was the first to describe using
extracts of P. guajava leaf for pharmaceutical purposes.19 The
natural production of CuO NPs in this work uses aqueous
extracts of leaves as reducing and capsizing agents. CuO
nanoparticles (CuO NPs) are currently being extensively
employed for study in the physiological and therapeutic
domains; biological activity relies on the structure and
dimensions of the nanomaterials. Additionally, biogenerated
CuO NPs were effective in removing 85% of the dye and 28,
42, and 85% of the metals nickel (Ni), chromium (Cr), and
lead (Pb) from the effluent of textiles. It has been
demonstrated that several factors, including interaction
duration, nanosorbent dosage, pH, and metallic ion levels,
influence the removal of nickel, lead, and Cd (cadmium) in
contaminated water using CuO, one of the most widely
utilized nanomaterials.20,21 Similar to this, myco-produced
MgO NPs have demonstrated exceptional effectiveness in the
purification of dyeing effluents, documenting more than 95%
color elimination ability, around 97% elimination of chromium
particles, and a decline in the electrical conductivity and
chemical constitution of the disinfected water, such as
biological demand for oxygen (BOD), total dissolved solids
(TDS), total suspended solids (TSS), and chemical oxygen
demand.22 Consequently, the use of environmentally friendly
products that have been biocompatible with heavy metal
removal and sewage treatment in factories is acceptable. Such
are the major obstacles to overcoming the chemical
compounds′ drawbacks. Their significance is amplified
whenever these new substances exhibit antibacterial and
antifungal abilities.
One of the study’s major innovations is the use of P. guajava

leaves as a natural source for synthesizing copper oxide
nanoparticles. This environmentally friendly technology
reduces reliance on traditional chemical synthesis techniques
and promotes sustainability. This study aims to determine how
well copper oxide nanoparticles (CuO NPs) from P. guajava
leaves can clean tanning wastewater. The objective is to offer a
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fresh and efficient method for sterilizing and cleaning the
complicated wastewater that tanning operations produce,
which contains a variety of contaminants. Another goal is to
contrast the sterilizing effectiveness of CuO NPs made from P.
guajava leaf under dark and light illumination. It makes it easier
to assess how different light sources affect the nanoparticles′
photocatalytic capabilities and their capacity to destroy
bacteria. This entails assessing the likelihood that nanoparticles
will be released into the environment and comprehending their
long-term consequences for ecosystems. UV spectroscopy,
dynamic light scattering (DLS), X-ray diffraction (XRD),
Fourier transform infrared (FTIR), and transmission electron
microscopy (TEM) were used to characterize the green-
synthesized CuO NPs. Additionally, the ability of CuO as a
nanosorbent to decolorize and enhance the physicochemical
properties of effluents from tanneries was assessed.

2. EXPERIMENTAL WORKS
2.1. Materials. Science Laboratory Spaces in Chennai,

Tamil Nadu, India, provided the testing compounds and
copper acetate of standard academic quality. Deionized water
was used throughout the whole trial. Clean P. guajava plant
leaves were taken from a hamlet close to Alagappa University
in Karaikudi, Tamil Nadu, India. Ten grams of plant material
was eliminated, cleaned using double-deionized water 2−3
times to remove any remaining dust fragments, and then
allowed to air-dry in sunlight. The leaves were subsequently
separated into tiny fragments, placed in a 250 mL Erlenmeyer
flask with 100 mL of distilled water, and heated for 20 min at a
temperature above 60 °C. The Whatman filtering material
(No. 1) enabled the extract from the leaves to pass throughout.
The extracted leaves were subsequently stored in a cold area
for future research.

2.2. Green Synthesis of CuO NPs. The P. guajava plant
leaves were gathered, cleaned with tap water three times to
remove foreign material, dried at 50 °C to make ash, and
ground into a fine powder. Following that, 7 g of the produced
powder was combined with 120 mL of purified water and
heated at 60 °C for 1 h. The mixture was centrifuged at 1200
rpm for 15 min, and the resulting liquid was gathered and
employed in the following manner for the biosynthesis of CuO
NPs: Cu (CH3COO)2, 100 g. The final amount of 5 mM H2O
was obtained by dissolving it in 100 mL of pure water, mixing

it thoroughly, and then adding botanical extract via drops to
make 120 mL total.
Drops of 1N sodium hydroxide have been added to the prior

combination and stirred for 60 min to get the pH level to 7.
The green precipitation was obtained by centrifuging it at 1200
rpm for 15 min, washing it three times with purified water, and
then drying it for three h at 300 °C. The effective synthesis of
CuO NPs is shown by creating a greenish color after
combining the liquid extract with Cu (CH3COO)2. H2O and
setting the pH at 7. Conversely, a plant’s water-based extract
showed no color changes under identical conditions and with
no metallic precursors. Similarly, the greenish color was
produced by combining copper sulfate with guajava plant leaf
extract in water. The initial indication of CuO NP biosynthesis
is a visual assessment of a water extract following its interaction
with a metallic precursor. According to prior reports, the
vibrations and resonance of positively charged particles on the
NP surfaces may cause the color shift from colorless to green.
Figure 1 shows a graphical representation of biosynthesized
CuO NPs.

