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       ABSTRACT

This study examined the synthesis of a viable catalyst for the degradation of metronidazole 
contained in aquaculture effluent. Zinc oxide nanoparticles (n-ZnO) were synthesized via the 
precipitation method and calcined at 500oC in a muffle furnace to enhance the degradability 
properties. The morphology showed a hexagonal structure with an average particle size of 
71.48 nm and the elemental composition showed a higher weight percent of 59.15% for 
zinc and 21.65% for oxygen. The FTIR confirms the vibrational characteristic mode of the 
Zn-O band at 427.21cm-1. The XRD showed a good crystallinity and the BET surface area 
was 8.58 m2.g-1 which showed that the n-ZnO possesses more active sites that can remove 
pollutants from wastewater. However, no studies have been done on the removal of MNZ in 
aquaculture effluent. The kinetics followed pseudo-second-order kinetics and the Langmuir-
Hinshelwood model best fit the degradation process with R2, Kc, and KLH values of 0.96781, 
1.486 × 10-1 mg. Lmin-1) and 8.790 × 10-2 (L.mg-1). Under the influential parameters, the 
percentage COD removal achieved for MNZ in aquaculture effluent was 62.6%, 89.8%, and 
98.5% of MNZ at 20% ultrasonic amplitude, 5 mL 2% H2O2 and 0.02g n-ZnO within 60 min 
sonication time for US only, US/n-ZnO and US/n-ZnO/H2O2 systems. Hence, MNZ contained 
in aquaculture effluent can best be degraded with the synergetic effect of the US/n-ZnO/ 
H2O2 system. 

INTRODUCTION

Pharmaceuticals and personal care products are evolving 
aquatic pollutants that are on the increase in the environment 
due to their active use (Calamari et al. 2003). The stored-up 
pharmaceuticals in the aquatic environment find their way via 
wastewater treatment plants, sewage sludge, pharmaceutical 
industries, and households (Petrie et al. 2015) as a result of 
extreme applications by humans (Felis et al. 2020).  Almost 
95% of pharmaceuticals are discharged from the body into 
the environment which has a toxic impact on the ecosystem 
(Habibi et al. 2018, Jury et al. 2010). Generally, antibiotics 
are used as feed condiments, growth promoters (Manyi-Loh 
et al. 2018), and therapeutics in the production of livestock 
and aquatic animals (Landers et al. 2012). 

Metronidazole (MNZ) is one of the antibiotics consumed 
for the treatment of infections. It belongs to the class of 
compound nitroimidazole, it is used to treat infections caused 
by bacteria and protozoa. It is active against Trichomonas 
vaginalis and Balantadium coli (Das & Dhua 2014).  The 
high solubility and stability of metronidazole in water have 

led to its availability in the environment, non-biodegra-
dability, and contribution to environmental pollution as a 
result of its excessive use (Yang et al. 2019). The buildup 
of metronidazole in the body is capable of leading to cancer 
and mutations which invariably promotes toxic substances 
in the body system and when metabolism takes place, the 
environment becomes toxic (Cunningham 2004). Table 1 
shows the properties of metronidazole.

The solubility of MNZ has made it difficult to be removed 
it from the aquatic environment via conventional treatment 
and activated carbon (Forouzesh et al. 2018). Advanced oxi-
dation processes (AOPs) are innovative technologically in the 
treatment of wastewater through the generation of hydroxyl 
radicals that are capable of removing organic contaminants. 
AOPs have been integrated using ozonation, photocatalysis 
(Balarak et al. 2019), sono-Fenton, and electrochemical ox-
idation in the removal of MNZ in the aquatic environment.  

Ultrasound is one of the advanced oxidation processes 
(AOPs) and is a technique that employs the generation of 
hydroxyl radicals that attacks the pollutants and mineralize to 
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CO2 and H2O. Hydroxyl radicals (OH⁕) are powerful oxidants 
that do not produce secondary pollutants. Acoustic cavitation 
is the mechanism that ultrasound operates on; it involves 
the production of cavitation bubbles through sound energy 
at increased temperature and pressure which leads to the 
invention of active chemical oxidants (Ayanda et al. 2021).

