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Abstract: This study developed a suitable method for the degradation of ethylene bis-dithiocarbamate pesticide mancozeb in wastewater 
and agricultural runoff using nanoceria as photocatalysts. The nanoceria or cerium oxide nanoparticles were synthesized using a simple 
coprecipitation method with cerium nitrate hexahydrate (Ce (NO3)3. 6H2O) and Potassium carbonate (K2CO3) as a precursor and 
precipitating agent respectively. The synthesized powder particle was further ascertained through characterization using Scanning 
Electron Microscopy SEM for surface morphology, Fourier Transform Infrared Spectroscopy FTIR for the determination of the functional 
groups, Powder X-ray diffraction PXRD for crystal structure, phase and crystallite size and Energy Dispersive X-ray Spectroscopy EDAX for 
elemental composition of the synthesized nanoceria. It was revealed that the nanoparticle was successfully synthesized with a crystallite 
size of 27 nm. Photocatalytic degradation of mancozeb pesticide using the synthesized NPs was determined in batches with optimization 
of certain parameters including; the initial concentration of pesticide, quantity of the photocatalyst, irradiation time, calcination 
temperature and UV index. Nanoceria was found to degrade more than 62% of the initial concentration of mancozeb in 2 hours. Nanoceria 
usually acts as an active sorbent in the destruction of pesticides in wastewater and as such, its application on the degradation of mancozeb 
is crucial and significant. This method can be suitable for agricultural runoff and synthetic chemical pesticides effluent with proper 
optimisation.  
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1. Introduction 

 
Pesticides are part of the major water pollutants or 

contaminants throughout the globe. Synthetic pesticides are 
playing a critical role in food production and global sustainability. 
These chemicals have a broad range of applications, including 
controlling weeds and insect infestations in agricultural fields, and 
managing pests and diseases-carrying organisms like mosquitoes, 
ticks, rats, and mice in both residential, commercial and public 
areas (Kim et al., 2016). However, because pesticides do not 
target a specific species, there are concerns about the potential 
environmental hazard associated with exposure, through 
different routes, such as the presence of pesticide residues in 
water and food (Kim, et al. 2016; Chang 2018; Vijgen et al. 2018). 
Moreover, studies have revealed that pesticide residues were 
found to be present in the blood and living system (Bonvoisin et 
al., 2020; Chang, 2018; El-Alfy et al., 2019; Nicolopoulou-Stamati 
& , Sotirios Maipas, Chrysanthi Kotampasi, 2016; Walker et al., 
2022; Zhao et al., 2020). 

Mancozeb MCZ pesticide is one of the most widely used 

fungicides to protect fruits, crops and vegetables (Bao et al., 
2022). The cost and effectiveness of this fungicide made it 
accessible to farmers all over the world. Studies have shown that 
mancozeb accounts for about 20% of the global fungicide market 
(Bao et al., 2022). In terms of its chemical composition, mancozeb 
is a combination of polymerized complexes of ethylene-bis-
dithiocarbamate with both Manganese and Zinc in a 1:1 ratio. 
When consumed, mancozeb is metabolized in the body and 
produces a primary urine metabolite called ethylene-bis-thiourea 
(ETU) in a ratio of approximately 1:2 (Mandić-Rajčević et al., 2020; 
Quds et al., 2022; Saraiva et al., 2021). Furthermore, mancozeb 
has been associated with various health hazards due to its 
continued widespread use among farmers and its chemical 
nature.  

In a research conducted by (Morales-Ovalles et al., 2018), 
examinations of tissue and cell structures of a particular organism 
revealed that there was a rise in cell death, inflammation in the 
nervous system, and loss of the protective coating around nerve 
cells (demyelination) as a result of the pesticide. These findings 
indicate that mancozeb caused harmful effects on cells 
responsible for producing hormones in the hypothalamus 
through induced cytotoxicity in a male mouse. Analysis of the 
tissue structure of mice exposed to MCZ by (Bao et al., 2022) 
indicated that there was harm done to the structure of their 
ovaries and that there was an increase in the process of cell death 
known as apoptosis. These findings suggest that MCZ can 
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interfere with the normal functioning of the mitochondrial 
respiratory chain, leading to a decoupling of oxidative 
phosphorylation and the production of oxidative stress, 
ultimately resulting in injury to the ovaries and cell death in mice 

As such, it is crucial to come up with means to deter this menace 
of water pollution by pesticides. Researchers and scientists took 
several measures throughout the globe to come up with suitable 
alternatives to pesticides, suitable, effective and cheap clean-up 
or treatment methods and awareness. Several conventional 
measures for wastewater treatment that include; physical and 
chemical methods have been in use with issues at one point or 
another. The realization and validation of particle size as one of 
the major factors that influence the physicochemical properties 
of a material (Keerthana et al. 2022; Singh et al. 2022), 
nanomaterials have recently gotten more attention from 
researchers and industries to harness their capabilities in today’s 
world. 

