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Abstract
The entry of gentamicin antibiotics into the aquatic environment has raised many concerns. Today, 

modern nanotechnology-based approaches have been employed to overcome such problems. The present 
study was conducted to investigate the efficiency of the UV/ZnO photocatalytic process in removing 
antibiotic gentamicin from aqueous solution. So we investigated the effects of parameters, including 
initial gentamicin concentrations (20, 60, and 100 mg/L), zinc oxide concentrations (0, 200, 350, and 
500 mg/L), contact times (10, 30, 60, and 120 min), pH (5, 6, and 7), and type of radiation (sun and 
UV-C). The sample size and the number of test procedures were determined to be 576, taking into 
account the levels of effective variables and through the full factorial. All experiments were carried 
out in a double-compartment reactor at laboratory temperature using a magnetic stirrer at 150 rpm.  
The change of gentamicin concentrations were measured using a DR5000 spectrophotometer. Data 
analysis and charting were done through Design Expert 8 and Excel 2010 software. Results showed that 
the maximum removal efficiency of gentamicin of about 93% was obtained under UV-C irradiation at 
pH of 5, contact time of 30 min, ZnO concentration of 200 mg/L, and initial gentamicin concentration of 
20 mg/L. In addition, the maximum removal efficiency of gentamicin (84.32%) under sunlight occurred 
at pH 6, contact time of 60 min, ZnO concentration of 200 mg/L, and initial gentamicin concentration of 
20 mg/L. The results demonstrated that the photocatalytic UV/ZnO process exposed to UV-C or natural 
sunlight could be an effective process for removing antibiotic gentamicin from the aqueous solution.
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Introduction

In recent years, the production of sewage and 
effluent containing pharmaceutical compounds and the 
entry of these compounds into the environment have 
been regarded as major environmental threats [1-2]. 
The pharmaceutical materials can be found in aquatic 
environments (underground and surface) through the 
discharge of sewage and waste water from treatment 
plants, agricultural runoff, direct emissions from 
manufacturing plants, improper disposal of drug waste 
from houses, veterinary clinics, and medical centers 
[3-4]. The amounts of these compounds may be low in 
aquatic environments, but their continuous entry due to 
cumulative effects can be considered a potential risk for 
aquatic ecosystems and existing microorganisms [5-6]. 
The presence of antibiotics in the environment can lead 
to the development of antibiotic-resistant pathogens that 
potentially threaten ecosystem performance and human 
health [7-8]. The annual consumption of antibiotics in the 
world is estimated to be between 100,000 and 300,000 
tons [9]. About 30% to 90% of them remain active after 
excretion due to lack of complete metabolism in the 
body so that active antibiotics are 3,000 tons per year 
in the best conditions and 180,000 tons per year in the 
worst conditions being introduced into the environment 
[10]. This is while the U.S. Environmental Protection 
Agency has set a standard of 1 mg/L for the presence 
of antibiotics in wastewater [11]. Aminoglycosides are 
antibiotics that are largely excreted without absorption 
from the body. These antibiotics belong to the family of 
aminated carbohydrates, whose major effect is to inhibit 
protein synthesis in bacteria [12]. Aminoglycosides are 
the most commonly used antibiotics for the treatment 
of life-threatening infections, such as drug-resistant 
Mycobacterium tuberculosis and aerobic gram-
negative bacteria like Pseudomonas aeruginosa. These 
compounds are also applied as synergistic agents along 
with other drug combinations in the treatment of diseases 
such as endocarditis [13-14]. 

Gentamicin is one of the most important 
aminoglycosides with the scientific name of gentamicin 
sulfate, the brands of Garamycin and Gemycin, molecular 
formula C21H43N5O7, and molecular weight of 477.596 
[15]. This antibiotic is a water-soluble combination used  
to treat chronic infections caused by gram-negative 
bacteria such as Pseudomonas due to inhibiting protein 
synthesis in bacteria by binding to the 30S subunit of 
ribosomes [12]. Various methods have been used to 
eliminate drug compounds from aqueous solutions, 
including membrane processes (reverse osmosis [16], 
adsorption on activated carbon [17], and advanced 
oxidation processes or AOPs), ozonation [18-19], 
electrocoagulation [20], Fenton and photo-Fenton [21], 
ultrasonic [22], peroxidation with UV [23-24], adsorption 
[25-26], solar degradation [27], and photocatalytic 
processes [28-29]. In general, a number of disadvantages 
have been mentioned in the field of membrane processes, 
such as high equipment costs, maintenance costs, high 

energy consumption for start-ups, and the efficiency 
of these processes, the limitation of mass transfer, 
limitation of removal of organic compounds, membrane 
vulnerability due to attack of oxidizing materials, 
blockage of membrane pores by large molecules, 
prolonged time [30-31], the need for reverse washing, and 
resin regeneration [32]. 

