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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 2. Methodology
With the rapid growth of the world's population, To purified zinc solution (purchased from Merck-
aquaculture has been increasingly suggested as a Germany) 96% sulfuric acid was added at a
strategy for the production of human protein in concentration of 0.1 M, until the pH reached 2.
many countries. Globally, an estimated 100,000 400 mL of this solution was heated on a heater to
to 200,000 tons of antibiotics and veterinary a temperature of 54 °C. 0.5 M sodium carbonate
drugs are used to treat aquatic diseases (Mahari et was added to the desired solution and stirred with
al., 2022), which is expected to rise by about 67% a mechanical stirrer until a dark precipitate
by 2030 (Mahmud et al., 2024). Among the formed. Precipitation was completed at a pH of
drugs, the prevalence of antibiotics in the about 2.6 and passed through filter paper and
environment is of particular concern. The UN washed with distilled water. It was dried in an
report warned of an increase in antimicrobial oven at 70 °C for one day. The prepared precursor
resistance associated with drug discharge in the was heated in a furnace at a temperature of 850
environment. In addition, the report stated that °C for 2.5 h (Gojarati et al., 2020).
70% of the total amount of antibiotics is Hydrothermal or co-precipitation method
consumed by animals and 30% by humans, with using microwave was used to prepare ZnO and
80% of the amount of antibiotics consumed Cu-ZnO catalysts. The reactor used in this study
through the urine and stool, which may cause was a batch type in the form of a mixed liquid
antibiotic resistance. The report also showed that flow. In our previous study (llkhas et al., 2024),
sewage treatment plants are not equipped for the the amount of antibiotics from shrimp farms was
process of antibiotic and resistant bacteria measured from the effluent of the ponds, which
removal. (Gaze and Depledge, 2017). was higher than other antibiotics based on the

Oxytetracycline and tetracycline are the main results of florfenicol, which prompted us to
antibiotics used in fish farming systems and other choose the present study. In this study, a
aquatic species to control common bacterial laboratory scale was carried out in a 400 mL
diseases. However, released antibiotics are reactor containing 200 mL of reaction solution.
dangerous, and even species containing Synthetic effluent containing concentrations of 5,
antibiotics in the ecosystem may affect human 10, 15, 20 and 40 mg/L of florfenicol were
and animal health. In addition, large amounts of prepared. The degradation kinetics of florfenicol
antibiotics released in the environment can lead to were evaluated using the Langmuir-Hinshelwood
the  mutation  of  antibiotic  -resistant model (Nguyen and Juang, 2015).
microorganisms through food chains (Chin et al. The photodegradation  experiments  of
2023). Flurfnicel is one of the commonly antibiotics were considered based on a one-agent-
approved antibiotics of the Agricultural Food at-a-time design. The Langmuir model was used
Organization for aquaculture and is frequently to describe the kinetics of photocatalytic reactions
used in the aquaculture industry (FAO, 2020). with aqueous organic compounds. In the method
Florfenicol is the most widely used antibiotic in used, one of the parameters was considered a
aquaculture worldwide and its use in China variable and the other parameters were considered
reaches 10,000 t per year (Qiao et al., 2018). constant. The efficiency of antibiotic degradation

Flurfnicel possesses stable physical and was obtained using the following formula
chemical properties, it is not easily decomposed,
leading to large amounts of non-absorbed E% = €o=9 v 100 (1)
florfenicol being continuously discharged, and a Co
continuous presence in the environment. The
chemical nature of this fat-soluble antibiotic is Where
acidic, with very high bioavailability and a half- E is the antibiotic degradation rate in percentage,
life elimination of 12.2 hours, requiring daily and Co and C are the initial and final antibiotic
administration (Mahari et al., 2022). This study concentrations, respectively.
was conducted for the first time to remove the The adsorption equilibrium constant and rate
antibiotic florfenicol from synthetic shrimp farm constant are Kad and kr, respectively. The
wastewater using Cu-doped ZnO photocatalytic equation can be simplified to a pseudo-first-order
nanocomposite. The parameters affecting the kinetic equation with a first-order rate constant
quality of photocatalytic degradation were kapp. The mineralization of the drug after the
investigated and degradation kinetic experiments completion of the reaction was determined
were also performed to provide a theoretical basis during the photocatalytic process of zinc dioxide
for the scientific use of florfenicol in aquaculture doped with copper metal under visible light
to maintain a healthy environment. 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. 1la) 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).

— 500 pm

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

doped ZnO catalyst
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florfenicol over times of 0, 15, 30, 45, 60, 90 and
120 min and its degradation Kkinetics 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).
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Fig. 2. Effect of different initial pH values on a) FLO photocatalysis degradation and
b) degradation kinetics
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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).
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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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Table 1. Physical-chemical factors of the studied shrimp
culture ponds

‘o

Water sample Parameters
8.11 +0.03 pH
32.03 + 0.07 T(C)
5.66 + 0.04 DO (mg/L)
4711 £2.41 TOC (mg/L)
2936.61 + 12.30 TDS (mg/L)
46.72 £ 0.5 (NTU) &, 508
372.01 +£0.00 Alkanity (mg/L CaCQOa)
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Fig. 6. Effect of catalyst dosage of a) ZnO and b) Cu-doped ZnO on FLO photocatalysis degradation
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o] a5 St 5 S8, 56 1S 45 .y 25, Cu-doped ZnO (b 5Zn0 (a cublS 555 31 -5 S

