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 Abstract: The presence of emerging pollutants like pharmaceutical compounds in the 
environment is currently an issue of concern. Pharmaceutical compounds often escape 
conventional treatment systems and are persistent in the receiving environment; thus, the 
advanced oxidation processes could complement existing treatment methods to 
completely remove pharmaceuticals from contaminated water bodies. This work 
investigated the removal of metronidazole by ultra-violet light catalyzed by zinc oxide 
nanoparticles supported on acha waste. The synthesized zinc oxide nanoparticles, acha 
waste, and zinc oxide nanoparticles/acha waste composite were characterized by electron 
microscopy (SEM and TEM), Fourier transforms infrared spectrometry (FTIR) and X-
ray diffractometry (XRD). Experimental results revealed that the UV light combined with 
zinc oxide nanoparticles and/or acha waste was more effective for metronidazole removal 
in combination than UV alone. The degradation of the metronidazole by UV light only, 
UV/nano-ZnO, and UV/nano-ZnO/acha waste systems follow the pseudo-first-order 
kinetic model. The addition of a catalyst to the UV reactor enhanced the degradation of 
metronidazole (5 mg/L) from 41.0 up to 86.1%. The outcome of this research showed that 
UV light in the presence of nanometal oxides and composites is an efficient technique for 
the removal of pharmaceuticals from an aqueous solution. 
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■ INTRODUCTION 

Pharmaceutical industries are major sectors that 
contribute to an increase in the presence of toxic 
pollutants and hazardous chemicals in the environment 
[1-2]. Due to the high production of pharmaceuticals 
resulting from its growing demand, there is an increase in 
the generation of pharmaceutical wastewater (PWW). 
PWW, when not properly regulated and treated before 
disposal into the environment, can cause adverse effects 

on plants, animals, soil, groundwater resources, aquatic 
organisms, and humans present in the environment. 
The degree of toxicity depends on the type of 
pharmaceutical product involved. PWW contains a high 
amount of various organic pollutants, COD, BOD, and 
suspended solids with varying colors [3]. PWW can be 
formed through i) improper treatment of waste obtained 
from the production process of the pharmaceuticals, ii) 
hospital effluents because of the numerous 
pharmaceuticals used in the treatment of patients, iii) 
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human and animal excretions when treated with 
pharmaceutical products, and iv) unused drugs disposed 
into the environment. Metronidazole (MNZ), a common 
synthetic pharmaceutical antibiotic, is used in destroying 
or inhibiting the growth of bacteria caused by 
microorganisms such as Giardia lamblia, Trichomonas 
vaginalis, Entamoeba histolytica, and Clostridium difficile 
[4]. MNZ is used majorly in treating vagina infections, 
gastrointestinal infections, pelvic inflammatory disease, 
rosacea, and pneumonia [5]. The use of MNZ can cause 
certain side effects such as diarrhea, nausea, abdominal 
pain [5], vomiting, constipation, loss of appetite, and 
rashes [6]. Most times, these side effects occur when MNZ 
is taken alongside alcohol or food whose constituents can 
agitate the effects [7]. MNZ is usually administered orally 
through the mouth, intravenously by the use of injection 
into the vein and is also available for use in the form of 
cream [8]. Due to its non-biodegradability, MNZ can bio-
accumulate in the environment, survive in the aquatic 
environment for longer periods [9] and can therefore 
result in the presence of antibiotic resistant bacteria in the 
environment [10]. The chemical structure and some 
important properties of MNZ are presented in Table 1. 

Various conventional methods, which include the 
physical (sedimentation, coagulation, flocculation, and 
filtration), biological (use of microorganisms in 
degrading pollutants) and chemical (disinfection, 
neutralization, adsorption, ion exchange) methods, have 
been used in the removal of MNZ from wastewater. 
However, they are not efficient enough since PWW 

contains a high concentration of toxic, organic and 
hazardous pollutants. A more convenient, effective and 
efficient method for PWW treatment is the advanced 
oxidation processes (AOPs). AOP, a promising 
technique sometimes referred to as the tertiary 
treatment of wastewater, involves reactions of pollutants 
with hydroxyl radicals to remove organic and inorganic 
pollutants in wastewater [11]. 