Photocatalytic decomposition is a modern treatment 
process as well as being clean and environmentally 
friendly, which is of particular importance in solving 
environmental and global issues with light radiation 
and semiconductors, such as TiO2, ZnO, NiO, and 
WO2 [33-34]. In this process, the electrons of catalytic 
band capacity are excited by UV irradiation and are 
transmitted to the conduction band; during this transfer, 
holes are formed in the surface of the catalyst. These 
excited electrons are transmitted to the conduction band 
together with the holes in the capacity band, which lead 
to intensifying the production of hydroxyl radicals, 
which play an essential role in the photocatalytic process 
[35]. Among the semiconductor metal oxides, the use of 
zinc oxide (ZnO) nanoparticles has been considered for 
having high effective surface, high catalytic activity, low 
toxicity, low cost and, and in some cases, more efficacy 
than some metal oxides [36-37]. 

Zinc oxide (ZnO), a unique and widely used mineral, 
is one of the zinc compounds recognized as safe by 
the U.S. Food and Drug Administration [38-39]. This 
nanoparticle is a wide band gap semiconductor of 
ev3.2 with energy gap of ev3.37 [40]. Moreover, this 
nanoparticle is excitable under ultraviolet radiation 
at a visible wavelength range of 200 to 400 nm, and  
shows maximum absorption in the wavelength range  
385-360 nm. The zinc oxide nanoparticles have been 
widely used in industrial applications such as dye-
sensitized solar cells (DSCs), pigments, photocatalysts, 
sensors, catalysts, gaseous sensors, semiconductors, 
piezoelectric devices, and UV-absorbent materials [41]. 
According to the materials mentioned, the present study 
was carried out to investigate the photocatalytic removal 
of antibiotic gentamicin from aqueous solution using 
zinc oxide nanoparticles.

Materials and Methods

This experimental study was conducted on various 
concentrations of synthetic solution containing  
antibiotic gentamicin. Antibiotic gentamicin with a purity 
of 99% was purchased from Iran Daru Pharmaceutical 
Co. in Tehran. ZnO nanoparticles with a purity of  
+99%, a size of 10-30 nm, milky white dye, and a 
density of 5.66 g/m3 were prepared from Nano Sani Co. 
in Mashhad, Iran. Sulfuric acid and sodium hydroxide 
used in experiments with a purity of +99% were obtained 
from Merck Co. (Germany). 

A reactor was recruited to perform the photocatalytic 
process with the simultaneous effect of ultraviolet/zinc 
oxide nanoparticles. The reactor consisted of two main 
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parts: the main chamber (reaction chamber), with a useful 
volume of 3 l, a wall thickness of 1 cm, and a height of 
25 cm to fulfill all stages of the test, and the secondary 
chamber with a volume of 10 l, a wall thickness of one 
cm and a height of 40 cm involving the main chamber, 
in which the continuous flow of water was maintained 
by a pump to reduce the temperature resulting from UV 
radiation. The radiation source, UV-C (125 watt), with 
a length of 12 cm and a diameter of one cm, as well as 
quartz coating with an outer diameter of 2.5 cm, an inner 
diameter of 2 cm, and a length of 20 cm were mounted 
in the middle of the reactor lid. All components of the 
reactor were wrapped in two layers of aluminum foil 
to prevent ultraviolet reflection. Gentamicin salt and 
deionized distilled water were used to make a synthetic 
solution. The stock solution of gentamicin at 1,000 mg/L 
was prepared weekly and stored in dark conditions 
at 4ºC. Other concentrations of antibiotic gentamicin 
were prepared from the stock solution with appropriate 
dilution ratios; sulfuric acid and sodium hydroxide were 
utilized to adjust solution pH. Then the concentrations 
of 1 to 100 mg/L of antibiotic were prepared to plot the 
calibration curve by spectrophotometer at pH values of 5, 
6, and 7. The read data were inserted into Excel and the 
curves were plotted. 