A semiconductor cerium oxide is getting the attention of 
scientists and researchers due to its unique nature, properties 
and abundance. Cerium oxide CeO2 nanoparticles are becoming 
significant in our societies and are in use at different levels of 
civilization. Studies have shown that CeO2 nanoparticles (NPs) 
have gained significant consideration from researchers in recent 
times due to their distinctive structure and attractive properties, 
making them a highly promising material for a variety of 
applications (Muduli and Ranjan 2022; Muthuvel et al. 2020). It 
possesses distinctive chemical and thermal stability, high 
conductivity, reliable oxygen storage capacity, the ability to 
absorb UV light, catalytic activity and a broad energy band gap of 
around 3.19 eV (Eka Putri et al., 2021). These nanoparticles can 
be utilized in various industrial products such as photocatalysts, 
sunscreens, polishing agents, and sensor applications, among 
others (Muduli and Ranjan 2022; Pradeepa and Nayaka 2022; 
Muthuvel et al. 2020). 

Cerium oxide (CeO2) is a type of semiconductor material that 
exhibits n-type conductivity. This material possesses unique 
characteristics, such as the ability to catalyze both metal oxidation 
and reduction reactions through electronic transitions between 
Ce3+ and Ce4+ (Kumaraguru et al., 2022). It also has high ionic 
mobility and the capability to store and release oxygen 
(Kumaraguru et al. 2022; Shetty et al. 2022; Muduli and Ranjan 
2022). Studies involving applications of cerium oxide 
nanoparticles are reported in recent literature which include; (Lin 
et al., 2021) for anti-oxidative and anti-reduction regarding ROS, 
(Mohamed, 2021) involving acute oral administration of the 
particle for suppressing lead acetate genotoxicity, (Samai & 
Bhattacharya, 2018) enhanced photocatalytic activity in 
wastewater treatment for dye degradation, (Pradeepa & Nayaka, 
2022) electrochemical investigation of pantoprazole, (Eka Putri et 
al., 2021) high anti-microbial activity, (Muthuvel et al., 2020) 
photocatalytic degradation of methyl orange dye and anti-
microbial activity, (Miri et al., 2021) for photocatalytic 
degradation of organic pollutants and (Kashyap et al., 2022) for 
effective removal of uranium from aqueous solution.  

Nanoceria or cerium oxide nanoparticle is a great sorbent or 

catalyst for the degradation and destruction of persistent 
environmental pollutants. Despite its wide range of applications, 
the particles' utilisation for different chemical pesticides in 
wastewater is still lagging. More focus is given to its 
photocatalytic activity in the degradation of dye and 
organophosphate pesticides, especially parathion. As such, in this 
study, we aim to explore the intrinsic capacity of nanoceria 
synthesized via the coprecipitation method for the degradation of 
a carbamate pesticide Mancozeb. 

 
2. Materials and Methods 

 
Chemicals   
The chemicals used were of analytical reagent grade and were 

used with no further purification. Cerium nitrate hexahydrate (Ce 
(NO3)3. 6H2O), Potassium carbonate (K2CO3), acetonitrile HPLC 
grade and ethanol were all purchased from Merk company 
(India), Mumbai. Dithiocarbamate pesticide/Mancozeb 75 % wp 
was obtained from the farmer’s market in Visakhapatnam, 
Andhra Pradesh state of India. Millipore water/Deionized water 
was used throughout the experiments. 

