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Abstract
Nanotechnology has been a widespread field for the last decade, but the clean and sustainable development of nanomaterials 
is a stimulating task for researchers in the current situation. The green synthesis of nanomaterial using plant extract is the 
most practiced chore of researchers, but the use of inorganic and organic bases makes them valueless. Herein, we first report 
the biogenic synthesis of copper oxide nanoparticles (CuO NPs) using human urine as a reducing agent. The XRD analysis 
confirmed the crystalline nature and synthesis of CuO NPs, where the grain size was found to be 6.78 nm. The absorption-
desorption study of human urine–mediated synthesized CuO NPs was done with the BET technique, and the pore volume 
and surface area were found to be 0.06  cm3/g and 92.64 nm, respectively. Finally, the spherical morphology was confirmed 
by SEM analysis, and elemental analysis confirmed the formation of CuO NPs using human urine. The well-characterized 
CuO NPs were used for the eco-friendly degradation of phenol in aqueous media under sunlight, and the removal efficiency 
was recorded using a spectrophotometer. The antibacterial activity of synthesized CuO NPs was tested against gram-positive 
and gram-negative pathogenic bacteria. Also, the antifungal activity was verified against different fungal strains.
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Abbreviations
BET  Brunauer-Emmett-Teller
BJH  Barrett-Joyner-Halenda
EDX  Energy-dispersive X-ray spectroscopy
FTIR  Fourier-transform infrared spectroscopy
CuO NPs  Copper oxide nanoparticles
MIC  Minimal inhibitory concentration
mm  Millimeter
NPs  Nanoparticles
PL  Photoluminescence
SEM  Scanning electron microscopy
TEM  Transmission electron microscopy
UVDRS  Ultraviolet visible diffuse reflectance 

spectroscopy
XRD  X-ray diffraction

1 Introduction

Nanotechnology is the most widely studied research subject, 
owing to its numerous multifunctional applications in diverse 
fields [1–3]. As a result, modern nanotechnology significantly 
contributes to energy, healthcare products, nanomedicine, 
defense, bioremediation, and catalysis [4–11]. Numerous 
researchers have reported various techniques over time, but 
the report gains value if the method follows the principles of 
green chemistry [12–14]. Physical, chemical, and biological 
approaches are employed to synthesize multifunctional nano-
materials in a top-down and bottom-up approach [15–18]. The 
main concern is whether the stated approach is environmen-
tally benign or not. To address this, the researchers used a 
biological process that avoids using toxic chemicals and high 
energy [19–21]. Therefore, the biological method is success-
ful in grabbing the attention of researchers due to its features 
like being eco-friendly, quick, safe, and economical, and not 
consuming more energy [22, 23].

The environment and aquatic life are two of the most 
basic needs of all living beings on the planet, and the entire 
globe is working on projects to protect the environment 
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and keep it safe and alive through various means [24]. 
However, as humanity evolves through industrialization 
and civilization, they wreak havoc on the environment 
[25]. As a result, human society is currently attempting 
to reduce pollution caused by industrialization [26]. Dif-
ferent industries deposit their waste and byproducts into 
water bodies [27, 28], endangering aquatic and human life 
[29–31]. For example, phenol is a common byproduct of 
dyes, paints, pharmaceuticals, agrochemicals, and other 
industries [31]. The World Health Organization has set 
the permissible limit of phenol in drinking water at 1 g/L 
[32]. There are diverse ways to remove or degrade phenol 
from water sources, including flow injection, liquid chro-
matography, the Gibbs method, fluorescence, and chemical 
sensors. However, these methods have yet to be proven 
effective [33]. Countable publications have been published 
in the last decade on the degradation of phenol using syn-
thesized nanoparticles (NPs). This technology is appealing 
since it is quick, inexpensive, and safe and can be used 
for large amounts of water purification [4]. A literature 
survey reveals the synthesis of CuO NPs using reflux and 
precipitation methods for the degradation of phenol [31]. 
However, the other nanomaterial, also synthesized via dif-
ferent methods [34], was reported as a photocatalyst in the 
presence of sunlight and UV light [35–39].