The experiments were done in combination form 
(radiation-ZnO) to determine the effects of parameters 
affecting gentamicin removal efficiency, including the 
duration of radiation (10, 30, 60, and 120 min), pH (5, 6, 
and 7), concentrations of ZnO nanoparticles (0, 200, 350, 
and 500 mg/L), initial gentamicin concentrations (20, 60, 
and 100 mg/L) and type of radiation (UV-C and sunlight). 
The sample size of the test procedures was determined 

to be 576 through the full factor. The samples extracted 
from the reactor were centrifuged at 4,000 rpm for  
30 min to settle ZnO nanoparticles. After centrifuging, 
the samples were introduced into a spectrophotometer to 
read out absorption rate. The point with the highest peak 
was selected as the maximum absorption. Finally, the 
removal percentage was obtained using the calibration 
curve. At the end, the analysis of the data resulting from 
the experiments was carried out through Design Expert 8 
and Excel 2010 software.

Results and Discussion

Effect of Initial Gentamicin Concentration 
on Process Efficiency

Comparing the mean removal efficiencies at different 
gentamicin concentrations in the presence of both types 
of radiation (UV-C and sunlight) showed that maximum 
efficiency occurred at a concentration of 20 mg/L and 
at about 92.69 and 84.32 percentages, respectively. In 
addition, according to Fig. 1a), the decrease in efficacy 
was observed by increasing the antibiotic concentrations 
from 20 to 60 mg/L and then increasing to 100 mg/L.

Effect of Zinc Oxide Concentration 
on Process Efficiency

The highest mean removal efficiency in the  
presence of both types of radiation (UV-C and sunlight) 
occurred at a concentration of 200 mg/L ZnO and 
about 92.69 and 84.32 percentages, respectively. It can 

Fig. 1. Effects of: a) initial gentamicin concentrations, b) zinc oxide concentrations, c) pH changes, and d) contact time changes on 
process efficiency.
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also be deduced from Fig. 1b) that gentamicin removal  
efficiency was elevated by increasing the concentration 
from 0 to 200 mg/L, and the reduction in removal 
efficiency was seen by increasing the concentration from 
200 to 350 – and sometimes 500 mg/L.

Effect of pH Changes on Process Efficiency

According to Fig. 1c), the maximum mean removal 
efficiency with UV-C radiation exposure occurred at 
pH of 5 and about 92.69%. Efficiency was decreased  
by increasing pH from 5 to 6 and then 7. Maximum 
removal efficiency in the presence of sunlight was at 
pH of 6 and about 84.32%. Efficiency was improved by 
increasing pH from 5 to 6, and decreased with rising 
from 6 to 7.

Effect of Contact Time Changes 
on Process Efficiency

In exposure to UV-C radiation, maximum mean 
efficiency occurring at 30 min was about 93%. As 
shown in Fig. 1d), the increase in removal was observed 
by increasing the time from 10 min to 30 min. This 
efficiency did not change significantly with an increase 
in time from 30 min to 60 and 120 min. In exposure 
to sunlight, the increase in removal was seen with 
increasing radiation time from 10 min to 30 min and 
sometimes 60 min; however, no significant changes were 
observed in efficiency with an increase in time from 60 
to 120 min., and maximum efficiency was about 84.32% 
at 60 min.

Optimal Conditions in the Process

According to Fig. 2, the efficiency of removing 
antibiotics exposed to UV-C radiation reached 92.69% at 
the ZnO concentration of 200 mg/L and the gentamicin 
concentration of 20 mg/L, irradiation time of 30 min, and 
pH of 5.