 
Synthesis of Cerium Oxide NPs 
Cerium oxide NPs were synthesized using a simple 

coprecipitation method as adopted from the work of 
(Farahmandjou et al., 2016) and reported in our previous work 
(Sani et al., 2023). Specifically, two separate solutions of 0.02 M 
cerium III nitrate and 0.03 M potassium carbonate were carefully 
prepared by dissolving 2.17 g and 1.036 g respectively in 2 
separate 250 ml volumetric flasks. 50 ml of cerium III nitrate was 
weighed in a conical flask and placed under a burette containing 
20 ml of potassium carbonate on a magnetic stirrer. Drops of 
potassium carbonate were added into the conical flask on the 
magnetic stirrer through the wall of the container with constant 
stirring. The pH of the system was maintained at 6 by adding 
millipore water into the solution. After constant stirring for 3 
hours, a white precipitate of cerium III carbonate was formed 
which was further dried in a hot air oven at 65 oC for 2 hours. The 
particles were later dried to room temperature and aged at 220 
oC for 2.5 hours which gives brownish particles of nanoceria. The 
particles were later calcinated at 600 oC in a muffle furnace for 3 
hours to obtain the pure cerium oxide nanoparticles. 

The whole procedure was repeated multiple times until the 
required quantity of the nanoparticles were obtained for further 
analysis. 

 
Characterization 
The structural characterization processes were conducted to 

ascertain the formation of cerium oxide nanoparticles through 
the above-mentioned method. Scanning Electron Microscopy 
SEM was employed for surface analysis/morphology analysis 
using SEM-EDAX Jeol 6390 LA/OXFORD XMXN with accelerating 
voltage of 0.5 to 30 kv, magnification of 300,000 times and 
tungsten filament. Elemental analysis was conducted by Energy 
Dispersive X-Ray Spectroscopy EDAX using the same facility with 
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an EDAX resolution of 136 eV and detector area of 30 mm2. 
The particles' crystal structure and crystallite size were 

determined by powder X-Ray Diffraction PXRD Brucker D8 
advance. The scan type and mode are coupled two theta/theta 
and continuous scan respectively. The scanning begins at 10.000o 
and ends at 79. 994o at an interval of 0.020o and a temperature of 
25 oC/room temperature. Fourier transform Infrared 
spectroscopy was employed for spectral analysis of the functional 
groups present. It was achieved using FTIR spectrophotometer 
Nicolet iS5O with IR source, DTGS KBr detector and KBr beam 
splitter. A total number of 32 sample scans were conducted at the 
collection length of 47.3 seconds with a resolution of 4.000. The 
FTIR range for the analysis was 500-4000 cm-1 wavenumber. 

 
Preparation of Different Concentrations of Pesticides 
Three standard concentrations of the mancozeb 75% wp were 

prepared by dissolving certain weights of the powder mancozeb 
in millipore water to produce 3 different concentrations of 100 
ppm, 50 ppm and 10 ppm. The standards were prepared by 
dissolving 25 mg, 12.5 mg and 2.5 mg of the 75% wp mancozeb 
for 100 ppm, 50 ppm and 10 ppm respectively into 250 ml 
volumetric flasks. Each prepared pesticide solution was 
immediately used for sample preparation and control.  

2.5 Degradation Experiments 
The photocatalytic degradation and removal of mancozeb 

pesticide from wastewater was carefully conducted from 13th 
December 2022 to 10th March 2023 at GITAM University, 
Visakhapatnam, Andhra Pradesh, India. For each batch of the 
experiment, temperature, UV index, Humidity and atmospheric 
pressure were noted and recorded to understand the suitable 
atmospheric conditions for better degradation. 

100 ml of each of the concentrations of the pesticides were 
exposed to 2 quantities of nanoceria 50 mg and 10 mg which were 
carefully mixed using a magnetic stirrer under dark conditions and 
a control setup with no nanoceria. Before exposure to natural 
solar irradiation, the samples were kept in the dark for 30 minutes 
to achieve adsorption-desorption equilibrium. Table 1 below 
shows the different compositions of the samples.    

 
Table 1. Sample composition 

Sample name Pesticide initial 
concentration 
(ppm) 

Quantity of 
nanoparticle 
Cerium oxide NPs 
(mg) 

MCE-1 100 50 
MCE-2 100 10 
MCE-3 50 50 
MCE-4 50 10 
MCE-5 10 50 
MCE-6 10 10 
 
After exposure to natural solar irradiation, a certain amount of 

the sample was withdrawn after every 30 minutes from each of 
the samples which were wrapped in foil paper to avoid light 
penetration for further analysis. Subsequently, the samples were 

collected/withdrawn for six consecutive rounds until 3 hours (0.5 
hour, 1 hour, 1.5 hours, 2 hours, 2.5 hours and 3 hours), wrapped 
in foil paper and kept in the dark after recording the pH at each 
point. Furthermore, all the samples were centrifuged at 3500 rpm 
for 10 minutes and the supernatant liquids were separately 
collected for further analysis. The settled nanoparticles were 
collected and washed thrice with millipore water and ethanol and 
used for other rounds of the degradation experiment. The same 
procedure was applied for the control with no photocatalyst. 