2.3. Characterization of Biosynthesised CuO NPs.
Utilizing UV−vis spectral analysis, the energy of the band gap
was identified at wavelengths from 240 to 750 nm, and the
biosynthesis of CuO NPs was verified. To find the highest
surface plasmon resonance values, 2 mL of the synthesized
mixture was placed in a crystal cuvette, and its absorption was
recorded regularly. A Jasco 6300 FTIR spectrometer was used
to determine the functional sections of the CuO NPs produced
during biosynthesis. Using an XRD diffractometer, the stage of
crystalline development of the synthesized CuO NPs was
established.
According to Debye−Scherrer’s eq 1 and XRD examination,

the mean size of the crystals of plant-based CuO NPs is as
follows: SEM studies were used to examine the superficial
morphological features of the generated CuO NPs. Employing
TEM, we investigated the particulate dimensions of CuO NPs.
DLS spectroscopy was used to determine the CuO NP
dimension distribution. The synthesized CuO NPs were
suspended in an extremely clean solvent to prevent a shadow
from appearing on the data throughout the dispersion
evaluation

Figure 1. Graphical representation of biosynthesized CuO NPs from P. guajava leaf.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c05588
ACS Omega 2023, 8, 39680−39689

39682

https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c05588?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


= ×
average crystallite size

0.94 1.54
cos (1)

wherein 1.54 is the X-ray wavelength, 0.94 is the Scherrer
constant, β is the dispersion angle, and θ is the complete
breadth of the dispersion spike at half-maximum.

2.4. Wastewater Treatment. The deterioration and
discoloration of gasoline tanners′ waterways at different
concentration levels (0.4, 0.8, 1.2, and 1.6 mg/mL) with
different exposure times (30, 60, 90, 120, 150, 180, 210, 160,
180, and 210 min) in both dark and sunlight incubating
conditions were used to test the catalytic capacity of green-
synthesized CuO NPs. The pH of the treated liquid was
determined both before and after the catalysis investigation,
which was conducted at a temperature of 40 °C. A medium-
sized bubble dispersion system and a low-pressure, high-
efficiency compressor were used to aerate a catalytic batch
during creation.

In order to achieve the absorption/desorption point of
equilibrium, an established quantity of tanner effluent was
combined with a certain amount of synthesized CuO NPs and
exposed to 200 rpm swirling for 15 min before the test. A
certain set of tests was incubated in the dark, while another set
was similarly incubated with sunlight exposure. Three copies of
all treatments were carried out. The color removal proportions
(%) were calculated by taking 1 mL of the solution at certain
intervals, centrifuging it for 5 min at 12,000 rpm, and
measuring absorbance at 500 nm with a spectrum analyzer.
The aforementioned formula was used to obtain decolorization
proportions (%).

= ×decolorization percentage
C C

C
(%) 100t0

0 (2)

where Ct is the absorption rate at a certain time and C0 is the
absorption at 0 h (before the test).

Figure 2. UV spectroscopy of biosynthesized CuO nanoparticles.

Figure 3. Dynamic light scattering analysis of biosynthesized CuO nanoparticles.
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3. RESULT AND DISCUSSION

3.1. UV−Vis Spectroscopy. UV−vis spectroscopy is used
to assess the color shift by NP production and to find the
highest surface plasmon resonance (SPR). By using intense
light at a certain wavelength, the electrons liberated on the NP
surfaces attract one another, producing the greatest peak. The
greatest peak (Figure 2) in the present investigation was found
at a wavelength of 265 nm, equivalent to the highest SPR of
CuO NPs. The greatest SPR of CuO NPs made with Vitex
negundo leaf extract in water was seen at 274 nm, consistent
with the outcome. Additionally, the CuO NPs’ SPR spike
produced using an alcoholic solution of Phoenix dactylifera
was identified at 270 nm. Several elements include crystallinity,
crystal size, and form. Several elements, including accumu-
lations, can influence the SPR peaks of NPs, the amount of the
metallic precursor, crystallite dimension and structure, and
crystallinity. Another sign that CuO is spherical and has a

reduced size is that a single spark appears on the UV curve at
wavelengths under 370 nm.