The best antibiotic removal efficiency at exposure to 
sunlight was observed at 84.32% at a ZnO concentration 
of 200 mg/L, a gentamicin concentration of 20 mg/L, 
irradiation time of 60 min, and pH 6. Solution pH is one 
of the factors affecting the advanced oxidation process 
(AOP). In these processes, pH changes influence the 
oxidation rate through the production of hydroxyl radicals 
[42]. In the present study, maximum removal efficiency 
when using UV-C was obtained about 93% in acidic pH 5 
and the lowest efficiency in neutral pH 7, because acidic 
pH has a greater potential than neutral pH in producing 
hydroxyl radicals. In this regard, Emad S. Elmolla and 
Malay Chaudhuri analyzed amoxicillin, ampicillin, and 
coloxacillin antibiotics using the Fenton process and 
reported that hydrogen peroxide is more stable at low pH 
due to the formation of oxonium ions, and oxonium ions 
improve H2O2 stability [43]. Naddeo et al. reported an 
increase in the decomposition of diclofenac, amoxicillin, 
and carbamazepine after exposure to UV irradiation 

following a decline in solution pH [44]. Emad S. Elmolla 
and Malay Chaudhuri stated that pH 5 was optimized 
for complete decomposition of amoxicillin, ampicillin, 
and coloxicillin antibodies using UV/TiO2 [45]. The 
highest removal efficiency occurred at ZnO 200 mg/L. 
The decrease in removal efficiency was observed by 
increasing the catalyst concentration from 200 to 350 and 
500 mg/L. 

Reducing the efficiency due to this increase in 
concentration can be due to the adhesion of catalyst 
particles, increased light diffusion in high concentrations 
of catalyst, and an increase in the amount of catalyst, 
which in turn leads to the prevention of hydroxyl 
radical production and even consumption of produced 
hydroxyl radicals [46]. In line with this study, Rodrigo A. 
Palominos et al. suggested values over 1.5 g/L for TiO2 
and 1 g/L for ZnO for tetracycline decomposition [29]. 
Giusy Lofrano et al. stated that the optimal amount of 
TiO2 was 1.6 g/L for the photocatalytic decomposition 
of antibiotic chloramphenicol within 120 min [47]. The 
short contact time is a factor that has a significant impact 
on process performance in terms of cost and energy. The 
optimal contact time provides sufficient opportunity to 
generate active hydroxyl radicals and their attack into 
antibiotic molecules. 

In exposure to UV-C irradiation, maximum mean 
efficiency occurred at the contact time of 30 min. The 
efficiency had no significant elevation with increasing the 
contact time from 30 to 60 and 120 min. The reason for 

Fig. 2. Optimal conditions in the photocatalytic process under 
UV-C radiation
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the increase in removal efficiency at the initial reaction 
times can be the creation of more holes and corrosion 
at the nanoparticle surface, thereby increasing removal 
efficiency [48-49]. Prados-Joya et al. observed that 
increasing the elimination of antibiotic nitroimidazole 
depends on prolonged exposure to UV and high-intensity 
radiation [50]. Jung YJ et al. stated that 20 min contact 
time decomposes over 99% of the primary amoxicillin 
compound with the UV/H2O2 advanced oxidation 
process [51]. Shaojun et al. concluded that UV  
eliminated 73% of tetracycline in the contact time 
over 300 min [52]. Maximum removal efficiency 
was at a concentration of 20 mg/L. The reduction in 
efficacy was almost significant because of increasing 
antibiotic concentrations from 20 to 60 and then  
100 mg/L. This phenomenon maybe attributed to the 
ability to occupy an active site of the catalyst with high  
antibiotic values. EL Sayed et al. by studying the 
photocatalytic decomposition of antibiotic metronidazole 
using copper oxide nanoparticles, found that removal 
efficiency was reduced by increasing the initial pollutant 
concentration [53]. In a similar study, Shaojun et al. 
observed that the rate of tetracycline photolysis under 
UV was decreased dramatically by increasing the initial 
tetracycline concentration from 10 to 40 mg/L [40]. 
Perhaps the difference in the results of the above studies 
can be attributed to laboratory conditions, different 
materials, and equipment.

Conclusions

The results obtained from the present study 
demonstrated that the UV/ZnO photocatalytic process 
could remove gentamicin in short contact times. So that 
the removal efficiency of gentamicin antibiotic in the 
optimal conditions of pH 5 and 7, contact time 30 and  
60 min, ZnO 200 mg/L and initial gentamicin 20 mg/L 
was 92.69% and 84.32% at the presence of UV-C and 
sunlight irradiation, respectively. Reductions in removal 
were observed occasionally with an increase in irradiation 
time, catalyst concentrations, and antibiotic levels. So, 
zinc oxide has good efficiency as a photocatalyst in 
removing gentamicin from aqueous solutions along with 
UV-C and sometimes the sun.