Shimadzu 1800 UV spectrophotometer was used to determine 
the absorbance and concentration of each of the samples and 
control. The absorbance was recorded at the range of 200-400 nm 
wavelength whereas the initial and final concentrations of the 
pesticide were determined at ƛmax wavelength of 240 nm. For 
each round of the concentration determination, a set of standards 
were carefully prepared using the serial dilution method to form 
a linear graph of the concentration and absorbance.   

Moreover, three optimization parameters considered for this 
research were; the initial concentration of the pesticide, the 
amount of the photocatalyst/nanoparticle, and irradiation time. 
However, the calcination temperature of the nanoceria and 
environmental conditions of each experimental period were 
considered. Moreover, the environmental/atmospheric 
conditions were not controlled but only recorded, and additional 
runs of the experiment were conducted whenever there was a 
reasonable change in the temperature and UV index (three scales 
of  UV index; 7 as high, 8, 9, and 10 as very high and 11, 12 as 
extreme). The reason for these choices is for feasibility in field 
application and other parameters may be difficult to control in the 
field. 

The degradation efficiency was determined using the following 
formula; 

 

% degradation/degradation efficiency = Co−Cf
Co

 x 100 (1) 

 
Where Co is the initial concentration of mancozeb pesticide and 

Cf is the final concentration of mancozeb pesticide.  
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3. Results and Discussion 
 
Synthesized nanoceria 
Cerium oxide nanoparticles were successfully synthesized using 

the above-mentioned method and the result of the synthesis is 
presented below. 

 

 
Figure 1. Synthesized nanoparticles at various points of synthesis 

 
Figure 1 captioned A, B, and C shows the different stages of the 

nanoceria synthesis with A showing the drying of the cerium 
carbonate at 65 oC to B showing the ageing of the product at 
220oC and C revealing the calcination at 600 oC to form the cerium 
oxide nanoparticles. The physical nature and colour of the 
synthesized NPs are in agreement with the findings of (Miri et al., 
2020) where a brownish-yellow powder particle is formed.   

 
Characterization 
Scanning Electron Microscopy SEM 
Scanning electron microscopy SEM which is a morphology 

analysis method was employed for the determination of the 
surface morphology of the NPs.  

 

 
Figure 2. Scanning electron microscopy showing the morphology 

of the particles 
 

From the images obtained from SEM Fig. 2, it can be observed 
that there exists some agglomeration at various points which may 
be due to various factors including temperature and solvents 
employed for washing the NPs. As revealed in C and D images with 
1 and 2 µm resolution images, the morphology of the particles is 
somehow spherical with clusters of thin plate shapes of irregular 
sizes which may be a result of the agglomeration and annihilation 
process. Similar findings for the spherical surface morphology was 
reported by (Farahmandjou et al., 2016) and the thin plate shapes 
of irregular sizes were revealed by the work of (Janos et al., 2014). 

Energy Dispersive X-Ray Spectroscopy EDAX 
The elemental composition of the synthesized NPs was 

determined by the SEM-EDAX facility where the peaks for cerium 
and oxygen are obtained on the spectrum.   

 

 
Figure 3. EDAX spectrum showing the elemental composition of 

the particles 
 

The EDAX spectrum in Fig. 3 above revealed the elemental 
composition of the NPs with peaks for cerium, oxygen, carbon and 
potassium which confirms the existence of the elements in the 
synthesized NPs. The weight of cerium was found to be 47.52 % 
and that of oxygen found to be 26.88 % 

3.2.3 Powder X-Ray Diffraction PXRD 
The crystal structure, phase and crystal size of the synthesized 

nanoceria were determined by PXRD analysis which involves 
analyzing the diffraction pattern of scattered X-rays by the planes 
of CeO2 NPs.     