Among all metal oxide catalysts, ZnO nanoparticles have 
proven to be as good catalysts due to their photocatalytic 
capacity, non-toxic nature, antimicrobial properties, the 
enlarged band gap of 3.37 eV, increased binding energy of 
60 meV, easy synthesis, piezo and pyro-electric properties 
(Bian et al. 2017) have increased its wider applications. 
Different methods have been explored in the synthesis of 
zinc oxide nanoparticles, methods such as ultrasound, hy-
drothermal, green synthesis, electrochemical, precipitation, 
microwave, sol-gel, and chemical vapor deposition (Aremu 
et al. 2021). Studies have shown that there are fewer reports 
on the removal of metronidazole in aquaculture effluent 
using ultrasound, ultrasound/ H2O2, ultrasound/ZnO, and 
ultrasound/ZnO/ H2O2 systems. 

Hence, the objective of this research is to synthesize a 
non-toxic ZnO nanoparticle calcined at 500oC, characterize, 
and optimize the influential parameters on the degradation 
of metronidazole contained in aquaculture effluent via so-
nocatalytic process, and study the kinetics and mechanism

MATERIALS AND METHODS

Chemicals and Reagents

Metronidazole (MNZ) of 97% purity, ZnCl2, NaOH, and 
H2O2 were purchased from Sigma Aldrich, USA. A 50 mg.L-1 

of MNZ solution was prepared for the stock solution. Various 
working solutions were prepared from the stock solution. A 
pH meter (PHS-3C) was used to regulate the MNZ solution 
contained in the wastewater by adding 0.05M HCl or 0.05M 
NaOH solutions.

Synthesis of n-ZnO

A 20 g of ZnCl2 was weighed into 100 mL of de-ionized 
water in a 250 mL beaker. It was continuously stirred at a 
temperature of 90oC for 20 min with a magnetic stirrer. 50 
mL of the ZnCl2 solution was added to 0.6 M NaOH solution. 
The resultant mixture was filtered with a Whatman filter 
paper and washed thrice with deionized water to obtain the 
ZnO nanoparticles. The filtered sample was oven dried for 
24 h at 75oC, calcined for 2 h in a muffle furnace at 500oC, 
and crushed to obtain fine ZnO nanoparticles. 

Characterization of n-ZnO 

The morphology of the ZnO nanoparticles was examined 
using a scanning electron microscope (SEM; Phenon type 
Model: Pro X) and transmission electron microscope (TEM; 
Tecnai G2 20) at 100 nm. The elemental composition of the 
n-ZnO was quantitatively determined by electron disper-
sive spectroscopy (EDS), the crystallinity was investigated 
with X-ray diffraction (Siemens D8 Advance Bruker XRD) 
with CuK∞ radiation, the functional group was investigat-
ed with Fourier Transform Infrared Spectroscopy (FTIR; 
Perkin Elmer Spectrum Two TM Spectrometer) and the 
Brunauer Emmett and Teller (BET) surface area was in-
vestigated by a Tristar 3000 analyzer with N2 adsorption  
at -196oC.

Table 1: Properties of Metronidazole.

Structure

Physical State Crystalline solid powder  

Molecular formulae C6H9N3O3

Class Nitroimidazole

Molecular weight   171.15 g.mol-1

Boiling point 405.4oC

Melting point 158-160oC

Synonyms Flagyl

Color White to pale yellow

Solubility 1g in 100 mL of water @ 20oC

Stability Stable in air                                        
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Removal of MNZ

The removal of MNZ was investigated with ultrasound 
(US), US/n-ZnO, and a combined US/n-ZnO/H2O2 system. 
respectively. At the end of the removal process, samples were 
taken and analyzed with a UV-visible spectrophotometer at 
a wavelength of 320 nm.

Ultrasound

Influence of ultrasonic amplitude and sonication time on 
the removal of MNZ: Using different ultrasonic amplitudes 
(20-100%) and an ultrasonic frequency of 20 kHz, 50 mL of 
a 50 mg.L-1 MNZ aqueous solution was processed in a 200 
mL reactor for 20 to 60 minutes.

Influence of H2O2 concentration and sonication time on 
the removal of MNZ: 5 mL of 1%, 2%, and 4% of H2O2 
were added in a 50 mL MNZ solution at varying sonication 
times (20-60 min), 60 % ultrasonic amplitude, and a fre-
quency of 20 kHz. 

Influence of initial concentration of MNZ and sonication 
time on the removal of MNZ: The influence of varying 
concentrations (3.125 mg.L-1-50 mg.L-1) was examined at 
sonication times (20-60 min), 60 % ultrasonic amplitude, 
and a frequency of 20 kHz. 