The CuO NPs are p-type semiconductors having an aver-
age band gap of 1.2 eV. That is why they are effectively used 
as sensors, electronic devices, solar energy transformation, 
battery semiconductors, and field emissions [40–42]. Due to 
the fascinating applications of CuO NPs, far more research 
has been done on them. CuO NPs have recently grabbed 
the attention of researchers due to their effective catalytic 
and biological activity [43–47]. CuO NPs also have the fin-
est photocatalytic activity, and numerous researchers have 
reported organic pollutant degradation utilizing CuO NPs 
synthesized using various methods [48–51]. Plant extract is 
the most useful method for synthesizing NPs in the current 
scenario. Nevertheless, in the case of plant extract–mediated 
synthesis of NPs, the basic condition must be maintained by 
adding an organic or inorganic base  (NH3, NaOH, etc.) [52, 
53]. Our goal is to synthesize CuO NPs without adding an 
external base.

Furthermore, CuO NPs are applied in catalysts, super-
conductors, batteries, gas sensors, and other devices. For 
this reason, CuO NPs are remarkably effective in antimi-
crobial and anticancer treatments. Regularly occurring CuO 
NPs have been found in pharmaceutical, cosmetic, and 
semiconductor applications [40]. They can also be found 
in most ointments, where they act as antimicrobial agents 
against disease-affected cells. Compared to other types of 
NPs, CuO NPs are safe and have low toxicity toward liv-
ing cells [54]. As a result, they can be used to treat serious 
illnesses brought on by fungi, common bacteria, intestinal 

bacteria, and urine bacteria in the body [55]. Small CuO 
NPs made from plant material has a high potential for effec-
tiveness in anticancer, antioxidant, and antimicrobial appli-
cations due to their ability to interact adhesively with bacte-
rial or fungal cell surface through Van der Waals forces and 
electrostatic forces [41].

Herein, the present study report, for the first time, bio-
inspired synthesis of CuO NPs using human urine and cop-
per acetate as a precursor. In this study, we mainly focus on 
the one-step biogenic synthesis of CuO NPs using human 
urine, which is economical, quick, safe, and eco-friendly, 
and its mechanism of formation. Spectroscopic and micro-
scopic methods confirmed the synthesis of CuO NPs. Next, 
we have evaluated the benefits of biogenic synthesized CuO 
NPs for antimicrobial and catalytic activities.

2  Material and methods

2.1  Material

The morning urine of humans (male) was collected in a 1-L 
plastic clean and dry bottle. The analytical grade copper 
acetate was purchased from Sigma-Aldrich, India, and used 
without further purification.

2.2  Optimization of synthesis of CuO NPs using 
human urine

The colorimetric experiment was used to optimize the synthesis 
of CuO NPs. Briefly, 1 mL of human urine was put into five 
clean test tubes labeled 1 to 5. After adding the 1 M copper 
acetate solution to each test tube in various proportions rang-
ing from 1 to 5 mL, all test tubes were placed in a sonicator 
for 5 min. The resulting product was allowed to settle before 
being filtered through a Buchner funnel, and the filtrate was then 
used for colorimetric analysis. At 635 nm, the absorbance of the 
filtrate (unreacted copper acetate) was measured. The lowest 
absorbance was observed for 1 mL of human urine and 1 mL 
of 1 M copper acetate solution (Fig. 1). As a result, the lowest 
amount of human urine required to precipitate is 1 mL of 1 M 
copper acetate solution. Based on this optimization result, the 
preparation of CuO NPs was done.

2.3  Bio‑inspired synthesis of CuONPs

Human urine was selected as the surfactant to begin a novel 
synthesis of CuO NPs. The morning urine of a healthy 
person was collected in a dry and clean bottle and fil-
tered through Whatman filter paper no. 41 to remove the 
unwanted impurities and further use for preparing CuO NPs. 
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A 100-mL copper acetate solution having a concentration 
of 1M was prepared by dissolving 1.82g copper acetate in 
100 mL of double-distilled water in a volumetric flask and 
dropwise adding 100 mL of human urine taken in a 250-mL 
beaker via dropping funnel at room temperature. After suc-
cessfully adding copper acetate solution to human urine with 
constant stirring, a green color precipitate was obtained. 
Once the precipitation was completed, it was allowed to set-
tle down and washed three times with double-distilled water 
to remove the unreacted matter. Finally, the precipitate was 
filtered through a Buchner funnel and dried at 100 °C in an 
air oven. The dried precipitate was further calcinated in a 
muffle furnace at 400 °C for 2 h, resulting in brown-black-
colored CuO NPs.