 
Figure 4.  PXRD spectrum showing the crystallography and 

particle size under the diffraction peaks 
 

Figure 4 presents the XRD peaks of the annealed/calcinated NPs 
at various points. The peaks exhibited at 28.507 o, 33.032 o, 47.446 

o, 56.214 o, 58. 994 o, 69.327 o, 76.598 o and 79.54 o correspond to 
(111), (200), (220), (311), (222), (400), (311) and (420) planes of 
cubic fluorite structure of nanoceria. The planes and diffracted 
angles are in agreement with the results of JCPDS (Farahmandjou 
et al., 2016; Janoš et al., 2022; Keerthana et al., 2022). 
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The crystallite size was computed from the XRD data using the 
Debye- Scherrer equation, 

d = 0.9 ƛ
βcosƟ

 (2) 

 
where; d is the crystallite size 
 ƛ is the wavelength of Cu Kα radiation  
 β is the full-width at half maximum (FWHM) of the 

diffraction peak  
 Ɵ is the diffraction angle 
 
The crystallite size of the synthesized particle was found to be 

27nm.   
 
Fourier Transform Infrared Spectroscopy FTIR 
Fourier transform Infrared spectroscopy FTIR was employed for 

the identification of the functional groups present which involves 
the detection of vibration bands of organic and inorganic species.   

 
Figure 5. FTIR spectrum showing the functional groups present 

 
The peaks as presented in Fig. 5 spectrum revealed the 

functional groups present in the sample, reagents and solvents 
used for the synthesis. The broad peak at 3428.19 cm-1 may be 
attributed to the –OH stretching of water molecules used as a 
solvent for the synthesis process. The H-O-H bending vibration of 
water molecules may be responsible for the transmittance band 

at 1498.06 cm-1 which is somewhat similar to the band reported 
by (Raees et al., 2022). However, the transmittance band below 
500 cm-1 wavenumbers may be a result of the stretching vibration 
band of Ce-O (Janoš et al., 2022; Raees et al., 2022). However, in 
other studies, the vibration band of Ce-O was reported to be at 
exactly 500 cm-1 wavenumber (Farahmandjou et al., 2016). 

 
Photocatalytic Degradation of Mancozeb 
This experiment was conducted in batches under natural 

environmental conditions. For each sample setup, 3 different 
concentrations of the mancozeb pesticide were exposed to 2 
quantities of the photocatalyst.   

 

 
Figure 6. Photocatalytic degradation process 

 
Figure 6 A, B, and C above shows some of the stages of the 

degradation experiment ranging from A, exposure of the sample 
and control to natural solar irradiation to B, collection/withdrawal 
of 10 ml of the sample at the 30-minute interval for centrifuging 
and C showing sample and settled nanocatalyst after 
centrifugation.  

 
Uv Absorbance of The Samples at Different Time Intervals 
All the samples have shown a great decrease in absorbance over 

time with little variation between 2-3 hours. By Beer’s law which 
relates the concentration of a particular solution with light 
absorbance, the initial and final mancozeb residue and the 
reaction kinetics were determined.   
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Figure 7. UV Absorbance spectrum for MCE-1, MCE-2, MCE-3 and MCE-4 
 
From Figure 7, it can be observed that MCE-1 shows a sharp 

change in the absorbance of the solution which can be considered 
a strong indication of a decrease in the concentration of the 
pesticide. From the spectrum, it can also be observed that the 
control setup with no photocatalyst has the highest absorbance. 
Although, after 2 hours of the experiment, there was not much 
change in the UV absorbance with a few rounds showing a slight 
increase in the absorbance over time. 

A similar scenario as MCE-1 above was observed in MCE-3 with 
a slight increase in absorbance at 2.5 and 3.0 hours. Although, the 
decrease in the absorbance for MCE-3 is quite lower when 
compared with MCE-1. A similar amount of the catalyst was used 

for the samples.  
However, MCE-4 with 10 mg photocatalyst has shown the best 

decrease in absorbance after several runs under natural 
environmental conditions. In this sample setup, there was a slight 
difference between 2 and 3 hours with 2.5 hours having greater 
absorbance as compared to the former. In general, there was a 
great decrease in the absorbance regarding this setup after 
several runs. Moreover, a lower amount of the NPs has shown 
greater action against the pesticide residue in comparison with 
the standard which may be attributed to the high light 
penetration. 