The treatment of wastewater via photocatalysis 
allows the creation of electron-hole pairs by the catalyst, 
which leads to the generation of free radicals. The 
hydroxyl radical generated helps in converting toxicants 
pollutants present in the wastewater to non-dangerous 
and less harmful substances [12]; the organic pollutants 
present are converted into CO2 and H2O. Farzadkia et al. 
[13] studied the degradation of MNZ in an aqueous 
solution by nano-ZnO/UV photocatalytic process. In 
their study, the effects of some operational parameters 
such as pH, time, nano-dosage, and power of radiation 
on the degradation efficiency of MNZ wastewater using 
zinc oxide nanoparticles as a photocatalyst were 
investigated. Results showed that the removal of MNZ 
and chemical oxygen demand (COD) has a direct 
correlation with the power of the UV-A lamp and 
irradiation time. Also, in the experiment carried out, 
96.55% degradation was achieved. Fang et al. [14] 
researched the effective removal of MNZ from water by 
nanoscale zero-valent iron (nZVI) particles. In their 
study, it was reported that the removal of MNZ by nZVI 
followed  pseudo-first order kinetics,  and the removal is  

Table 1. Chemical structure and properties of metronidazole 
Chemical structure 

 
IUPAC name (2-methyl-5-nitroimidazole-1-ethanol) 
Molar mass 171.156 g/mol 
Melting point 159 to 163 °C 
Color yellow, white 
Solubility Soluble in water (10 mg/mL at 20 °C); ethanol (5 mg/mL); 

methanol, chloroform, and ether (< 0.5 mg/mL); DMSO 
(34 mg/mL at 25 °C); and dilute acids 

Synonym Flagyl 
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influenced by several factors such as nZVI dosage, initial 
MNZ concentration and initial solution pH. The authors 
reported that the MNZ solution at 80 mg/L was removed 
rapidly by nZVI in 5 min, at an initial solution of pH 5.60 
and catalyst dosage of 0.1 g/L. Farzadkia et al. [15] 
investigated the degradation of aqueous MNZ with 
illuminated TiO2-NPS at different catalyst dosages, time, 
pH, initial MNZ concentration, and light intensity. In 
their study, it was observed that maximum removal of 
MNZ occurs at near neutral pH, the rate of removal 
decreases by dosage increase, and increase in initial MNZ 
concentration. Moreover, the authors reported that the 
reaction rate constant (kobs) decreased from 0.0513 to 
0.0072 min−1, and the value of electrical energy per order 
(EEO) increased from 93.57 to 666.67 (kWh/m3) with an 
increasing initial MNZ concentration from 40 to 120 mg/L. 

Acha, commonly referred to as “fonio” is a species 
of the grass family and one of the ancient African crops 
[16]. It has other common names such as “hungry rice” 
(English), “fonyo” (Fulani), and “fini” (Bambara). Acha is 
mainly of two species, white fonio (Digitaria exilis) and 
black fonio (Digitaria iburua). Of the two species, the 
white fonio is commonly used and is grown particularly 
on the upland Plateau of Central Nigeria as well as its 
neighboring regions, with the black specie limited to the 
Jos-Bauchi Plateau of Nigeria [17]. The acha grains serve 
as a great source of food as they are used as rice, made into 
porridge and couscous, for bread and beer making 
process. Moreover, acha has great usefulness as a source 
of starch after it has undergone various processes, with 
acha chaff as waste resulting from acha processing. The 
use of acha waste in environmental remediation will 
provide a better means of utilizing the waste than 
disposing it into the environment, thereby reducing 
pollution, which can cause damage to the ecosystem. It 
also reduces cost when compared to the high cost of other 
chemicals used in wastewater treatment, and it helps in 
improving economic stability by use of other simpler 
methods in effecting a change in the environment. 

The objective of this study is to investigate the 
removal of MNZ from an aqueous solution using ultra-
violet (UV) light in the presence of catalysts (zinc oxide 
nanoparticles, acha waste (agricultural waste), and zinc 

oxide nanoparticles/acha waste composite). Operating 
parameters such as the effect of time, catalyst dosage, 
initial MNZ concentration and solution pH were 
considered in the course of the investigation. 

■ EXPERIMENTAL SECTION 

Materials 

Winnowed acha grains were collected from a local 
market in Jos, Plateau State. MNZ and sodium 
hydroxide pellets (98% pure) were purchased from 
Sigma Aldrich, whereas zinc chloride (97% pure) was 
purchased from Loba Chemie Pvt. Ltd., India. The stock 
solution of MNZ was prepared by dissolving a suitable 
amount of MNZ in 1 L of deionized water in a standard 
volumetric flask. Serial dilution of the stock was used to 
prepare the working solutions. 