2.4  Characterization

The synthesis of CuO NPs using human urine was con-
firmed by a UV-DRS spectrometer (JASCO V-770), and 
the band gap was obtained by plotting (αhʋ)2 against hʋ 
according to the Tauc equation. The bond formation and 
strength in Cu and O atoms were studied by FT-IR spec-
troscopy (FT/IR-4600type A). The photoluminescence 
activity was also evaluated using the photoluminescence 
spectrum (FP-8200). The surface area and porosity of 
synthesized CuO NPs were evaluated by an adsorp-
tion-desorption study (BET). In contrast, XRD, SEM 
(VEGA3 TESCAN), and EDX techniques confirmed the 
morphology and elemental composition. Additionally, 
TEM (PHILIPS CM200) was utilized further to affirm 
the particle size and topology of CuO NPs.

2.5  Photocatalytic activity of synthesized CuONPs

The photocatalytic efficiency of human urine–mediated CuO 
NPs was investigated by offering phenol degradation under 
sunlight. In the present experiment, 50 mL of aqueous solution 
(500 ppm) of phenol was taken in a 100-mL beaker with 15 mg 
of synthesized catalyst CuO NPs stirred on a magnetic stirrer 
in the presence of sunlight. The progress of the reaction was 
examined by recording the absorbance of the reaction mixture 
using a UV-visible spectrophotometer at wavelength 279 nm.

Equation (1) was used to compute the degradation 
efficiency,

C0 is the initial absorbance at t = 0, and Ct is the absorb-
ance value at a particular time interval.

2.6  Antimicrobial study of synthesized CuO NPs

A literature survey supports the antimicrobial efficiency of 
CuO NPs. Hence, human urine–mediated CuONPs were 
tested against different bacterial strains (Staphylococcus 
aureus, Bacillus subtilis, E. coli, and P. mirabilis) and fun-
gal strains (Candida albicans and Aspergillus niger) using 
the disc diffusion method [56], and the obtained result was 
compared with the standard streptomycin for bacteria and 
fluconazole for fungus.

3  Result and discussion

3.1  X‑ray diffraction analysis

The X-ray diffraction technique helps to find out the crystal 
structure and size of synthesized NPs, and the XRD spectrum 
of human urine–mediated synthesized as shown in Fig. 2. The 
clear peaks at 2θ are 31.72°, 35.40°, 37.89°, 48.88°, 53.34°, 
58.10°, 61.49°, 66.34°, 67.99°, 72.45°, and 74.88° assigned 
as (110), (−111), (111), (−202), (020), (202), (113), (311), 
(221), (311), and (−222) respectively. All peaks are highly 
consistent with the JCPDS card No. 01.080.0076 of CuO NPs 
of the monoclinic phase [57]. The grain size of synthesized 
CuO NPs was calculated using Scherrer’s formula (2).

where K is constant (0.9), λ is the wavelength of X-ray 
(1.54056 A°), β is the corrected full width of half maximum, 
and θ is Bragg’s angle [14]. The peak obtained in the XRD 
spectrum of human urine-synthesized CuO NPs was evalu-
ated with the help of the origin software. The average size 

(1)Efficiency (%) =
(

C0-Ct

)

∕C0 × 100

(2)D = Kλ∕βcosθ

Fig. 1  Optimization for the synthesis of CuO NPs using human urine
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of synthesized CuO NPs was calculated using Scherrer’s 
equation, which was found to be 6.77 nm.

3.2  Morphological and elemental analysis

The SEM technique investigated the morphology of human 
urine–mediated CuO NP synthesis. The SEM micrograph of 
synthesized CuO NPs is seen in Fig. 3. SEM validates the 
spherical morphology with unequal size. At the same time, 
the purity and elemental composition of CuO NPs were 
determined using the EDS technique, as shown in Fig. 4. 
Four distinct peaks were observed in the EDS graph, includ-
ing at 0.5 KeV, 1 KeV, 8 KeV, and 9 KeV, demonstrating the 
purity and production of CuO NPs from human urine.

Additionally, the TEM study has been conducted to examine 
the topology and particle size of CuO NPs further. According 
to the findings, CuO NPs had a pseudo-spherical shape due 
to the agglomeration and ranged in size from 5 to 60 nm, as 
shown in Fig. 5. The TEM result magnifies and clearly shows 
that the produced CuO had a nanoscale scale, which was previ-
ously determined through characterization using XRD profile.