3.2. DLS Examination. To analyze the usual size
estimation of particles for the greenish pathway synthesized
CuO NPs, the technique of dynamic light scattering (DLS)
was used. The largest size of particles that could disperse, as
seen in Figure 3, was 52.32 nm. This study’s findings are in
excellent accord with actinomycetes′ artificially synthesized
CuO NPs, which have a median particle dimension of 53 nm.
According to previous study notifications on the biosynthesis
of CuO NPs using various procedures, the CuO NPs with an
erratic shape of a sphere and nanometer dimension substances
are more susceptible to killing the microbes in the culture
broth substance due to the combination of more surface area
concentration to volume rations.

3.3. XRD Analysis. Radioactive diffraction of the chemical
arrangement of CuO NPs derived from plants was discovered
via XRD examination, which revealed 12 individual peaks.
Bragg’s diffraction peaks are frequently observed at 2Θ values

Figure 4. XRD pattern of biosynthesized CuO nanoparticles.

Figure 5. FTIR structure of biosynthesized CuO nanoparticles along with their plant extract.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c05588
ACS Omega 2023, 8, 39680−39689

39684

https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig5&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c05588?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


of 28.76, 32.3, 34.9, 37.8, 48.3, 54.6, 62.1, 69.3, 71.32, and
74.2°, which correspond to planes of (111), (110), (−111),
(111), (−202), (020), (202), (−113), (−311), (220), (311),
and (−222), respectively (Figure 4). Referring to the Joint
Commission on Powder Diffraction (JCPD) specification
having document reference 80-1268, the acquired XRD
spectral data confirmed that plant CuO NPs comprised face-
centered cylindrical structures and had crystalline character.23

The creation of CuO NPs is indicated by the measured peaks
at 2Θ values in the region of 35−39°, as described earlier.
The lack of extra peaks in the XRD pattern supported the

exceptional purity of the synthesized CuO NPs. The
observations were consistent with a range of green-synthesized
CuO NP research. According to Ahmed et al., the XRD
pattern’s crisp and distinct Bragg’s peaks show that a crystalline
structure with diameters under 100 nm was successfully
formed. Utilizing Debye−Scherrer’s equation, the XRD
structure may be used to determine the crystal dimensions
of CuO NPs produced during biosynthesis. The median size of
the crystallite in the present investigation was 28 nm.

3.4. FTIR Analysis. Aromatic substances′ C−N bend phase
generated pronounced and powerful spikes at 1107 and 1429
cm−1. Because of the existence of the alkene groupings, the
elevated peak at 870 cm−1 is attributable to the C−H
resonance. CuO metal synthesis is attributed to the distinct
spikes at 624, 701, and 777 cm−1. Similar investigations have
shown that the stretched and vibrating modes of CuO NPs
match the two wavelengths of absorption spikes at 799 and 855
cm−1.
Utilizing P. guajava extract from the leaves, the Fourier

transform infrared spectrum was employed to identify
biological molecules that were effective in the plant material
and to ascertain the functional category interactions of
synthesized CuO NPs.24 Figure 5 depicts the FTIR structure
of the produced CuO NPs, which showed several absorbance
regions. The OH stretched properties of phenol compounds
and alcohols corresponded to broad ranges of 2978−3740
cm−1 broad ranges. The additional aromatic ring’s vibration
patterns were allocated to the absorbent regions at 1640 and
768 cm−1.

3.5. Microstructural Analysis. The morphological prop-
erties of biosynthesized CuO NPs, such as their dimensions,
forms, and accumulations, are key factors impacting their
biological functions. Investigations using TEM (Figure 6 (a))
and SEM (Figure 6 (b)) are effective methods for examining
these characteristics. The P. guajava leaf-based CuO NPs are
spherical, neatly organized, and devoid of agglomeration or

clustering, as demonstrated. CuO NPs produced during
biosynthesis ranged in size from 10 to 30 nm, with a median
dimension of 23 nm. This is similar to the previous study of an
aqueous solution of Soursop leaves used to create CuO NPs in
a comparable work, and the median dimension of the particles
ranged from 15 to 33 nm.25