Instrumentation 

The surface morphological study of zinc oxide 
nanoparticles and zinc oxide nanoparticles/acha waste 
composite was carried out using TESCAN MIRA3 and 
JSM-7600F SEM, respectively. The sample was observed 
at 7000–9000× magnification with an accelerating 
voltage of 15 Kv [19]. TEM analysis of the zinc oxide 
nanoparticles was by Tecnai G2 20, and the FTIR spectra 
of the nanoparticles and composite were obtained using 
Universal Attenuated Total Reflectance (UATR) 
Infrared spectrometer Perkin Elmer Spectrum 2 
recorded over 400–4000 cm−1 range. To capture the 
diffraction patterns of the samples, an X-ray 
diffractometer (D8 Advance, BRUCER AXS, Karlsruhe, 
Germany) operating at Bragg angle (2θ) in the range of 
(3–40 °C) with scan step (0.035°), step time (0.5 s), and 
generator settings (40 Kv, 40 mA) was used [20]. 

Procedure 

Extraction of acha starch and separation of chaff 
The winnowed acha grain was stepped into water 

for 6 h, after which the solution was discarded. The 
swollen grain was washed with water and blended using 
a domestic milling machine. The slurry (a mixture of 
starch and chaff) obtained was suspended in water (5 L) 
and was adjusted to pH 8 using NaOH (0.1 M). The 
starch slurry was sieved until the starch had been 
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separated from the chaff. Thereafter, the chaff (acha 
waste) was air-dried for 24 h and further dried in the oven 
for 48 h at 100 °C. 

Preparation of nano zinc oxide/acha waste composite 
The method by Ayanda et al. [18] was used in the 

synthesis of zinc oxide nanoparticles (Fig. 1) and to 
prepare the composite, 0.5 g of zinc oxide nanoparticles 
was mixed thoroughly with 5 g of the acha chaff before the 
material was air and oven dried at 100 °C. 

Photolysis 
During this experiment, photolytic treatment (ultra-

violet light only) of aqueous MNZ was observed under the 
effect of time, pH and concentration. For the effect of time 
on the degradation of MNZ, aqueous MNZ (20 mL) was 
placed in a beaker, and a UV lamp with a wavelength of 
254 nm was placed above the reactor containing the 
solution, 14 cm is the distance between the UV lamp and 
the aqueous MNZ. The time intervals investigated were 
10, 20, 30, 40, and 60 min. To investigate the effect of pH, 
varying pH range (2–10) was used. MNZ concentrations 
of 5, 2.5, 1.25, 0.625, and 0.3125 mg/L at pH 2 and time of 
60 min were utilized during the investigation of the effect 
of initial MNZ concentration. 

 
Fig 1. Flowchart for the synthesis of zinc oxide 
nanoparticles 

Photocatalysis 
Photocatalysis was also considered at a wavelength 

of 254 nm; moreover, the effect of time, catalyst dosage, 
pH, and concentration were examined. Zinc oxide 
nanoparticles and zinc oxide nanoparticles/acha waste 
composite were used as catalysts. For the effect of time, 
20 mL of aqueous MNZ containing catalyst (0.02 g) was 
placed in a beaker, and the UV lamp was placed above 
the reactor containing the solution. The time intervals 
investigated were between 10–60 min. The effect of the 
amount of catalyst dosage on the degradation of MNZ 
was achieved by placing 20 mL of aqueous MNZ in a 
beaker containing 0.02–0.1 g of the catalyst for 60 min. 
To investigate the effect of pH, the experiment was 
conducted by varying the pH from 2 to 10. Lastly, the 
effect of initial MNZ concentration on the 
photocatalytic degradation of MNZ was achieved using 
MNZ at concentrations of 5, 2.5, 1.25, 0.625, and 
0.3125 mg/L, the pH of the solution was kept at 2 and a 
contact time of 60 min. 

After the completion of each experiment, samples 
were taken (filtered in the case of photocatalysis) and 
analyzed using a BIOBASE BK-UV1900BC 
spectrophotometer at a wavelength of 320 nm [21]. The 
percentage degradation was calculated using Eq. (1). 