Acknowledgements

We would like to thank Yasuj University of Medical 
Sciences for funding, and all colleagues who have 
collaborated on writing this paper.

Ethical Clearance

Taken from ethical committee of Yasuj University of 
Medical Science with grant Nos. 94/63 by the Student 
Research Committee. 

References

1. KHOSRAVI R., HOSSINI H., HEIDARI M., FAZLZADEH 
M., BIGLARI H., TAGHIZADEH A., BARIKBIN B. 
Electrochemical decolorization of reactive dye from 
synthetic wastewater by mono-polar aluminum electrodes 
system. Int. J. Electrochem. Sci. 12, 4745, 2017.

2. BIGLARI H., AFSHARNIA M., ALIPOUR V., 
KHOSRAVI R., SHARAFI K., MAHVI A.H. A review and 
investigation of the effect of nanophotocatalytic ozonation 
process for phenolic compound removal from real effluent 
of pulp and paper industry. Environ. Sci. Pollut. Res. 24, 
4105, 2017.

3. XIAN Q., HU L., CHEN H., CHANG Z., ZOU H. 
Removal of nutrients and veterinary antibiotics from swine 
wastewater by a constructed macrophyte floating bed 
system. J. Environ. Manage. 91, 2657, 2010.

4. BIGLARI H., SAEIDI M., ALIPOUR V., RAHDAR S., 
SOHRABI Y., KHAKSEFIDI R., NAROOIE M.R., ZAREI 
A., AHAMADABADI M. Review on hydrochemical and 
health effects of it in Sistan and Baluchistan groundwater’s, 
Iran. Int. J. Pharm. Technol. 8, 17900, 2016.

5. AHMED M.B., ZHOU J.L., NGO H.H., GUO W. Adsorptive 
removal of antibiotics from water and wastewater: progress 
and challenges. Sci. Total Environ. 532, 112, 2015.

6. KARIMAEI M., SHARAFI K., MORADI M., GHAFFARI 
H.R., BIGLARI H., ARFAEINIA H., FATTAHI N. 
Optimization of a methodology for simultaneous 
determination of twelve chlorophenols in environmental 
water samples using: In situ derivatization and continuous 
sample drop flow microextraction combined with gas 
chromatography-electron-capture detection. Anal. 
Methods. 9, 2865, 2017.

7. NEZAMZADEH-EJHIEH A., SHIRZADI A. Enhancement 
of the photocatalytic activity of ferrous oxide by doping onto 
the nano-clinoptilolite particles towards photodegradation 
of tetracycline. Chemosphere. 107, 136, 2014.

8. BIGLARI H., SAEIDI M., ALIPOUR V., RAHDAR 
S., SOHRABI Y., KHAKSEFIDI R., NAROOIE M.R., 
ZAREI A., AHAMADABADI M. Prospect of disinfection 
byproducts in water resources of Zabol. Int. J. Pharm. 
Technol. 8, 17856, 2016.

9. HOMEM V., SANTOS L. Degradation and removal 
methods of antibiotics from aqueous matrices–a review. J. 
Environ. Manage. 92, 2304, 2011.

10. KÜMMERER K. Significance of antibiotics in the 
environment. J. Antimicrob. Chemother. 52, 5, 2003.

11.  SANDERSON H., JOHNSON D.J., WILSON C.J., BRAIN 
R.A., SOLOMON K.R. Probabilistic hazard assessment of 
environmentally occurring pharmaceuticals toxicity to fish, 
daphnids and algae by ECOSAR screening. Toxicol. Lett. 
144, 383, 2003.

12. ABDELGHANY S.M., QUINN D.J., INGRAM R.J., 
GILMORE B.F., DONNELLY R.F., TAGGART C.C., 
SCOTT C.J. Gentamicin-loaded nanoparticles show 
improved antimicrobial effects towards Pseudomonas 
aeruginosa infection. Int. J. Nanomedicine. 7, 4053, 2012.