3.3  Optical properties

The optical study of nanoparticles depends on the surface 
properties, where the absorption maxima are affected by 

the size and morphology of nanoparticles. The UV-DRS 
analysis of human urine–mediated CuO NPs shows a single 
intense peak at 296.76 nm, shown in Fig. 6, which confirms 
the formation of CuO NPs and is supported by the previous 
report [57]. The optical band gap of human urine–fabricated 
CuONPs was calculated using Tauc’s Eq. (3),

where α is the absorption coefficient, hν is the photon energy, 
while Eg represents the optical band gap of synthesized CuO 
NPs. The optical band gap of human urine–mediated CuONPs 
was found to be (Eg= 3.29 eV), shown in the inset of Fig. 6, 
and observed like a blue shift when compared with the previous 
report (Eg= 3.11 eV) [58]. The photoluminescence spectrum 
of synthesized nanoparticles is a function of their size and mor-
phology, as seen in the photoluminescence spectra of human 
urine–fabricated CuO NPs (Fig. 7). The spectrum exhibits a 
single orange emission peak located at 596.83 nm.

3.4  Adsorption‑desorption study

The surface analysis of the human urine–mediated synthesis 
of CuO NPs was done with the help of Brunauer-Emmett-
Teller (BET) analysis of a nitrogen atmosphere. The surface 
properties of synthesized CuO NPs, like specific surface 
area, pore size, and volume distribution, are shown in Fig. 8. 
The surface area of CuO NPs was found to be 3.05  m2/g, 

(3)αhν = (hν–Eg)n

Fig. 2  XRD pattern of human 
urine–mediated CuO NPs
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Fig. 3  SEM pictogram of the human urine-mediated CuO NPs

Fig. 4  EDX spectrum of the 
human urine-mediated CuO 
NPs
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whereas the average size and pore volume, were found to be 
92.64 and 0.062  cm3/g, respectively [59].

3.5  FT‑IR analysis

The FTIR spectra of the human urine and fabricated CuO 
NPs are displayed in Fig. 9a and b. In Fig. 9a, the broad 
peak that occurred at 3340  cm−1 is due to the stretching 
frequency of –OH, and the peak at 1635  cm−1 is associ-
ated with an N–H bond and is assigned to the biomolecules 

(urea, creatinine, and uric acid) present in the fuel (reduc-
ing agent). A metal-oxygen bond was examined using the 
FT-IR spectrum of CuO NPs (Fig.  9b). The functional 
group region was used to confirm the involvement and pres-
ence of biomolecules in the nanomaterial synthesis. The 
two significant peaks at 624  cm−1 and 560  cm−1 confirm 
the formation of the Cu–O bond in the FT-IR spectrum of 
human urine–mediated CuO NP synthesis (Fig. 9b). The 
peaks at different energies of 3448  cm−1 and 3341  cm−1 may 
be attributable to amine (–NH) and hydroxyl (–OH) group 

Fig. 5  TEM images of human 
urine-mediated CuO NPs

Fig. 6  UV-DRS spectrum and 
band gap of human urine–medi-
ated CuO NPs
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stretching. Finally, 1057  cm−1 confirms the presence of alk-
ene and C–O functional groups, respectively [60]. However, 
the weak band may be due to the absorption of atmospheric 
moisture by KBr during the pelletization of the CuO NPs, 
as KBr is more hygroscopic [61].

3.6  A plausible mechanism for bio‑inspired 
synthesis of CuO NPs

Figure 10 depicts the biomolecules (Fig. 11) found in human 
urine [62] to explain how the copper acetate can alter into 
CuO NPs. The proposed reaction mechanism demonstrates 
how active bio-molecules behave as stabilizing and reducing 
agents. However, urea has been selected as a sample mol-
ecule to suggest the mechanism. Because the polar sides of 
urea adhere to copper ions; copper and urea form a stable 
complex and result in the precipitate in the form of copper 

hydroxide in the basic condition of human urine. After cal-
cination, the complex decomposes and forms CuO NPs.

3.7  Photocatalytic activity

The photocatalytic property of a material is defined by its 
semiconducting nature; the UV-DRS spectra of human 
urine–mediated synthesized CuO NPs confirm the 3.29-
eV band gap, indicating that it is capable of photocatalytic 
phenol degradation. In this experiment, a 500-ppm phenol 
solution was prepared in water as a solvent and left in the 
dark for 2 h to achieve the adsorption-desorption equilib-
rium. After that, two sets of 50 mL of aqueous phenol solu-
tion in a 100-mL beaker with 30 mg CuO NPs were made, 
one set was maintained in the dark, and the other set was 
used for further investigation. Finally, the phenol solution 
containing the catalyst was stirred in sunlight on a magnetic 

Fig. 7  Photoluminescence spec-
trum of human urine–mediated 
CuO NPs
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stirrer, and absorbance was measured using a double-beam 
spectrophotometer at a regular time interval of 15 min at a 
wavelength of 279 nm. Figure 12a depicts a steady decrease 
in absorbance over time; Fig. 12b explains the percent 
removal effectiveness of produced CuO NPs in phenol solu-
tion; and Fig. 12c confirms the reaction’s first-order mecha-
nism. The current work was compared to earlier publications 
and discovered that human urine–mediated produced CuO 
NPs degraded 50 mL 500 ppm phenol solution with 30 mg 
catalyst in just 215 min under sunlight. By graphing percent 
degradation efficiency against time intervals, the percent 
removal efficiency was estimated to be 79.41% in 215 min.