0 f

0

MNZ MNZ
% Degradation 100

MNZ


   (1) 

where MNZ0 and MNZf are the initial and final 
concentrations of MNZ (mg/L), respectively. 

■ RESULTS AND DISCUSSION 

The Results of FTIR and XRD 

The FTIR bands observed in the spectra of zinc 
oxide nanoparticles and zinc oxide nanoparticles/acha 
waste composite are presented in Table 2. The peaks 
observed at 469.11 and 460.84 cm−1 correspond to the 
Zn-O group [22]. A strong and broad band observed at 
3448.94 cm−1 corresponds to the O–H stretching mode 
of hydroxyl groups [23], and this indicates the 
contribution of water molecules. The FTIR band at 
2927 cm−1 could be assigned to aliphatic νCH2 symmetric 
frequency and may be due to the presence of ethanol in 
the acha waste.  The band at 1644.13 cm−1 may be due to  
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Table 2. Absorption bands of zinc oxide nanoparticles, acha waste and zinc oxide nanoparticles/acha waste composite 

S/N Zinc oxide 
nanoparticles (cm−1) 

Acha waste Zinc oxide nanoparticles/acha 
waste composite (cm−1) 

1 469.11 3448.94 3448.94 
2 460.84 2927.70 2927.70 
3  1644.13 1644.13 
4  1155.57 1155.57 
5  1080.35 1080.35 
6  1019.76 1019.76 
7  713.86 713.86 
8   469.11 

 
the double bonds (–C=C–), carbonyl bonds (–C=O) 
groups stretching vibration and may be related to the 
aromatic ring deformation associated with polyphenol 
compounds. The FTIR bands at 1155.57, 1080.35, and 
1019.76 cm−1 may be linked to sugar moiety attached to 
polyphenols; moreover, they may be related to the 
aromatic –OH group vibration and symmetry stretching 
of –C–C–. The band at 713.86 cm−1 may be related to 
aromatic ring vibration [24]. The presence of all the FTIR 
bands associated with zinc oxide nanoparticles and acha 
waste in the zinc oxide nanoparticles/acha waste 
composite indicated that the two precursors interacted. 

The XRD patterns provided having 2θ values with 
strong diffraction peaks appear at 10.9°, 15.2°, 24.3°, 37.8°, 
and 57.6° (Fig. 2(a)) and 10.8°, 27.9°, 22.2°, 33°, 37.8°, and 
57.6° (Fig. 2(b)). The XRD pattern indicated that the zinc 
oxide nanoparticles are crystalline, having a wurtzite 

crystalline structure with a hexagonal phase, and no 
characteristic diffraction peaks other than zinc oxide 
nanoparticles were observed [25]. The zinc oxide 
nanoparticles/acha waste composite tends to be 
amorphous after the addition of zinc oxide nanoparticles 
and acha waste, as depicted in Fig. 2(b). 

The SEM and TEM Results 

The SEM and TEM of zinc oxide nanoparticles in 
Fig. 3(a) and 3(b) showed that the zinc oxide 
nanoparticles are agglomerated, and there’s no complete 
separation between them. The TEM micrograph also 
confirmed the presence of multiple hexagonal structures 
in mass. This result may be due to weak physical force 
holding the particles together [26]. Fig. 3(c) shows that 
the composite material has an irregular, non-smooth 
surface with more large size pores [20]. 
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Fig 2. XRD patterns of zinc oxide nanoparticles (a) and zinc oxide nanoparticles/acha waste composite (b) 

 
Fig 3. SEM (a) and TEM (b) micrographs of zinc oxide nanoparticles, and SEM of zinc oxide nanoparticles/acha waste 
composite (c) 
 
Degradation of Aqueous Metronidazole 

Effect of time of exposure 
Fig. 4 shows the effect of time on the degradation of 

the MNZ solution. The figure indicated that the 

percentage degradation increases and improves with 
time. For the photolysis (UV only), the percentage 
degradation increases from 30.2 ± 0.2 to 64.0 ± 0.2%. The 
UV/nano-ZnO and  UV/nano-ZnO/acha  waste systems  
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Fig 4. Effect of contact time on the degradation of metronidazole using UV, UV/nano-ZnO and UV/nano-ZnO/acha 
waste systems 
 
resulted in 35.7 ± 0.3 to 74.7 ± 0.3% and 59.7 ± 0.2 to 86.1 
± 0.2%, respectively. The highest degradation efficiency 
with photocatalysis (UV/nano-ZnO and UV/nano-
ZnO/acha waste), when compared to UV light only, might 
be due to the synergistic effect between the UV light, zinc 
oxide nanoparticles and acha waste. The result obtained is 
similar to previous studies on the degradation of 
amoxicillin, ampicillin and cloxacillin antibiotics by 
Moradmand Jalali and Dezhampanah [27]. 