Influence of pH and sonication time on the removal of 
MNZ: The influence of varying pH (2-10) was examined 
at sonication times (20-60 min), 60% amplitude, and a fre-
quency of 20 kHz. 

Ultrasound/n-ZnO

Influence of ultrasonic amplitude and sonication time on 
the removal of MNZ: A 0.02 g of n-ZnO was added to 50 
mL of 50 mg.L-1 MNZ aqueous solution, sonicated at varying 
sonication times (20-60 min) and a frequency of 20 kHz. 

Influence of nanodosage and sonication time on the re-
moval of MNZ: 50 mL of 50 mg.L-1 MNZ aqueous solution 
with the addition of 0.02–0.10 g of ZnO nanoparticles in a 
200 mL reactor at an ultrasonic amplitude of 60% and ultra-
sonic frequency of 20 kHz within 20-60 mins. 

Influence of initial concentration and sonication time 
on the removal of MNZ: A 0.06 g of n-ZnO was added to 
each of the varying concentrations of 50 mL of 50 mg.L-1 
MNZ aqueous solution at varying sonication times (20-60 
min), 60% ultrasonic amplitude, and a frequency of 20 kHz. 

Influence of pH and sonication time on the removal of 
MNZ: A 0.06 g of n-ZnO was added to each of the varying 
pH of 50 mL of 50 mg.L-1 MNZ aqueous solution, sonicated 
at varying sonication times (20-60 min), 60% ultrasonic 
amplitude and a frequency of 20 kHz. 

Influence of H2O2 concentration and sonication time on 
the removal of MNZ: A 0.06 g of n-ZnO was added to each 
of the varying H2O2 concentrations of 50 mL of 50 mg.L-1 
MNZ aqueous solution at varying sonication times (20-60 
min), 60% ultrasonic amplitude, and a frequency of 20 kHz. 

Ultrasound/n-ZnO/H2O2

Influence of ultrasonic amplitude and sonication time on 
the removal of MNZ: A 0.06 g of n-ZnO and 5 mL of 1% 
H2O2  were added to each of the varying amplitudes of 50 
mL of 50 mg/L MNZ aqueous solution, sonicated at varying 
sonication times (20-60 min) and a frequency of 20 kHz. 

Influence of nanodosage and sonication time on the re-
moval of MNZ: 5 mL of 1% H2O2 and each of 0.02-1.0 g 
of n-ZnO were added to 50 mL of 50 mg.L-1 MNZ aqueous 
solution, sonicated at varying sonication time (20-60 min), 
40% ultrasonic amplitude, and a frequency of 20 kHz. 

Influence of initial concentration of MNZ and sonication 
time on the removal of MNZ: A 0.08 g of n-ZnO and 5 
mL of 1% H2O2 were added to 50 mL of each of the varying 
concentrations, sonicated at varying sonication times (20-60 
min), 40% ultrasonic amplitude, and a frequency of 20 kHz. 

Influence of pH and sonication time on the removal of 
MNZ: A 0.08 g of n-ZnO and 5 mL of 1% H2O2 were added 
to 50mL of 50 mg.L-1 MNZ aqueous solution, sonicated at 
varying sonication times (20-60 min), 40% ultrasonic am-
plitude and a frequency of 20 kHz. The percentage removal 
of MNZ was calculated using Eq. (1)

% Degradation

  

% Degradation= (𝑀𝑀𝑀𝑀𝑀𝑀)0−(𝑀𝑀𝑀𝑀𝑀𝑀)𝑒𝑒
(𝑀𝑀𝑀𝑀𝑀𝑀)0

× 100       …(1) 

                                           

Where MNZ0 and MNZe are the initial and final concentrations of MNZ respectively. 

Application of influential parameters to aquaculture effluent: The influential parameters such 

as the dosage of ZnO nanoparticles, sonication time, ultrasonic amplitude, H2O2 concentration, and 

ultrasonic frequency were introduced to aquaculture effluent. A 50 mL of the aquaculture effluent 

was spiked with MNZ. 