Figure 8. UV Absorbance spectrum for MCE-5 and MCE-6 
 
Decreasing the concentration of mancozeb to 10 ppm shows yet 

another decrease in the absorbance with a similar pattern as 
compared to the setups with 50 mg photocatalyst as shown in Fig. 
8. A similar scenario that happens to all the samples with 10 mg 
photocatalyst occurs in MCE-6. The absorbance pattern at 2.0, 2.5 
and 3.0 hours of exposure to natural solar irradiation and 10 mg 
photocatalyst shows a close absorbance peak. This can be 
considered as an indication that the photocatalysis process may 
have reached a saturation level at between 2-3 hours of 

irradiation time. 
 
Determination of  the Concentrations and Degradation 
Efficiency 
The concentrations at time t of the MCZ residue were 

determined at a maximum wavelength absorbance of 240 nm 
ƛmax using Shimadzu UV spectroscopy which was computed from 
the UV absorbance spectrum. 



 

26 
 

Regular Issue Malaysian Journal of Science 

DOI: https//doi.org/10.22452/mjs.vol43no4.3 
Malaysian Journal of Science 43(4): 20-30 (December 2024) 

 
Figure 9. Initial and final concentration and percentage 

degradation of MCE-1 and MCE-2 over time 
 

Concerning the first 2 sample setups; MCE-1 and MCE-2 
containing 100 ppm mancozeb pesticide and 2 quantities of 50 mg 
and 10 mg NPs respectively, the initial and final concentrations 
were determined including that of control at different time 
intervals. From Fig. 9, it was observed that the initial 
concentration of each of the samples continued to decrease with 
an increase in the irradiation time. However, after 2 hours of 
exposure, no significant change was observed for the samples 
signifying that the process may have slowed down. For MCE-1, the 
initial concentration decreased by 36% at 0.5 hours exposure time 
to about 39.0% after an hour and stabilized at 38.3% degradation 
at 2 hours and above. However, there was a lower degradation or 
percentage degradation in regards to MCE-2 with 10 mg NPs 
quantity where only 31.5% degradation was observed at 0.5 hour 
irradiation time with a gradual increase in the degradation to 
about 32.4%. A similar scenario occurs here where the decrease 
in the concentration was slow after 2 hours. The activation of the 
photocatalytic reaction or process begins only when the surface 
of the photocatalyst is exposed to illumination. Consequently, the 
reaction zone, which corresponds to the top layer of the solution 
experiencing the highest intensity, becomes the most active area 
for pollutant degradation. However, when the initial pesticide 
concentration is high, it tends to excessively adhere to the surface 
of nanocatalysts thereby obstructing the necessary light energy 
penetration on the surface (Sraw et al., 2022). Moreover, the 
initial degradation efficiency was revealed to show a faster rate 
which subsequently stabilized with time and resulted in a small 
change in the concentration after 0.5 hour of irradiation.  

 
Generally, for MCE-1 and MCE-2 samples setup, the percentage 

degradation was higher in the former which may be attributed to 
many factors including the quantity of the photocatalyst. When 
compared at each time interval, MCE-1 with 50 mg NPs was found 
to possess higher catalytic action than MCE-2 with 10 mg NPs. As 
can be observed in the figure, a 50 mg nanocatalyst was found to 
be more efficient towards the degradation of 100 ppm MCZ than 
a 10 mg nanocatalyst with the same MCZ concentration.  

 
Figure 10. Initial and final concentration and percentage 

degradation of MCE-3 and MCE-4 over time 
 

However, MCE-3 and MCE-4 samples setup were found to 
exhibit an entirely different pattern from MCE-1 and MCE-2. From 
Fig. 10, it can be observed that the initial 50 ppm concentration 
of the pesticide has shown more degradation in MCE-4 with 10 
mg NPs than in MCE-3 with 50 mg NPs. However, a similar pattern 
regarding exposure time applies to all. At 0.5 hour exposure time, 
only 27.9% was degraded which was further increased to about 
35% at 1.5 hours and stabilized at 30.3% at 3 hours and above. It 
is crucial to note the broad difference in the degradation between 
MCE-3 and MCE-4. About 46.5% degradation occurs at 0.5 hour 
exposure which is greater than the 2 hours and above for MCE-3. 
Additionally, the degradation continues like this for all the 
experiments with regards to MCE-4 with a mean percentage 
degradation of about 62.2% at 2 hours exposure time. 