Effect of initial MNZ concentration 
The effect of initial MNZ concentration on the  

 

photolytic and photocatalytic degradation of MNZ 
solution is presented in Fig. 5. The figure showed that the 
percentage degradation of MNZ decreases as the initial 
concentration of MNZ increases from 0.3125 to 5.0 mg/L. 
For UV only, 3.47 ± 0.2% of MNZ was degraded at 
5.0 mg/L MNZ initial concentration, whereas an MNZ 
solution of 0.3125 mg/L resulted in 74.1 ± 0.2% 
degradation. The UV/nano-ZnO and UV/nano-
ZnO/acha waste systems resulted in 54.7 ± 0.1 – 81.4 ± 
0.1% and 73.9 ± 0.2 to 98.9 ± 0.2%, respectively, when the 
concentration of MNZ was varied from 5.0 to 0.3125 mg/L. 

 
Fig 5. Effect of initial concentration on the degradation of metronidazole using UV, UV/nano-ZnO and UV/nano-
ZnO/acha waste systems 
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The results obtained are similar to the work reported 
by Farzadkia et al. [15]. The authors reported that the 
photocatalytic degradation of MNZ with illuminated 
TiO2 nanoparticles decreased with increasing initial MNZ 
concentration. The reason for this observation was 
presumed to be i) the surface of the catalyst might be 
occupied by MNZ as the initial MNZ concentration 
increases, ii) more degradation intermediates can be 
accumulated on the catalyst surface, causing a negative 
effect in the utilization of hydroxyl radicals or positive 
holes in the valence band of the catalyst surface, and iii) 
inner filtration effect which causes a decrease of photon 
reaching the catalyst surface. 

Effect of solution pH 
Fig. 6 shows the effect of pH on the degradation of 

the MNZ solution. The percentage degradation of MNZ 
by UV light increases from 1.33 ± 0.1% in the basic 
medium to 76.27 ± 0.1% in the acidic medium. Therefore, 
the degradation of the MNZ solution could be said to be 
favored in the acidic medium over the basic medium. The 
point of zero charges (pHpzc) of zinc oxide nanoparticles 
was estimated at about 8.3–9.0 [28-29]. This implies that 
at pH values below the pHpzc, the surface of zinc oxide 
nanoparticles has a net positive charge, whereas, at pH 
greater than the pHpzc, the surface of zinc oxide 
nanoparticles has a net negative charge. Thus, at low pH 
value, the surfaces of zinc oxide nanoparticles were highly 

protonated and became positively charged so that the 
MNZ anion was electrostatically attracted towards the 
catalyst surface. 

Similarly, the same trends were observed for the 
UV/nano-ZnO and UV/nano-ZnO/acha waste systems. 
The percent degradation decreased from 70.9 ± 0.2 to 
10.9 ± 0.2% as the pH of the solution was increased from 
2 to 10 during UV/nano-ZnO degradation of 5 mg/L 
MNZ solution. The UV/nano-ZnO/acha waste MNZ 
treatment system resulted to a reduction in the percent 
degradation from 76.9 ± 0.2 to 18.4 ± 0.2% as the pH of 
the solution was increased from pH 2 to 10. Farzadkia et 
al. [15] obtained the highest degradation efficiency of 
MNZ at neutral pH (pH 7) with the lowest degradation 
at pH 11; moreover, the removal efficiency of MNZ by 
Asgharzadeh et al. [30] increased as the pH increased 
from 3 to 7; nevertheless, the efficiency decreased with 
further increase in pH value from 9 to 11. Thus, the 
trend observed in this study could be explained by the 
variation of charges on MNZ (pKa = 2.55) as well as on 
the surface of the catalyst at different solution pH. 