RESULTS AND DISCUSSION 

Characterization 

The SEM and TEM analyses of the calcined (500oC) ZnO nanoparticles formed from 0.6 M NaOH 

at 20.0 kx magnification, scaled at 2 µm, and shot at 100 nm are presented in Figs. 1a and 2a 

respectively. It was observed that more prominent pores with multiple hexagonal structures in 

mass were depicted (Mallika et al. 2015). The EDS spectrum of the synthesized n-ZnO calcined 

at 5000C formed in 0.6 M NaOH are in proportion 17.93±4.9wt% C, 21.65±7.2wt% O, 1.27±0.4 

wt% Cl, and 59.15±11.3wt% Zn is shown in Fig. 1b. The result showed that as the Cl decreases, 

the percentage of Zn increases which indicates that ZnO nanoparticles were synthesized. The 

presence of Cl was due to the precursor used during synthesis. The particle size distribution of 

ZnO nanoparticles was examined by subjecting the TEM micrographs to image J software to 

measure the diameter of particles and this is presented in Fig. 2b. The result showed that the 

average particle size was 71.48 nm. The plots of N2 adsorption-desorption isotherm and Barret-

Joyner-Halenda (BJH) pore size distribution of ZnO nanoparticles formed in 0.6 M NaOH, 

calcined at 5000C are presented in Fig.3a and 3b. The result shows that surface area, pore volume, 

and pore size were 8.5808 m2.g-1, 0.038 cm3.g-1, and 164.177 A0 (Kołodziejczak-Radzimska et al. 

2012). The hysteresis loop resembles type IV which is in line with the IUPAC classification (Ismail 

et al. 2018).  

The FTIR spectrum of ZnO nanoparticles calcined at 5000C indicates an absorption band at 467.21 

cm-1 which corresponds to the vibrational mode of the Zn-O bond (Zak et al. 2011) as shown in 

Fig 4. 

 …(1)

Where MNZ0 and MNZe are the initial and final concentra-
tions of MNZ respectively.

Application of influential parameters to aquaculture ef-
fluent: The influential parameters such as the dosage of ZnO 
nanoparticles, sonication time, ultrasonic amplitude, H2O2 
concentration, and ultrasonic frequency were introduced to 
aquaculture effluent. A 50 mL of the aquaculture effluent 
was spiked with MNZ.

RESULTS AND DISCUSSION

Characterization

The SEM and TEM analyses of the calcined (500oC) 
ZnO nanoparticles formed from 0.6 M NaOH at 20.0 kx 
magnification, scaled at 2 µm, and shot at 100 nm are pre-
sented in Figs. 1a and 2a respectively. It was observed that 
more prominent pores with multiple hexagonal structures 
in mass were depicted (Mallika et al. 2015). The EDS 
spectrum of the synthesized n-ZnO calcined at 500°C 
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formed in 0.6 M NaOH are in proportion 17.93±4.9wt% C, 
21.65±7.2wt% O, 1.27±0.4 wt% Cl, and 59.15±11.3wt% 
Zn is shown in Fig. 1b. The result showed that as the Cl 
decreases, the percentage of Zn increases which indicates 
that ZnO nanoparticles were synthesized. The presence 
of Cl was due to the precursor used during synthesis. 
The particle size distribution of ZnO nanoparticles was 
examined by subjecting the TEM micrographs to image J 
software to measure the diameter of particles and this is 
presented in Fig. 2b. The result showed that the average 
particle size was 71.48 nm. The plots of N2 adsorption-de-
sorption isotherm and Barret-Joyner-Halenda (BJH) pore 
size distribution of ZnO nanoparticles formed in 0.6 M 
NaOH, calcined at 5000C are presented in Fig.3a and 3b. 
The result shows that surface area, pore volume, and pore 
size were 8.5808 m2.g-1, 0.038 cm3.g-1, and 164.177 A0 

(Kołodziejczak-Radzimska et al. 2012). The hysteresis 
loop resembles type IV which is in line with the IUPAC 
classification (Ismail et al. 2018). 

The FTIR spectrum of ZnO nanoparticles calcined at 
5000C indicates an absorption band at 467.21 cm-1 which 
corresponds to the vibrational mode of the Zn-O bond (Zak 
et al. 2011) as shown in Fig 4.