13. KLAVARIOTI M., MANTZAVINOS D., KASSINOS 
D. Removal of residual pharmaceuticals from aqueous 
systems by advanced oxidation processes. Environ. Int. 35, 
402, 2009.

14. RAHDAR S., KHAKSEFIDI R., ALIPOUR V., SAEIDI 
M., NAROOIE M.R., SALIMI A., BIGLARI H., BANESHI 
M.M., AHAMADABADI M. Phenol adsorptive by cumin 



1438 Baneshi M.M., et al.

straw ash from aqueous environments. IIOAB J. 7, 536, 
2016.

15. SHOKRI M., BEHNEZHADI A., MORADIAN P. 
Antibiotic gentamicin excluded photocatalytic TiO2 
nanoparticles in aqueous solutions using irradiated with 
UV-A. First Natl. Conf. Nanomater. Nanotechnologies. 
2011.

16. RADJENOVIĆ J., PETROVIĆ M., VENTURA F., 
BARCELÓ D. Rejection of pharmaceuticals in nanofiltration 
and reverse osmosis membrane drinking water treatment. 
Water Res. 42, 3601, 2008.

17. RIVERA-UTRILLA J., PRADOS-JOYA G., SÁNCHEZ-
POLO M., FERRO-GARCÍA M., BAUTISTA-TOLEDO 
I. Removal of nitroimidazole antibiotics from aqueous 
solution by adsorption/bioadsorption on activated carbon. 
J. Hazard. Mater. 170, 298, 2009.

18. ESPLUGAS S., BILA D.M., KRAUSE L.G.T., DEZOTTI 
M. Ozonation and advanced oxidation technologies to 
remove endocrine disrupting chemicals (EDCs) and 
pharmaceuticals and personal care products (PPCPs) in 
water effluents. J. Hazard. Mater. 149, 631, 2007.

19. PIRSAHEB M., SHAHMORADI B., BEIKMOHAMMADI 
M., AZIZI E., HOSSINI H., ASHRAF G.M. Photocatalytic 
degradation of Aniline from aqueous solutions under 
sunlight illumination using immobilized Cr: ZnO 
nanoparticles. Sci. Rep. 7, 1473, 2017.

20. BANESHI M.M., NARAGHI B., RAHDAR S., BIGLARI 
H., SAEIDI M., AHAMADABADI M., NAROOIE 
M.R., SALIMI A., KHAKSEFIDI R., ALIPOUR V. 
Removal of remazol black B dye from aqueous solution 
by electrocoagulation equipped with iron and aluminium 
electrodes. IIOAB J. 7, 529, 2016.

21. SIRTORI C., ZAPATA A., OLLER I., GERNJAK 
W., AGÜERA A., MALATO S. Decontamination 
industrial pharmaceutical wastewater by combining solar  
photo-Fenton and biological treatment. Water Res. 43, 661, 
2009.

22. MÉNDEZ-ARRIAGA F., TORRES-PALMA R., PÉTRIER 
C., ESPLUGAS S., GIMENEZ J., PULGARIN C. 
Ultrasonic treatment of water contaminated with ibuprofen. 
Water Res. 42, 4243, 2008.

23. SALEHI K., SHAHMORADI B., BAHMANI A., 
PIRSAHEB M., SHIVARAJU H. Optimization of reactive 
black 5 degradation using hydrothermally synthesized NiO/
TiO2 nanocomposite under natural sunlight irradiation. 
Desalin. Water Treat. 57, 25256, 2016.

24. SAJJADI S.A., ASGARI G., BIGLARI H., CHAVOSHANI 
A. Pentachlorophenol removal by persulfate and microwave 
processescoupled from aqueous environments. J. Eng. 
Appl. Sci. 11, 1058, 2016.

25. SAEIDI M., BIGLARI H., RAHDAR S., BANESHI 
M.M., AHAMADABADI M., NAROOIE M.R., SALIMI 
A., KHAKSEFIDI R. The adsorptive acid orange 7 using 
Kenya tea pulps ash from aqueous environments. J. Glob. 
Pharma Technol. 9, 13, 2017.