Additionally, the seeds of pumpkin extract have shown great
effectiveness in producing circle CuO NPs with a median
particle size of 20 nm. The sizes and forms of nanoparticles are
intimately connected with their biological function.26 For
example, CuO NPs′ cytotoxic efficiency varied depending on
their size, which ranged from 4 to 24 nm. Because tiny particles
are more effective in dissolving hazardous ions (Cu2+) than
larger sizes, it was previously discovered that CuO NPs having
dimensions of 24 nm were significantly harmful to
adenocarcinoma cells A549 when compared with those with
dimensions of 5 nm. Additionally, SEM analysis was used to
look into the topographic and morphological characteristics of
plant-based CuO NPs. CuO NPs were organized in a spherical
form without accumulation, as is evident from their flat
exterior. Similarly, SEM analysis was used to identify the
spherical form of CuO NPs created by using infusions of
oranges or leaves of mint. Some accumulations in SEM photos
result from coating compounds made from extracts of plants
that may cause them to grow larger during SEM than during
TEM inspection.

3.6. Wastewater Treatment. The main difficulty many
countries, especially those with water shortages, are currently
experiencing is the search for alternative chemical agents that
may be employed to purify diverse industrial effluents. The
major causes of the hazards in these pollutants and related
sewers throughout the tanning process are the overabundance
of chromium ions and additional organic and inorganic
substances. Improper handling of such pollutants seriously
threatens the ecological system, including plants, animals, and
humans.27 Green nanotechnology provides an innovative, cost-
effective way for creating new, environmentally friendly active
compounds with enormous surfaces and strong stability that
may be utilized to eliminate various pollutants.28 Additionally,
by eradicating harmful bacteria in wastewater, consuming
active compounds with antimicrobial properties can improve
the water’s quality. This section examined whether the
generated CuO NPs would successfully treat and decompose
dyeing sewage, among the most hazardous materials produced
by the leather industry.29,30 Various CuO NP quantities (0.4,
0.8, 1.2, and 1.6 mg/mL) were used in the study for a range of
periods (30−210 min with periods of 30 min). To the best of
our ability, this is the first study on implementing green-
synthesized CuO NPs for the discoloration and purification of
crude dyeing effluent (Figure 7). According to the data
analysis, removing color from the dyeing effluent by CuO NPs
was concentration-dependent and dependent upon time. This
result might be explained by a rise in spots for adsorption at
high concentrations, which would boost the decolorization
process.31,32

The findings are consistent with previously released research
on using nanocrystals for dye in decolorization. The
discoloration proportion at a lower dosage (0.4 mg/mL)
during incubating conditions was 11.01 for 0.7% after 30 min
and attained 35 for 0.4% after 210 min in contrast to the
reference. At elevated levels, the proportions rose. For example,
at doses of 0.8 and 1.2 mg/mL, the discoloration proportions
remained 13.10 for 0.3% and 17.21 for 0.2% after 30 min,

Figure 6. Microstrctural images of biosynthesized CuO nanoparticles
of (a) TEM and (b) SEM.
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respectively, and increased to 46.30 for 0.8% and 52.36 for
1.2% after 210 min. Similar investigations found that after 30
min of being treated with green-synthesized MgO NPs at levels
of 0.25, 0.50, 0.75, and 1.0 g/mL, the removal of the color of
dyeing effluent was achieved with proportions of 16.2, 28.4,
37.1, and 53.6% in contrast with the control sample (1.9%).
Following 180 min, these rates rose to 36.21, 53.65, 79.24, and
93.54% at the identical prior percentages.22 In a recent
investigation, after 144 min of being administered at 1.0 mg/
mL, the green-synthesized Fe2O3 NPs exhibited a discoloration
proportion of 78.21%. The greatest discoloration proportion
(72.31) was observed at a concentration of 1.6% under dark
conditions.33

The present investigation was conducted over a duration of
210 min at a dose of 1.6 mg/mL. Notably, incubating in
sunlight (Figure 8) increased the discoloration of dyeing
effluent utilizing plant-based CuO NPs. The decolorization
proportions rose from 14.30% after 30 min at a dose of 0.4
mg/mL to 38.52% following 210 min at the identical level

according to an evaluation of deviation. At doses of 0.8, 1.2,
and 1.6 mg/mL following 210 min, the greatest discoloration
proportions during light illumination conditions were 51.10,
65.17, and 92.21%, respectively. The lower CuO NPs
enhanced the outermost area and thus the number of
adsorption sites. As a result, higher CuO NP levels led to
the greatest discoloration proportions. The enhancement of
waste material discoloration and processing in sunlight may be
attributed to the light stimulation of the electrons on the
outermost layer of CuO NPs, which in turn results in the
generation of pairs of electrons−holes (e−CB and h+VB) by
transferring electrons from the valence band (VB) to the
conduction band (CB). Superoxides (•O2−) and hydrogen
peroxide (•OOH) formed when energized e− in the CB
interacted with oxygen, while unstable hydroxide radicals
(•OH) were created when h+ reacted with water.34,35 In
sewage, such unstable molecules react with impurities and
dyes, degrading them to carbon dioxide, water, and other tiny
ions. According to the information gathered, the physical and

Figure 7. Decolorization proportion of wastewater processing at different concentrations (0.4, 0.8, 1.2, and 1.6 mg/ML) in dark mode.