The X-ray diffractograms shown in Fig. 5 depict the 
hexagonal nature of ZnO nanoparticles as a result of its 
complete crystallinity with the highest peak at (101) plane 
which corresponds to the report of Saif-Aldin et al. (2020). 
The average crystallite size was calculated using the De-bye 
Scherrer equation in Eq. 2

 D= Kλ / (β cosƟ ) …(2)

Where D is the crystallite size in nm, K is a constant 
(0.9), λ is the wavelength (1.54060 A0), Ɵ  is the Bragg’s 
angle and β is the Full Width at Half Maximum (FWHM). 
The average crystallite size of the annealed ZnO nanopar-
ticles at 5000C was 72.01 nm (Kayani et al. 2015) which 
corresponds to the particle size obtained from the TEM 
micrograph analysis.

 The X-ray diffractograms shown in Fig. 5 depict the hexagonal nature of ZnO nanoparticles as a 

result of its complete crystallinity with the highest peak at (101) plane which corresponds to the 

report of Saif-Aldin et al. (2020). The average crystallite size was calculated using the De-bye 

Scherrer equation in Eq. 2 

  D= Kλ / (β cosϴ )             …(2) 

Where D is the crystallite size in nm, K is a constant (0.9), λ is the wavelength (1.54060 A0), ϴ  is 

the Bragg’s angle and β is the Full Width at Half Maximum (FWHM). The average crystallite size 

of the annealed ZnO nanoparticles at 5000C was 72.01 nm (Kayani et al. 2015) which corresponds 

to the particle size obtained from the TEM micrograph analysis. 

 

 

Fig. 1 (a) and (b): SEM-EDS of the ZnO calcined at 5000C formed in 0.6M NaOH.  
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Fig. 2: TEM micrographs (a) and particle size distribution (b) of the calcined ZnO nanoparticles at 500°C.
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Removal of MNZ

Influence of ultrasonic amplitude and sonication time 
on the removal of MNZ: Fig. 6 showed that the maximum 
degradation of MNZ was achieved at 60% ultrasonic ampli-

tude with values 30.3%, 33.3%, 36.7%, 38.3%, and 41.2% 
within 20-60 min sonication time. It was observed that the 
degradation of MNZ increases as sonication time increases. 
From the data presented, ultrasound alone is not sufficient 
for MNZ degradation. A 60% ultrasonic amplitude was kept 
constant for further experiments.

Influence of H2O2 concentration and sonication time 
on MNZ degradation: The maximum removal of MNZ 
was achieved at a higher concentration of H2O2 (4%) with 
percentage degradation of 83.5%, 85.6%, 87.4%, 88.5%, 
and 89.8% within 20-60 min sonication time in Fig. 7. This 
implies that increase in H2O2 concentration is dependent on 
MNZ removal as more hydroxyl radicals were available to 
remove MNZ. 

Influence of initial concentration and sonication time 
on MNZ degradation: The result in Fig. 8 shows that as 
the concentration of MNZ reduces, the degradation rate in-

Fig. 2: TEM micrographs (a) and particle size distribution (b) of the calcined ZnO nanoparticles 

at 5000C 
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ultrasonic amplitude with percentage degradation of 58.8%, 61.1%, 62.2%, 64.1%, and 65.6%. 

This implies that better degradation of MNZ can be achieved at lower concentrations and this may 

be due to the flooding of more MNZ molecules in solution that is capable of reducing the reactive 

species in the ultrasonic reactor (Cordero et al. 2007). In the same vein, the kinetic studies follow 

a pseudo-second-order reaction which is shown in Fig. 9. 
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removal. 

Fig. 8: Influence of initial concentration and sonication time on MNZ degradation. 

 

Fig. 9: Plot of 1/ (MNZt) and sonication time for pseudo-second-order kinetic model. 

Influence of pH and sonication time on MNZ removal: The pH of a solution has an effect on 

the ionization of contaminants and the charges on the surface of adsorbents. The result in Fig. 10 

showed that the maximum removal was achieved at an acidic medium. This implies that the 

availability of more protons at higher pH to attack the pollutants will increase the degradation rate. 

The percentage removal achieved were 67.4%, 68.5%, 69.5%, 70.6% and 71.7% at pH 2 (Hemati 

Borji et al. 2010). 
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Fig. 10: Influence of pH and sonication time on MNZ degradation. 

creases. The maximum degradation of MNZ was achieved 
at 3.125 mg.L-1 within 20-60 min sonication time and 60% 
ultrasonic amplitude with percentage degradation of 58.8%, 
61.1%, 62.2%, 64.1%, and 65.6%. This implies that better 
degradation of MNZ can be achieved at lower concentrations 
and this may be due to the flooding of more MNZ molecules 
in solution that is capable of reducing the reactive species in 
the ultrasonic reactor (Cordero et al. 2007). In the same vein, 
the kinetic studies follow a pseudo-second-order reaction 
which is shown in Fig. 9.

