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Abstract 

The purpose of this experimental study was to impact the influencing parameters on the 

elimination of photocatalytic antibiotic florfenicol from shrimp ponds using Cu-doped 

ZnO. The research variables included the initial pH (3, 5, 7, 9, 11), the primary 

concentration of florfenicol (5, 10, 15, 20 mg/L), the photocatalyst dose (0.075, 0.15, 0.3, 

0.6 g/L), and reaction time (0, 15, 30, 45, 60, 90 min). Kinetic and isotherm of absorption 

were performed. Nanoparticle identification tests were reviewed using SEM, XRD, XPS, 

UV-VIS, and PL spectrum and nano-photocatalyst in optimal conditions. The results 

showed that copper doping effectively confirmed the optimized dioxide strip structure and 

SEM images, with pure nanoparticles and Cu-doped ZnO having smooth surfaces. The 

elements were confirmed by XRD analysis and the chemical composition of nanoparticles 

via XPS. The results showed that with the increase in pH and the initial concentration of 

florfenicol, the elimination efficiency decreased. Within 120 minutes, the performance of 

the photocatalytic process increased (75.2%) and then decreased by increasing the dose of 

nanoparticles to 0.3 g/L. The absorption kinetics followed the second-degree quasi -high -

grade isotherm model. This study could be a reference for practical application of 

photocatalytic analysis of antibiotics.
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1. Introduction 
With the rapid growth of the world's population, 

aquaculture has been increasingly suggested as a 

strategy for the production of human protein in 

many countries. Globally, an estimated 100,000 

to 200,000 tons of antibiotics and veterinary 

drugs are used to treat aquatic diseases (Mahari et 

al., 2022), which is expected to rise by about 67% 

by 2030 (Mahmud et al., 2024). Among the 

drugs, the prevalence of antibiotics in the 

environment is of particular concern. The UN 

report warned of an increase in antimicrobial 

resistance associated with drug discharge in the 

environment. In addition, the report stated that 

70% of the total amount of antibiotics is 

consumed by animals and 30% by humans, with 

80% of the amount of antibiotics consumed 

through the urine and stool, which may cause 

antibiotic resistance. The report also showed that 

sewage treatment plants are not equipped for the 

process of antibiotic and resistant bacteria 

removal. (Gaze and Depledge, 2017). 

 Oxytetracycline and tetracycline are the main 

antibiotics used in fish farming systems and other 

aquatic species to control common bacterial 

diseases. However, released antibiotics are 

dangerous, and even species containing 

antibiotics in the ecosystem may affect human 

and animal health. In addition, large amounts of 

antibiotics released in the environment can lead to 

the mutation of antibiotic -resistant 

microorganisms through food chains (Chin et al., 

2023). Flurfnicel is one of the commonly 

approved antibiotics of the Agricultural Food 

Organization for aquaculture and is frequently 

used in the aquaculture industry (FAO, 2020). 

Florfenicol is the most widely used antibiotic in 

aquaculture worldwide and its use in China 

reaches 10,000 t per year (Qiao et al., 2018). 

Flurfnicel possesses stable physical and 

chemical properties, it is not easily decomposed, 

leading to large amounts of non-absorbed 

florfenicol being continuously discharged, and a 

continuous presence in the environment. The 

chemical nature of this fat-soluble antibiotic is 

acidic, with very high bioavailability and a half-

life elimination of 12.2 hours, requiring daily 

administration (Mahari et al., 2022). This study 

was conducted for the first time to remove the 

antibiotic florfenicol from synthetic shrimp farm 

wastewater using Cu-doped ZnO photocatalytic 

nanocomposite. The parameters affecting the 

quality of photocatalytic degradation were 

investigated and degradation kinetic experiments 

were also performed to provide a theoretical basis 

for the scientific use of florfenicol in aquaculture 

to maintain a healthy environment.

2. Methodology 
To purified zinc solution (purchased from Merck-

Germany) 96% sulfuric acid was added at a 

concentration of 0.1 M, until the pH reached 2. 

400 mL of this solution was heated on a heater to 

a temperature of 54 °C. 0.5 M sodium carbonate 

was added to the desired solution and stirred with 

a mechanical stirrer until a dark precipitate 

formed. Precipitation was completed at a pH of 

about 2.6 and passed through filter paper and 

washed with distilled water. It was dried in an 

oven at 70 °C for one day. The prepared precursor 

was heated in a furnace at a temperature of 850 

°C for 2.5 h (Gojarati et al., 2020).  