26. RAHDAR S., AHAMADABADI M., KHAKSEFIDI R., 
SAEIDI M., NAROOIE M.R., SALIMI A., BIGLARI 
H., BANESHI M.M. Evaluation of phenol removal from 
aqueous solution by banana leaf ash. J. Glob. Pharma 
Technol. 9, 20, 2017.

27. ALIPOUR V., REZAEI L., ETESAMIRAD M.R., 
RAHDAR S., NAROOIE M.R., SALIMI A., HASANI J., 
KHAKSEFIDI R., SADAT S.A., BIGLARI H. Feasibility 
and applicability of solar disinfection (SODIS) for point-of-
use water treatment in Bandar Abbas, South of Iran. J. Glob. 
Pharma Technol. 9, 40, 2017.

28. PALOMINOS R.A., MONDACA M.A., GIRALDO A., 
PEÑUELA G., PÉREZ-MOYA M., MANSILLA H.D. 
Photocatalytic oxidation of the antibiotic tetracycline on 
TiO2 and ZnO suspensions. Catal. Today. 144, 100, 2009.

29. MANSOURI A., SHAHREZAEI F., ZINATIZADEH 
A., AZANDARYANI A.H., PIRSAHEB M., SHARAFI 
K. Preparation of poly ethyleneimine (PEI))/nano titania 
(TiO2) multilayer film on quartz tube by layer-by-layer 
self-assembly and its applications for petroleum refinery 
wastewater treatment. J. Taiwan Inst. Chem. Eng. 45, 2501, 
2014.

30. DADBAN SHAHAMAT Y., SADEGHI M., SHAHRYARI 
A., OKHOVAT N., BAHRAMI ASL F., BANESHI M.M. 
Heterogeneous catalytic ozonation of 2, 4-dinitrophenol in 
aqueous solution by magnetic carbonaceous nanocomposite: 
catalytic activity and mechanism. Desalin. Water Treat. 57, 
20447, 2016.

31. AHAMADABADI M., SAEIDI M., RAHDAR S., 
NAROOIE M.R., SALIMI A., ALIPOUR V., KHAKSEFIDI 
R., BANESHI M.M., BIGLARI H. Assessment of the 
chemical quality of groundwater resources in Chabahaar 
City using GIS software in 2016. Res. J. Appl. Sci. 11, 1399, 
2016.

32. ÜSTÜN G., SOLMAZ S., BIRGÜL A. Regeneration of 
industrial districtwastewater using a combination of Fenton 
process and ion exchange e a case study. Resour Conserv 
Recycl. 52, 425, 2007.

33. CHEN Y., LU C., XU L., MA Y., HOU W., ZHU J.-J. Single-
crystalline orthorhombic molybdenum oxide nanobelts: 
synthesis and photocatalytic properties. CrystEngComm. 
12, 3740, 2010.

34. LIU T., LI B., HAO Y., YAO Z. MoO3-nanowire membrane 
and Bi2Mo3O 12/MoO3 nano-heterostructural photocatalyst 
for wastewater treatment. Chem. Eng. J. 244, 382, 2014.

35. SHI W., YAN Y., YAN X. Microwave-assisted synthesis of 
nano-scale BiVO4 photocatalysts and their excellent visible-
light-driven photocatalytic activity for the degradation of 
ciprofloxacin. Chem. Eng. J. 215, 740, 2013.

36. ZHANG L., JIANG Y., DING Y., POVEY M., YORK D. 
Investigation into the antibacterial behaviour of suspensions 
of ZnO nanoparticles (ZnO nanofluids). J. Nanoparticle 
Res. 9, 479, 2007.

37. JAFARI A.J., DEHGHANIFARD E., KALANTARY 
R.R., GHOLAMI M., ESRAFILI A., YARI A.R., 
BANESHI M.M. PHOTOCATALYTIC DEGRADATION 
OF ANILINE IN AQUEOUS SOLUTION USING ZnO 
NANOPARTICLES. Environ. Eng. Manag. J. 15, 2016.

38. ROMAÑA D.L., BROWN K., GUINARD J.X. Sensory 
Trial to Assess the Acceptability of Zinc Fortificants  
Added to Iron-fortified Wheat Products. J. Food Sci. 67, 
461, 2002.