Influence of pH and sonication time on MNZ removal: 
The pH of a solution has an effect on the ionization of con-
taminants and the charges on the surface of adsorbents. The 
result in Fig. 10 showed that the maximum removal was 
achieved at an acidic medium. This implies that the availa-
bility of more protons at higher pH to attack the pollutants 
will increase the degradation rate. The percentage removal 

achieved were 67.4%, 68.5%, 69.5%, 70.6% and 71.7% at 
pH 2 (Hemati Borji et al. 2010).

Ultrasound/n-ZnO

Influence of ultrasonic amplitude and sonication time 
on MNZ removal: A 0.02 g n-ZnO was added to 50 
mg.L-1 MNZ solution and sonicated within 20-60 min at 
varying ultrasonic amplitude (20-100%). Fig. 11 shows 
that the maximum removal was achieved at 60% ultrasonic 
amplitude. The percentage removal achieved was 42%, 
44.9%, 46.2%, 48%, and 50.9% which is higher than that 
of the US alone. This implies that more active sites were 
available from the catalyst to mineralize pollutants and 
also the OH radicals produced from ultrasound have led to 
a major increase in the removal process (Qiao et al. 2018). 
A 60% ultrasonic amplitude was kept constant for further  
experiments. 
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Fig. 9: Plot of 1/ (MNZt) and sonication time for pseudo-second-order 
kinetic model.



1881OPTIMIZATION OF INFLUENTIAL PARAMETERS FOR DEGRADATION OF METRONIDAZOLE 

Nature Environment and Pollution Technology • Vol. 21, No. 4, 2022

Influence of nanodosage and sonication time on MNZ 
removal: The result in Fig. 12 showed that a higher quantity 
of n-ZnO is not dependent on MNZ removal. The maximum 
MNZ removal achieved at 0.02g n-ZnO was 50.9% within 60 
min sonication time. It was observed that as the quantity of 
n-ZnO increases, the removal of MNZ decreases which may be 
a result of insufficient surface area due to the agglomeration na-
ture of n-ZnO (El Bouraie & Ibrahim 2020). Increasing n-ZnO 
in MNZ removal showed that the active sites are saturated and 
so there was no room for attacking pollutants. A 0.02g n-ZnO 
was kept constant for further experiments. 

Influence of initial concentration and sonication time on 
MNZ removal: The maximum percentage removal shown 
in Fig. 13 follows the trend 68.2%, 70.6%, 71.9%, 73.7% 
and 75.1% at 3.125 mg.L-1 within 20-60 min. Increasing the 
concentration of MNZ may lead to saturation of active sites 
of the adsorbent thereby reducing the degradation efficiency 

(Moussavi et al. 2013). The synergetic effect of US/n-ZnO is 
a viable technique for removing MNZ in an aqueous solution. 
In the same vein, the kinetic studies follow a pseudo-sec-
ond-order reaction which is shown in Fig. 14.

Influence of pH and sonication time on MNZ removal: 
The initial pH of MNZ was 9.2. The maximum removal of 
MNZ was achieved at pH 2 with a percentage degradation 
of 79.5% within 60 min in Fig. 15. The combination of the 
protons from the adsorbate and the active sites of n-ZnO has 
improved the degradation rate from 71.9-79.5% within 20-60 
min (El-Kemary et al. 2010). 

Influence of H2O2 concentration and sonication time on 
MNZ removal: The result in Fig. 16 showed that the maxi-
mum removal of MNZ achieved at 2% H2O2 was 94% within 
60 min. It was observed that the removal of MNZ increases 
with time. Increasing the concentration of H2O2 may disrupt 
the removal process. 

Influence of ultrasonic amplitude and sonication time on MNZ removal: A 0.02 g n-ZnO was 

added to 50 mg.L-1 MNZ solution and sonicated within 20-60 min at varying ultrasonic amplitude 

(20-100%). Fig. 11 shows that the maximum removal was achieved at 60% ultrasonic amplitude. 