The band gap and surface area also determined the photo-
catalytic efficiency of the synthesized material. The high surface 
area of CuO NPs is confirmed by the  N2 adsorption-desorption 
analysis, which supports the strong catalytic activity of CuO 
NPs in the degradation of phenol. In addition, a putative mecha-
nism for photocatalytic phenol degradation was demonstrated 
(Fig. 13). The synthesized CuO NPs behaved as semiconduc-
tors in the presence of sunlight, absorbing the solar radiation, 
resulting in the excitation of electrons from the valance band 
(VB) to the conduction band (CB), the formation of holes, and 
free electrons at VB and CB, which were responsible for the 
subsequent reaction. The holes and free electrons react with 
water and oxygen molecules and generate radicals. These radi-
cals combine with phenol and are converted into intermediates 
and further degrade into eco-friendly molecules like  CO2 and 
water, as shown in (Fig. 13).

In most cases, the photocatalyst was made using non-
eco-friendly physical and chemical methods, most of which 
were activated using UV light. Compared to the earlier work 
[31], the CuO NPs were synthesized using a novel, envi-
ronmentally friendly method involving human urine. The 
photocatalytic degradation of phenol was carried out in the 
presence of solar light rather than UV light. The maximum 
phenol concentration (500 ppm) was degraded in 215 min 
with 79.41% efficiency. As a result, human urine–medi-
ated synthesized CuO NPs are one of the most efficient and 
environmentally benign photocatalysts available. However, 

according to the literature, phenol degradation using biosyn-
thesized CuO NPs has yet to be reported.

3.8  Antimicrobial efficacy

In the present study, the antibacterial activity of human 
urine–mediated synthesized CuO NPs tested against gram-
positive and gram-negative bacterial strains is shown in 
Fig. 14. The zone of inhibition exhibited by synthesized 
CuO NPs at the same concentration of 1 mg/mL with repro-
ducibility against the bacterial pathogens (S. aureus, B. sub-
tilis, E. coli, P. mirabilis) is given in Table 1. Streptomycin 
is used as a control. The antibacterial activity of synthe-
sized CuO NPs was graphically compared with the standard 
streptomycin drug with error bars and shown to be well in 
Fig. 15. The MIC study was also done with the same bacte-
rial strain, and the result is shown in Table 1.

Furthermore, the synthesized CuO NPs also screen for 
antifungal activity against two fungal strains (C. albicans 
and A. niger) shown in Fig. 16. The zone of inhibition of 
human urine synthesized CuONPs and MIC study is shown 
in Table 2, where fluconazole was taken as a control. The 
activity was shown by synthesized CuO NPs graphically 
compared with standard and found to be effectively shown 
in Fig. 17. When compared to plant extract–mediated CuO 
NPs, human urine–derived CuO NPs had excellent antifun-
gal efficacy [63–65].

The proposed mechanism of antibacterial activity of 
human urine–mediated synthesized CuO NPs is shown in 
Fig. 13. The free radical generated after the excitation of 
electrons from VB to CB due to the absorption of solar 
energy reacts with the bacterial cell wall and inhibits the 
growth of the bacterial strain.

The microbial system’s inhibition mechanism has been 
explained in several directions.

 i. The CuO NPs dispersed and expanded on the sur-
face of microbes due to the attraction of electrostatic 
charges present amidst them.

Fig. 9  FT-IR spectra of a 
human urine and b synthesized 
CuO NPs
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 ii. The adhered CuO NPs disrupted the cell wall. It 
causes stretching of the cell membrane and acceler-
ates cell damage and death.

 iii. The  Cu2+ ions are freely liberated from CuO NPs. The 
DNA is damaged by reactive oxygen species such as 
hydrogen peroxide  (H2O2),  OH− radicals, and  O2

−2 
ions, preventing cell proliferation.