39. PREMANATHAN M., KARTHIKEYAN K., 
JEYASUBRAMANIAN K., MANIVANNAN G. Selective 
toxicity of ZnO nanoparticles toward Gram-positive bacteria 
and cancer cells by apoptosis through lipid peroxidation. 
Nanomedicine: Nanomedicine Nanotechnology, Biol. Med. 
7, 184, 2011.

40. SHAOJUN J., ZHENG S., DAQIANG Y., LIANHONG 
W., LIANGYAN C. Aqueous oxytetracycline degradation 
and the toxicity change of degradation compounds in 
photoirradiation process. J. Environ. Sci. 20, 806, 2008.

41.  NAGAJYOTHI P., SREEKANTH T., TETTEY C.O., 
JUN Y.I., MOOK S.H. Characterization, antibacterial, 
antioxidant, and cytotoxic activities of ZnO nanoparticles 
using Coptidis Rhizoma. Bioorg. Med. Chem. Lett. 24, 
4298, 2014.



1439Gentamicin Removal by Photocatalytic...

42. POURAN S.R., RAMAN A.A.A., DAUD W.M.A.W. 
Review on the application of modified iron oxides as 
heterogeneous catalysts in Fenton reactions. J. Clean. Prod. 
64, 24, 2014.

43. ELMOLLA E., CHAUDHURI M. Optimization of Fenton 
process for treatment of amoxicillin, ampicillin and 
cloxacillin antibiotics in aqueous solution. J. Hazard. Mater. 
170, 666, 2009.

44. NADDEO V., MERIÇ S., KASSINOS D., BELGIORNO V., 
GUIDA M. Fate of pharmaceuticals in contaminated urban 
wastewater effluent under ultrasonic irradiation. Water Res. 
43, 4019, 2009.

45. ELMOLLA E.S., CHAUDHURI M. Photocatalytic 
degradation of amoxicillin, ampicillin and cloxacillin 
antibiotics in aqueous solution using UV/TiO2 and UV/
H2O2/TiO2 photocatalysis. Desalination. 252, 46, 2010.

46. MOLINARI R., PIRILLO F., LODDO V., PALMISANO 
L. Heterogeneous photocatalytic degradation of 
pharmaceuticals in water by using polycrystalline TiO2 and 
a nanofiltration membrane reactor. Catal. Today. 118, 205, 
2006.

47. LOFRANO G., LIBRALATO G., ADINOLFI R., 
SICILIANO A., IANNECE P., GUIDA M., AL E. Photo 
catalytic degradation of the antibiotic chloramphenicol and 
effluent toxicityeffects. Ecotoxicol. Environ. Saf. 123, 65, 
2016.

48. TYROVOLA K., PEROULAKI E., NIKOLAIDIS N.P. 
Modeling of arsenic immobilization by zero valent iron. 
Eur. J. Soil Biol. 43, 356, 2007.

49. BANESHI M.M., REZAEI S., SADAT A., 
MOUSAVIZADEH A., BARAFRASHTEHPOUR M., 
HEKMATMANESH H. Investigation of photocatalytic 
degradation of diazinon using titanium dioxide (TiO2) 
nanoparticles doped with iron in the presence of ultraviolet 
rays from the aqueous solution. Biosci. Biotechnol. Res. 
Commun. 10, 60, 2017.

50. PRADOS-JOYA G., SÁNCHEZ-POLO M., RIVERA-
UTRILLA J., FERRO-GARCIA M. Photodegradation 
of the antibiotics nitroimidazoles in aqueous solution by 
ultraviolet radiation. Water Res. 45, 393, 2011.

51. JUNG Y.J., KIM W.G., YOON Y., KANG J.-W., HONG 
Y.M., KIM H.W. Removal of amoxicillin by UV and UV/
H2O2 processes. Sci. Total Environ. 420, 160, 2012.

52. SHAOJUN J., ZHENG S., YIN D., WANG L., CHEN 
L. Aqueous photolysis of tetracycline and toxicity of 
photolytic products to luminescent bacteria. Chemosphere. 
73, 377, 2008.

53. EL-SAYED G., DESSOUKI H., JAHIN H., IBRAHIEM S. 
Photocatalytic Degradation of Metronidazole in Aqueous 
Solutions by Copper oxide nanoparticles. J. Basic Environ. 
Sci. 1, 102, 2014.