MCE-4 with 10 mg NPs was found to possess a higher 
degradation capacity than the 50 mg in MCE-3. Therefore, the 
higher quantity of the NPs/photocatalyst may not be crucial at 
this concentration of 50 ppm mancozeb. It may also be inferred 
that lower concentrations like 50 ppm of this setup as compared 
to 100 ppm of the previous setup may have given more room for 
catalytic degradation.   

 
Figure 11. Initial and final concentration and percentage 

degradation of MCE-5 and MCE-6 over time 
 

MCE-5 and MCE-6 sample setups follow similar patterns to MCE-
3 and MCE-4. Although the degradation was found to be low after 
several runs as compared to the setup of the previous sample. The 
degradation pattern obtained may be used to infer that lower 
concentrations of MCZ do not require a higher quantity of the 
NPs/photocatalysts. Although, at 0.5 and 1-hour exposure, the 
degradation efficiency was higher for MCE-5 than MCE-6, after 1 
hour the efficiency of the MCE-6 was higher with about 28.6% 
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degradation as can be observed in Fig 11. 
The above table shows the percentage degradation between the 

2 samples at various time intervals. MCE-6 with 10 ppm mancozeb 
pesticide and 10 mg NPs/photocatalyst was found to possess a 
lower initial degradation capacity as compared to MCE-5. 
However, from 1.5 hours, the degradation efficiency was higher 
for MCE-6 than that MCE-5. 

Optimization  
(Ederer et al., 2019) revealed that pesticides like other organic 

pollutants can degrade on the surface of the nanoceria with a 
reaction mechanism similar to a hydrolysis reaction happening in 
the solvent/water. Additionally, (Janoš et al., 2022) reported that 
hydroxyls play an important role in the degradation of 
organophosphate pesticides in the presence of nanoceria. 
Therefore, the solvent involved in these processes also plays a 
crucial role in the activity. Nanoceria was revealed to be a reactive 
sorbent in the destruction of parathion methyl together with 
other organophosphate but, the process was found to be greatly 
affected by the solvent involved (Janos et al., 2014). In this study, 
our focus was on the field application of the particle where 
wastewater will be the solvent during the degradation process.      

Throughout the experiment, MCE-1 and MCE-2 were exposed to 

the same experimental condition with only the quantity of the 
NPs different. The same applied to MCE-3 and MCE-4, and MCE-5 
and MCE-6. The initial and final concentrations of the pesticide 
were determined at each level of the experiment after 
considering all the stated conditions. From the findings of this 
research, it was observed that the initial concentration of the 
pesticide, the exposure/irradiation time, the quantity of the 
nanoparticles/photocatalyst, calcination temperature, and 
atmospheric conditions that include temperature and UV index 
UVI play a significant role in the degradation process. Each of the 
aforementioned conditions was tested during the study. 

There was a little change in the absorbance in the dark before 
exposure to natural solar irradiation, possibly due to adsorptions 
and desorption equilibrium. Also, the reuse of the NPs was tested 
after 3 rounds with little change in its activity. The light sensitivity 
of nanoceria was also tested during the experiment when 
comparing the dark reaction before exposure to solar irradiation 
and the light reaction after exposure. The photocatalytic activity 
of nanoceria was reported by multiple researchers (Janoš et al. 
2022; Keerthana et al. 2022; El Desouky, Saadeldin, and El Zawawi 
2022; Samai and Bhattacharya 2018; Muthuvel et al. 2020)   

 
Figure 12. Photocatalytic degradation rate for 3 different concentrations of 100 ppm, 50 ppm and 10 ppm with 50 mg and 10 mg of the 

photocatalyst 
 
Figure 12 revealed the degradation rate of the samples with all 

the setups showing very fast initial degradation activity followed 
by a subsequent slower activity to stabilization at a certain point. 
As shown in the degradation figures, the initial concentration of 
the pesticide may be said to affect the degradation process with 
100 ppm concentration showing more affinity to degradation with 
50 mg NPs while lower concentrations of 50 ppm and 10 ppm 
show a different trend with 10 mg NPs giving best results. As such, 
it may be inferred that with increasing the quantity of the NPs, 
only higher concentrations like 100ppm mancozeb show more 

degradation which may be due to adsorption as a result of more 
NPs with more surface area-to-volume ratio and/or 
photocatalysis due to high concentration of the pesticide. 
However, lower concentrations like 50 ppm and 10 ppm show a 
different trend with more degradation with 10 mg NPs. This may 
be a result of many factors including more room for light 
penetration and photocatalysis that involves the split of holes and 
electrons between the valance and conduction band which 
attacks the pesticide from different angles in the reaction. 