CuO NPs contained positively charged ions bonded to the 
negatively charged microbial surface, harming the cell [66]. 
The large surface area of the CuO in the nanoscale increases 
the toxicity of Cu atoms on microbial cells.

The  Cu+ ions liberating mechanism was,

CuO + H
2
O ↔ Cu2+ + 2 OH−

The reaction mechanism was,

The released  Cu2+ ions damage all the applied microorgan-
isms’ cell walls. These ions harm the cell wall. This process 
served as the impetus for the bacterial cell’s internal cytoplas-
mic contents to be released. Small-sized CuO NPs released 
 Cu2+ ions from their place of attachment. The adhesive nature 
of their contact with the bacterial cell surface produced by Van 
der Waals and electrostatic forces favored cell damage [66, 67]. 
These findings have been compared to earlier reports (Table 3).

CuO + hv → e− + h+

h+ + H2O → OH− + H+

e− + O2 → O−∗2

O−∗2 + OH+
→ HO∗

2

HO∗
2
+ H+

→ H2O2
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using human urine

NH

ON
H

N
H

O

H
N

O

H2N

O

NH2 N

NO
NH2

Uric acid Urea Creatinine



 Biomass Conversion and Biorefinery

1 3

Fig. 12  Photocatalytic activity 
of human urine-mediated CuO 
NPs; a plot of absorbance vs. 
time in minutes for the degrada-
tion of phenol under sunlight, 
b degradation efficiency (%) of 
phenol by CuO NPs, and c its 
first-order kinetics
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Fig. 13  A possible mechanism of photocatalytic degradation and antimicrobial activity of the human urine-mediated CuO NPs

Fig. 14  Bactericidal effect of 
human urine-mediated CuO 
NPs against gram-positive 
and gram-negative bacte-
rial strain, a Staphyllococcus 
aureus (NCIM2178), b Bacillus 
subtilis (NCIM2063), c E. coli 
(NCIM2065), d P. mirabilis 
(NCIM2388)
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4  Conclusion

This work describes a unique method for synthesizing 
CuO NPs from human urine. The XRD pattern analysis 
was used to examine the synthesis and purity of CuO NPs; 

the grain size was determined using Scherrer’s equation 
and found to be 6.77 nm. BET technique was used to 
investigate surface attributes such as surface area, pore 
size, and volume distribution, obtaining 3.05  m2/g, 92.64 
 cm3/g, and 0.062  cm3/g, respectively. SEM, TEM, and 

Table 1  Antibacterial activity 
of human urine-mediated 
synthesized CuO NPs

Entry Bacterial strain Zone of inhibition (mm) MIC (μg/mL)

CuO NPs Streptomycin CuO NPs Streptomycin

1 S. aureus (NCIM2178) 12.6 ± 1.15 21.6 500 3.9
2 B. subtilis (NCIM2063) 12.4 ± 0.15 26 500 3.9
3 E. coli (NCIM2065) 11.6 ± 0.15 31.2 500 3.9
4 P. mirabilis (NCIM2388) 13.8 ± 0.35 25 250 1.95

Fig. 15  Antibacterial activity; a 
zone of inhibition of synthe-
sized CuO NPs against different 
bacterial strains with an error 
bar, b comparison of the zone of 
inhibition of synthesized CuO 
NPs with standard antibiotics 
streptomycin

Fig. 16.  Antifungal activity of 
synthesized CuO NPs against 
different fungal strains a Can-
dida albicans (NCIM 3100) b 
Aspergillus niger (ATCC504)

Table 2  Antifungal 
performance of human urine-
mediated synthesized CuO NPs

Entry Fungal strain Zone of inhibition (mm) MIC (μg/mL)

CuO NPs Streptomycin CuO NPs Streptomycin

1 C. albicans (NCIM 3100) 14 ± 0.25 28 125 1.9
2 A. niger (ATCC504) 11.8 ± 0.35 30 125 1.9
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EDS techniques confirmed the pseudo-spherical mor-
phology and elemental composition. Finally, fully char-
acterized CuO NPs were applied for the remediation of 
phenol in aqueous media. The result was compared with 
the previous reports and was found to be excellent. The 
biological activities also scan for the synthesized CuO 
NPs against gram-positive and gram-negative bacterial 
strains, and the zone of inhibition suggests excellent anti-
bacterial properties compared with the previous report. 
Similarly, antifungal activity was found to be outstanding. 
So, considering the result, human urine–mediated synthe-
sized CuO NPs are the best choice as photocatalysts and 
antimicrobial agents.
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