Hydrothermal or co-precipitation method 

using microwave was used to prepare ZnO and 

Cu-ZnO catalysts. The reactor used in this study 

was a batch type in the form of a mixed liquid 

flow. In our previous study (Ilkhas et al., 2024), 

the amount of antibiotics from shrimp farms was 

measured from the effluent of the ponds, which 

was higher than other antibiotics based on the 

results of florfenicol, which prompted us to 

choose the present study. In this study, a 

laboratory scale was carried out in a 400 mL 

reactor containing 200 mL of reaction solution. 

Synthetic effluent containing concentrations of 5, 

10, 15, 20 and 40 mg/L of florfenicol were 

prepared. The degradation kinetics of florfenicol 

were evaluated using the Langmuir-Hinshelwood 

model (Nguyen and Juang, 2015). 

 The photodegradation experiments of 

antibiotics were considered based on a one-agent-

at-a-time design. The Langmuir model was used 

to describe the kinetics of photocatalytic reactions 

with aqueous organic compounds. In the method 

used, one of the parameters was considered a 

variable and the other parameters were considered 

constant. The efficiency of antibiotic degradation 

was obtained using the following formula

   
      

  
                                               (1) 

Where

E is the antibiotic degradation rate in percentage, 

and C0 and C are the initial and final antibiotic 

concentrations, respectively. 

The adsorption equilibrium constant and rate 

constant are Kad and kr, respectively. The 

equation can be simplified to a pseudo-first-order 

kinetic equation with a first-order rate constant 

kapp. The mineralization of the drug after the 

completion of the reaction was determined 

during the photocatalytic process of zinc dioxide 

doped with copper metal under visible light 

through total organic carbon.
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3. Discussion and results 
The morphology of the Cu-doped ZnO composite 
was investigated using FESEM and TEM (Fig. 1). 
As shown in Fig. 1, this extension effectively 
prevented the formation of nanosheets and 
prevented their aggregation. The TEM image 
(Fig. 1a) shows the presence of ZnO 
nanoparticles. Doping of Cu metal with ZnO 
probably protects the composite from the adverse 
effects of photo-induced crystallization, thereby 
enhancing the active and stable photo-activation 
of Zn metal (Fig. 1b) (Khalid et al., 2022). 

 

 

Fig. 1. a) TEM and b) FESEM, images of Cu-

doped ZnO catalyst 
 
 
 

The effect of solution pH on the efficiency of 
the photocatalytic degradation process of 
florfenicol over times of 0, 15, 30, 45, 60, 90 and 
120 min and its degradation kinetics are shown in 
Fig. 2. The results indicate a significant effect 
(P<0.05) of pH on the photocatalytic degradation 
process of the antibiotic. 

The pH changes of the solution through the 
production of different radicals and the effect on 
the rate of pollutant oxidation play a very 
important role on the efficiency of the 
photocatalytic degradation process (Esfandian et 
al., 2024). In another study, the highest 
adsorption of ciprofloxacin using chitosan-
zeolite composite was obtained at pH=6.7 
(Alidadi et al., 2017). pH=5 was optimal for the 
removal of amoxicillin using titanium dioxide 
and zinc oxide catalysts, and with its increase, 
the removal efficiency decreased, which was 
consistent with the present study (Fazilati, 2019). 

The highest degradation efficiency of 
florfenicol was 69.8% at a concentration of 5 
mg/L (Fig. 3a). The lowest photocatalytic 
degradation efficiency for the antibiotic 
florfenicol was obtained at a concentration of 40 
mg/L. 

In the initial stage, a large number of empty 
adsorption sites on the nanoparticle surface allow 
for easy adsorption of the antibiotic (Tran et al., 
2025). 

 As florfenicol molecules fill the empty 
adsorption sites, the adsorption rate decreases 
over time until it reaches equilibrium after the 
final stages (Fig. 3b). In another study, the 
highest removal efficiency of 98.99% was 
achieved at an initial concentration of 10 mg/L 
cephalexin at 30 min (Adhami et al., 2018). 