Figure 8. Decolorization proportion of wastewater processing at different concentrations (0.4, 0.8, 1.2, and 1.6 mg/mL) at sunlight conditions.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c05588
ACS Omega 2023, 8, 39680−39689

39686

https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c05588?fig=fig8&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c05588?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


chemical traits of sun exposure wastewater have been
investigated at an amount of 1.6 mg/mL, following 210 min
of exposure to sunlight illnesses, which was identified as the
most effective condition for the decolorization process.36

Compared to natural wastewater, the effluent variables pH,
COD, BOD, TSS, TDS, and resistivity were assessed under
ideal conditions. The range of contaminants found in tannery
effluent depends on the dimension of the tanning box, the
substances employed, the finished goods, and the volume of
water utilized throughout the tanning procedure. Significant
COD, BOD, TDS, saltiness, TSS, conductance, sulfides, and
toxic metals frequently constitute the key characteristics of
dyeing effluent. This discovery may be connected to using
numerous substances, including chlorine, magnesium, bicar-
bonates, phosphorus, phosphate sulfurates, mineral salts,
nitrates, and water-soluble salts, throughout the production
of leatherette. According to the results, the green-synthesized
CuO NPs were effective in reducing the physical properties of
tanned effluent by, accordingly, 93.24, 88.62, 94.21, 87.5, and
98.3% for COD, BOD, TSS, and conductance. The over-
abundance of bicarbonate elements and calcium carbonate
throughout leather dyeing procedures may be to blame for the
alkaline surroundings of the unsophisticated dyeing effluent. In
this section, the CuO NP treatments reduced the pH readings
from 8.3 0.3 to 7.2 due to the drop in pollutant concentrations.
It may be said that the green-synthesized CuO NPs thus
constitute a potential bioadsorbent for different pollutants in
sewage.37 Magnetite nanomaterials may reduce the COD value
of the dyeing effluent between 5081 and 584 mg/L with an
efficiency of 87.14%. According to Zhang et al., low levels of
CuO NPs (1 mg/L) are thought to be of greater promise than
large amounts (30 and 50 mg/L), which can impede the
growth of bacteria. According to Wang et al., declining the
removal of COD rates throughout sewage treatment at both
low and high CuO NP amounts was not of statistical
significance. According to the previous study, the elimination
amount of COD utilizing 0.1 mg/L CuO NPs was 93.21%, but
when its concentration was increased to 20 mg/L, the figure
dropped to 88.25%.36

4. CONCLUSIONS
The P. guajava leaf extract was used in this study to effectively
produce CuO NPs via the environmental route. This
represents the first time that environmentally friendly
chemistry has been used in the cultivation of this plant to
produce CuO NPs. Because of botanical chemicals, whose
phytocomponents are called capping, decreasing, and stabiliz-
ing agents of CuO NPs, the natural chemical method of CuO
NP synthesis is less harmful and more efficient. The biological
molecules that facilitated the production of CuO NPs and their
crystal shapes need to be validated. The suggested approach
for biosynthesizing CuO NPs was physiochemically charac-
terized by FTIR and XRD spectra. SEM and TEM images
demonstrated the surface structure of the spheres and forms,
and a recommended range was around 40−150 nm. Addition-
ally, DLS was used to validate the median particle size. The
catalytic properties of CuO NPs in total darkness resulted in a
72.31% discoloration, whereas exposure to sunshine increased
the nanomaterials′ catalyst performance to 87.5%. By lowering
Co, Pb, Ni, Cd, and Cr(VI) in sewage by 73.2, 80.8, 72.4, 64.4,
and 91.4%, CuO NP demonstrated its effectiveness as a
nanosorbent. TSS, TDS, COD, BOD, and conductance were
successfully reduced by nanotreatment of tanning effluent, with

proportion reductions of 93.24, 88.62, 94.21, 87.5, and 98.3%,
respectively.
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