The percentage removal achieved was 42%, 44.9%, 46.2%, 48%, and 50.9% which is higher than 

that of the US alone. This implies that more active sites were available from the catalyst to 

mineralize pollutants and also the OH radicals produced from ultrasound have led to a major 

increase in the removal process (Qiao et al. 2018). A 60% ultrasonic amplitude was kept constant 

for further experiments.  
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Fig. 13: Influence of initial concentration and sonication time on MNZ removal. 

 

Fig. 14: Plot of 1/ (MNZt) and sonication time for pseudo-second-order kinetic model. 
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Fig. 14: Plot of 1/ (MNZt) and sonication time for pseudo-second-order 
kinetic model.

attacking pollutants. A 0.02g n-ZnO was kept constant for further experiments. 
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US/n-ZnO/ H2O2

Influence of ultrasonic amplitude and sonication time on 
MNZ removal: A 5 mL of 2% H2O2, 0.02 g n-ZnO were add-
ed to 50 mg.L-1 MNZ solution within 20-60 min sonication 
time. The result in Fig. 17 showed that the removal of MNZ 
increases with time from 63.8%-69.3% within 60 min at 20% 
ultrasonic amplitude. Increasing ultrasonic amplitude led to 
a decrease in the removal rate. This implies that amplitude 
is not dependent on MNZ removal. The synergetic influence 
of US/n-ZnO/ H2O2 on the removal of MNZ yielded a better 
removal when compared to US/n-ZnO and US alone. A 20% 
amplitude was kept constant for further experiments.

Influence of nanodosage and sonication time on MNZ 
removal: A 0.02-0.1 g n-ZnO were investigated with US/n-
ZnO/ H2O2 system in 50 mg.L-1 MNZ solution with 5 mL 
2% H2O2 at 20% ultrasonic amplitude. The result in Fig. 18 
showed that the maximum removal of 69.3% was achieved 
at 0.02 g n-ZnO within 60 min. this implies that the removal 

of MNZ increases with time and increasing the amount of 
n-ZnO may lead to saturation of active sites of the adsorbent 
(Sharifpour et al. 2018). A 0.02 g n-ZnO was kept constant 
for further experiments.

Influence of pH and sonication time on MNZ removal: 
The result in Fig. 19 showed that the removal of MNZ favors 
the basic medium (pH10) as more OH radicals will be availa-
ble for the mineralization of MNZ (Malakootian et al. 2019). 
It was also observed that the removal of MNZ increases with 
time from 63.8-69.3% within 60 min sonication time. 

Influence of initial concentration and sonication time 
on MNZ removal: The result in Fig. 20 showed that the 
removal of MNZ increases with decreasing concentration of 
MNZ. The maximum removal of MNZ was achieved at 3.125 
mg.L-1 within 20-60 min. the percentage removal increases 
from 81.1%-88%. This implies that at lower concentrations 
of MNZ, excess OH radicals are available for the removal 
process (Ayanda et al. 2021).

Fig. 13: Influence of initial concentration and sonication time on MNZ removal. 
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Fig. 15: Influence of pH and sonication time on MNZ removal. 

observed that the removal of MNZ increases with time. Increasing the concentration of H2O2 may 

disrupt the removal process.  

 

Fig. 16: Influence of H2O2 concentration and sonication time on MNZ removal. 
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Influence of nanodosage and sonication time on MNZ removal: A 0.02-0.1 g n-ZnO were 

investigated with US/n-ZnO/ H2O2 system in 50 mg.L-1 MNZ solution with 5 mL 2% H2O2 at 20% 

ultrasonic amplitude. The result in Fig. 18 showed that the maximum removal of 69.3% was 

achieved at 0.02 g n-ZnO within 60 min. this implies that the removal of MNZ increases with time 

and increasing the amount of n-ZnO may lead to saturation of active sites of the adsorbent 

(Sharifpour et al. 2018). A 0.02 g n-ZnO was kept constant for further experiments. 
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Fig. 18: Influence of nanodosage and sonication time on MNZ removal. 
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From the experimental data above, the influence of initial 
concentration was subjected to a pseudo-second-order kinetic 
model presented in Eq. (3)
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From the experimental data above, the influence of initial concentration was subjected to a pseudo-
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Where Kobs is the rate constant (min-1), Kc is the surface 
rate of reaction constant (mg.Lmin -1) and KLH is the L-H 
adsorption equilibrium constant (L.mg-1). The plot of L-H 
kinetic and R2 values is shown in Fig. 22 with Kc and KLH 
values of 1.486 × 10-1 (mg.Lmin-1) and 8.790 × 10-2 (L.mg-1).