 

Fig. 2. Effect of different initial pH values on a) FLO photocatalysis degradation and 
b) degradation kinetics  

 

y = 0.2597x - 0.3401 

R² = 0.9285 

y = 0.2939x - 0.2863 

R² = 0.8998 

y = 0.0281x - 0.0219 

R² = 0.9542 

y = 0.0932x - 0.0838 

R² = 0.9972 

y = 0.0847x - 0.023 

R² = 0.949 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 15 30 45 60 90 120

ln
 (

C
0
/C

) 

Time (min) 

pH=3

pH=5

pH=7

pH=9

pH=11

Linear (pH=3)

Linear (pH=5)

Linear (pH=7)

Linear (pH=9)

Linear (pH=11)

0

10

20

30

40

50

60

70

80

90

0 15 30 45 60 90 120

F
L

O
 r

em
o
v
a
l 

ef
fi

ci
en

cy
 (

%
) 

Time (min) 

pH=3 pH=5 pH=7

pH=9 pH=11

a) 

b) 



Investigation of photocatalytic degradation of …             dx.doi.org/10.22093/wwj.2025.517613.3485 

 4 

                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

Fig. 3. Effect of initial pollutant concentration on a) FLO photocatalysis degradation and 
b) degradation kinetics  

 
After determining the optimum pH and 

antibiotic concentration, concentrations of 0.075, 
0.15, 0.30 and 0.60 g/L of ZnO and Cu-doped 
ZnO photocatalysts were investigated on 
antibiotic degradation at the optimum pH 
obtained for 120 min. The results showed that the 
highest concentration of photocatalysts failed to 
achieve the highest antibiotic degradation 
efficiency. This decrease can be attributed to the 
saturation of active sites and the limited 
availability of oxygen radicals for complete 
degradation of higher concentrations of antibiotic 
molecules. Furthermore, at higher antibiotic 
concentrations, the solution may become 
concentrated, which reduces the light penetration 
to the photocatalyst surface, thereby limiting the 
photocatalytic activity (Eskandari et al., 2023).  

In a study on the removal of tetracycline from 
shrimp pond effluent, a removal efficiency of 
0.99% followed the pseudo-second-order 
Langmuir equation and was consistent with the 
adsorption data (Kaewtrakulchai et al., 2024). 

Investigation of adsorption isotherms for the 
removal of tetracycline using nanoclay adsorbent 
showed that the surface adsorption of the 
antibiotic followed the Langmuir isotherm 
(Meshinchi et al., 2022). 

 
4. Conclusion 
In this study, Cu-doped ZnO nanocomposite was 
synthesized using hydrothermal method and the 
removal of antibiotic florfenicol was successfully 
carried out through it. pH=5, initial concentration 
of florfenicol 5 mg/L, and 0.3 g/L of Cu-doped 
ZnO nanoparticles over 120 minutes produced the 
highest efficiency of florfenicol removal (75.2%). 
The adsorption isotherm followed the Langmuir 
model. The method of this study can be effective 
for the removal of florfenicol from aquaculture 
ecosystem effluent. However, these variables and 
other important variables such as interfering ions 
should be carried out on real aquaculture effluent 
samples. 
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Fig. 1. Schematic image of the reactor used in this study
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Table 1. Physical-chemical factors of the studied shrimp 
culture ponds

ParametersWater sample
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Fig. 2. a) TEM and b) FESEM images of Cu-doped ZnO catalyst
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Fig. 3. a) XRD patterns, b) XPS spectra, c) UV–vis absorption spectra and d) PL spectra of ZnO, Cu-doped ZnO
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Fig. 4. Effect of different initial pH values on a) FLO photocatalysis degradation and b) degradation kinetics 
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Fig. 5. Effect of initial pollutant concentration on a) FLO photocatalysis degradation and b) degradation kinetics  
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Fig. 6. Effect of catalyst dosage of a) ZnO and b) Cu-doped ZnO on FLO photocatalysis degradation  
and degradation kinetics
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Table 2. Comparison of the present study with other research on photocatalytic degradation of antibiotics 

Nanocomposite Antibiotic
Antibiotic 

dose 
Catalyst dose

Removal 
efficiency

References

ZnO/ϒ-Fe2O3 Tetracycline 20 mg/L 20 mg/L 88.52 (Rout et al., 2022)

Fe–ZnO/WO3 Levofloxacin 50 mg/L 20 mg/L 90
(Hakimi Tehrani et 

al., 2022)

g-C3N4/TiO2 Sulfamethoxazole 50 μg/L 15 mg/L 72.8 (Liu et al., 2023)

N-TiO2/g-C3N4 Tetracycline 10 mg/L membrane 84.5 (You et al., 2022) 

CuO/TiO2@GCN Ketoprofen 10 mg/L 1% 94
(Mofokeng et al., 

2022) 

TiO2/CQDs-CA Sulfadiazine 10 mg/L 500 mg/L 71.3 (Silva et al., 2023) 

Cu-doped ZnO Florfenicol 15 mg/L 0.3 g/L 75.2 (Present study) 

 

Cu-

doped ZnO

Cu-doped ZnOSEMXRD

XPSpH

Cu-doped ZnO 
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