Effect of catalyst dosages 
Fig. 7 shows the effect of catalyst dosages (0.02–

0.1 g) on the photocatalytic degradation of MNZ at a pH 
of 2, observed for 60 min. The degradation efficiency 
decreased as the nano dosage increased from 0.02–0.1 g. 
The decrease in the degradation efficiencies of MNZ might 

 
Fig 6. Effect of pH on the degradation of metronidazole using UV, UV/nano-ZnO and UV/nano-ZnO/acha waste 
systems 
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Fig 7. Effect of catalyst dosages on the degradation of metronidazole using UV/nano-ZnO and UV/nano-ZnO/acha 
waste systems 
 
have resulted from increased blockage of the incident UV 
light with increasing catalyst dosages. Sheikhsamany et al. 
[31] and Farzadkia et al. [15] observed similar results. 

Kinetics of Degradation 

Applying the data of the effect of time of exposure, 
the degradation of MNZ solution by UV light only, 
UV/nano-ZnO, and UV/nano-ZnO/acha waste treatment 
systems follow the pseudo-first-order kinetics with 
respect to the concentration of MNZ in the solution (Eq. 
(2)). The integration of Eq. (2) gives Eq. (3). 

t

dMNZr kMNZ
d

   (2) 

o

t

MNZ
ln kt

MNZ
 

 
 

 (3) 

where, MNZo is the initial MNZ concentration of the 
solution in mg/L and MNZt is the concentration of MNZ 
at time t, the rate constant (k) was obtained from the 
slope of the plot of ln MNZ /MNZ  versus time (t). 

According to Fig. 8, the rate constant (k) and the 
R2 values for MNZ degradation are presented in Table 3. 
The high R2 values obtained for the three treatment 
methods are an indication that the degradation of MNZ 
conforms to the pseudo-first-order kinetic model. The 
rate constants showed that the UV treatment system is not  

 
Fig 8. The kinetic plot of the degradation of metronidazole in UV, UV/nano-ZnO and UV/nano-ZnO/acha waste 
systems 
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Table 3. Metronidazole degradation kinetic constants 
Treatment technique Kinetic constant (min−1) R2 
UV only 0.0144 0.9812 
UV/nano-ZnO 0.0194 0.9817 
UV/nano-ZnO/acha waste system 0.0220 0.9307 

Table 4. Comparison of the photocatalytic degradation of metronidazole 
Photocatalytic methods Efficiency (%) References 
UV/TiO2 99.5 [15] 
UV/TiO2 86.1 [32] 
UV/ZnO 60.3 [32] 
UV/Fe3O4/TiO2/biochar 80.0 [29] 
UV/nanoCoFe2O4@methycellulose 85.3 [33] 
UV/ Ag–ZnO/graphite 88.5 [34] 
Solar/ Ag–ZnO/graphite 97.3 [34] 
UV/TiO2–P25 + PbS 95.0 [35] 
UV 64.0 [35] 
UV/nano-ZnO 74.7 Present study 
UV/nano-ZnO/acha waste 86.1 Present study 

 
as effective as the treatment systems involving the 
catalysts. The UV treatment catalyzed with zinc oxide 
nanoparticles is 1.3 times faster in comparison to UV 
only, whereas the use of nano-ZnO/acha waste is 1.5 times 
faster. The fast reaction rate with nano-ZnO/acha waste 
highlights its excellent removal of the MNZ from aqueous 
solution, owing to a synergistic influence of UV, zinc 
oxide nanoparticles and acha waste. The removal 
efficiency of MNZ in the present study compared with 
other photocatalytic treatment methods is presented in 
Table 4. The table indicated that the photocatalytic 
degradation of MNZ by zinc oxide nanoparticles 
supported on acha waste shows satisfactory performance. 

■ CONCLUSION 

This study employs the use of UV light, a promising 
technique in the field of AOPs, to degrade MNZ using zinc 
oxide nanoparticles and nano-ZnO/acha waste composite 
as photocatalysts. The percentage degradation of MNZ 
obtained using UV light combined with nano-ZnO is 
approximately 2 times faster when compared to the use of 
UV light only, whereas, the introduction of the nano-ZnO/ 
acha waste composite also enhanced the photocatalytic 
ability, thereby allowing more degradation of MNZ 
wastewater to occur. Generally, experimental results have 

proven that the UV/nano-ZnO and UV/nano-ZnO/acha 
waste treatment systems had better performance for the 
degradation of MNZ wastewater than UV alone. 
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