Throughout the experiment, the exposure time was found to be 
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an important factor where the more the exposure time the higher 
the degradation until 2 hours after which the process stabilized 
with few exceptions. Other studies with nanoceria have also 
revealed similar results regarding irradiation time (Keerthana et 
al. 2022; Samai and Bhattacharya 2018; Miri et al. 2021; Janos et 
al. 2014; Keerthana et al. 2021; Janoš et al. 2022). The calcination 
temperature was tested between the aged and calcinated 
products. It was observed that the calcinated product at 600 oC 
was found to be more active than the others which is in 
agreement with the findings of (Ederer et al., 2019; Janos et al., 
2014) with calcination or annealed temperature of between 500 
oC and 700 oC. For the atmospheric conditions, temperature and 
UV index considered were found to play an important role in the 
entire process. This was determined during the period of the 
experimentation. In the experiments conducted during the month 
of December when the temperature was moderate 26-28 oC in 
Visakhapatnam, Andhra Pradesh with a moderate to high UV 
index of 5-7, the rate of degradation was found to be low as 
compared to experiments in the month of February-march with a 
temperature of about 29-32 oC and very high UV index 8-10. As 
such, the degradation efficiency was higher with high UVI which 
may be a result of the UV portion light’s capability to initiate the 
process of photocatalysis using semiconductor nanoparticles. 

Overall, at optimal conditions considered for this research, 50 
ppm mancozeb concentration, 10mg quantity of the nanoceria, 2 
hours and a very high UV index of 8 to above, nanoceria was able 
to degrade about 62% of the pesticide under natural solar 
irradiation. However, with appropriate optimization and doping 
to reduce the band gap energy of the photocatalyst and improve 
light absorbance, more degradation may be achieved in a 
speculated time. The findings of this research are compatible with 
the photocatalysis of mancozeb nanoformulation using titanium 
oxide nanoparticles under natural solar irradiation reported by 
(Daqa et al., 2022). The sharp initial degradation rate followed by 
subsequent slow degradation rate over time was also reported.           
 
4. Conclusion 

The abundance of cerium as compared to other rare earth 
elements REE and lanthanides and the adsorptive reactivity of 
cerium oxide has made nanoceria to be significant particles for 
the destruction of contaminants like pesticides in wastewater and 
agricultural runoff. Nanoceria was successfully synthesized by a 
simple coprecipitation method which was further confirmed and 
ascertained by characterization through SEM, EDAX, XRD and 
FTIR. The XRD pattern has shown the crystallite shape and size of 
the synthesized to be cubic structure and 27 nm respectively. 
Although the SEM images were observed to contain 
agglomeration at various points, the clusters of thin plate shapes 
of the NPs were observed on the images. The FTIR analysis 
revealed a peak at around 500 cm-1 wavenumber for cerium oxide 
functional with other peaks depicting the –OH group in the water 
molecule and other solvents. EDAX spectra of the synthesized 
nanoceria have revealed the elemental composition of the 
particles with high purity. The photocatalytic degradation of the 
mancozeb pesticide was conducted using the synthesized 

nanoceria as a photocatalyst which was found to show great 
activity and efficiency towards the degradation of the mancozeb 
pesticide. It was observed that the degradation activity of 
nanoceria was affected by the initial concentration of the 
pesticide, quantity of photocatalyst, time, calcination 
temperature and UV index. Nanoceria usually acts as an active 
sorbent in the destruction of pesticides in wastewater. At optimal 
conditions considered during this study, nanoceria was found to 
degrade more than 62% of the initial concentration of the 
pesticide in 2 hours. Although, only the intrinsic capacity of the 
particle/nanoceria to act as a photocatalyst was considered with 
no doping or hole scavenger, the photocatalytic activity of the 
particle towards mancozeb pesticide is quite significant.   

Moreover, it is crucial to note that further studies need to focus 
more on optimizing the conditions necessary for the 
photocatalytic activity of nanoceria which include but are not 
limited to, anneal/calcination temperature, the intensity of UV or 
source of energy, initial concentration of the contaminant, and 
nature and amount of dopant for better photocatalysis.   
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