Proposed Reaction Mechanism for MNZ

US only

 H2O + )))) → OH* + H* …(5)
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Fig. 20: Influence of initial concentration and sonication time on MNZ 
removal. 

Influence of nanodosage and sonication time on MNZ removal: A 0.02-0.1 g n-ZnO were 

investigated with US/n-ZnO/ H2O2 system in 50 mg.L-1 MNZ solution with 5 mL 2% H2O2 at 20% 

ultrasonic amplitude. The result in Fig. 18 showed that the maximum removal of 69.3% was 

achieved at 0.02 g n-ZnO within 60 min. this implies that the removal of MNZ increases with time 

and increasing the amount of n-ZnO may lead to saturation of active sites of the adsorbent 

(Sharifpour et al. 2018). A 0.02 g n-ZnO was kept constant for further experiments. 

 

Fig. 18: Influence of nanodosage and sonication time on MNZ removal.  

Influence of pH and sonication time on MNZ removal: The result in Fig. 19 showed that the 

removal of MNZ favors the basic medium (pH10) as more OH radicals will be available for the 

mineralization of MNZ (Malakootian et al. 2019). It was also observed that the removal of MNZ 

increases with time from 63.8-69.3% within 60 min sonication time. 
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Fig. 19: Influence of pH and sonication time on MNZ removal. 
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Fig. 22: L-H kinetic plot of MNZ removal.
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US/H2O2

H2O2was decomposed to form reactive radicals in equations 
(8-10)

 H2O2+ )))) → OH* + OH* …(8)

 H2O2+ O2 + )))) → 2HO2 …(9)

 H2O2+ OH* → HO2
* + H2O …(10)

US/n-ZnO/H2O

 MNZ +.OH → (OH) MNZ. → CO2 + H2O …(11)

Degradation of MNZ Contained in Aquaculture 
Effluent

The experimental conditions such as 20% amplitude, 5 mL 
2% H2O2, 0.02g n-ZnO, and 60 min sonication time were 
applied for MNZ degradation in aquaculture effluent. The 
percentage of COD removal achieved for MNZ in aquacul-
ture effluent was 62.6%, 89.8%, and 98.5% for US only, 
US/n-ZnO and US/n-ZnO/H2O2 systems and is shown in 
Fig. 23. 

CONCLUSION AND RECOMMENDATIONS

In this study, a stable and effective metal oxide nanopar-
ticle with good antibacterial properties was synthesized 
and calcined at 500oC. The synthesized n-ZnO depicts a 
hexagonal structure with an average particle size of 71.48 
nm. At 500oC, an absorption peak for the Zn-O bond was 
observed at 467.21 cm-1, and a well-crystalline zincite was 
achieved with a surface area of 8.58 m2.g-1 which indicates 
that n-ZnO is a promising catalyst that is viable for removing 
antibiotics from wastewater. MNZ-formulated aquaculture 

Fig. 22: L-H kinetic plot of MNZ removal. 
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sonication time were applied for MNZ degradation in aquaculture effluent. The percentage of COD 
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Fig. 23: Degradation efficiency by COD removal of MNZ from aquacul-
ture effluent using US only, US/n-ZnO, and US/n-ZnO/ H2O2 systems. 

effluent was subjected to US only, Us/n-ZnO, and US/n-ZnO/
H2O2 systems. With the introduction of 0.02 g n-ZnO, 5 mL 
of 2% H2O2, 20% ultrasonic amplitude and 50 mg.L-1 MNZ 
aqueous solution, the percentage COD removal followed 
the trend 62.6%, 89.8% and 98.5% for US only, US/n-ZnO 
and US/n-ZnO/ H2O2 systems. The available active sites 
of n-ZnO and the hydroxyl radicals generated from H2O2 
and that of the sonicator have improved the degradation 
efficiency. Pseudo-second-order kinetic best fit the degra-
dation process of MNZ and the mechanism of degradation 
followed the Langmuir-Hinshelwood model. The discharge 
of metronidazole contained in aquaculture effluent can best 
be removed by subjecting the effluent to US/n-ZnO/H2O2 
system. Other advanced oxidation processes can be explored 
for further studies.
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