Vo /A Gl s (595 2eaST63 2 ot 28] B3 0l
(JS/G'L-‘“ NYF gl Chle baids Fe plag s ccu 55 2o s
G35 xmSgs 51 it L F/48 ) ST 2 s
J(Liuetal., 2024a) . (55 ols5o
238U Sleslinal Ly ol 5l g s (2B 28 o 50
595 Ll sl ol C‘L“ A r\_gd‘ Cu-Zn0O/g-C3N,

NCA I FE N PP SN P SV PYRVA IS PSTHIE
e slacslo gl SUS e 5L 5 Yool il
Sl iy Sty 5l Jlisliodn 4 e S uS o0 (e

(Suetal., 2017) 545 o JT slasas VT oy 55 5 50

Water and Wastewater

Vol. 36, No. 1, 2025

D=5 IS s (1) olns 5 ColCr o s sl (a5 JS2)
e &l e s gimte 31 el b ot s osls oLt
JUISORA PR S DY SRU- DI PR § (1) IPWRE SIPRCH
AneSlsn 5 i A5 ao s Rl Bl aad s (s eSliss
G A S Sl o i Olien Ll s g o leSe 655
S5 P S sy iis VYo bl s o S /F IS
Cu-doped ZnO Lv 5 [, 56 oo 155 o3 0F/0) oS sls
i ol 2 s o 80/ kil s
Slacled Sl 5l oS Llm g 550 s ey 5o
LS st (Ll ZNOICUO Sl aslizal b by s s 5

QM&)A,JT
VEF Jlo ) sled X 590



'Y

dx.doi.org/10.22093/wwj.2025.517613.3485

OlSan 5 bl gl

st St 6l (RP) (Samed s 5 3500 2l
530S0 chale s S8, 6 (gl Kapp el sk ol olis
5 oS0 cbile s RE T ceus 4+ /N AYY min )
i 3 e ST Bl s Kapp 35y ¢ /440 S50
slacble sy /AFFFRIL /XYY mint s, 4l
Wels o S 4y (5 e Ji a3 Kapp 51 5V

1 S5 ol S s T sl Sl gy a3y el s
s A 53 p Sk O CU-ZNO Sl eslizal b (e JUS 8 gy 55
55 45 I caal s 4 3 YO/ Y 55 1S &S
s doys Vo /N ZN0 L JbiS s

ST BN PR RCN R I N C OV O A
Shoslial U g5 sl (o3l by s of 3 1S
2 2L S sbe (s o San dail 0 gl Sl
590 a0 )5 04/A S VE/NA s 50 Ve ppm 50 cble s
.(Chin et al., 2025)

3308 9351 o s 53 5 Jld sloco e plil ¢ 2l ol
sLodsspe sV c bl LolS oo 155 (6l 058 gladSesl,
SLacBle el yasdhe 1355 n ools S oS3 s 5T
alS el o 58 Bile coul San Jgbona 5V S g 5T
Cdlad 03 S s i 5 S JUS 538 o iy 5S35k
.(Eskandari et al., 2023) 5 3 o 2w 518 528

bl Ol 51 S Lul 5 Bis oS (a0
FeeSSY dolas a5 844 Bl LS s ol S 550
Cdls Cllas i glaesls Ly 55 S Sl o g5 4 3
$lr iz gbp 5o nl s .(Kaewtrakulchai et al., 2024)
G a8l ol ey $U sl Stz b IS Ll s Gl
(Meshinchi s, ¢ 5 oSSy ¢ 5552l 5 S g 55T (o
etal., 2022)
e Ol S Ee 93 e b oy ool o leelie Y Jsax
olii ol sl awdblsm 2, 4 bS5 (31 Bis

QJ\J&\J\SMJ:CN\UMJJJ:{)JGJ#QL@..\.&:bga
ST INCIN [ C S PSRV COet SN I & U1
P E QTR PR -JCU Y WPes] I EWSPE SRV o RO

--’J\b Laﬁw.;JU\Sj:é -U.:‘Jéﬁdﬁl-:j

Water and Wastewater

Vol. 36, No. 1, 2025

2350 a0, S0 /0 e Ble s sy
e 4 A5 o o) 5 Fey04-ZNO-CS/SA
4 Js3S ol g 5 el B 5 L S g 5T
AROY 55 aids A+ baoys AF/FY 5AF/VY ol
CdlS 2] 5, S /PO Lliet al., 2022)
o /Y e lg e ad e LZn0@g-CsN,
(Mirzaei et oS b es o 501, Jgslns 520l su
al., 2018)

dmeSlgs Slaslizal b S Ll 5 ST (2B 528 oy 55
S sls plas s 5 ud ol sy m8ls ol s psles
e S Y /0 S S 55 I
LacsT 3,8 Ty a0 4o s YA/Y 4 08/AA 51y 55 1S
S sl i Gl s 058l olT Gl 2t a5
(Chin et al., sl iolssl ol Jwle |, 0,3 50 C}k_.d 3l
53 Jdsze o S 8L =d s ('JS/GJ:’“ ¥ i (21,152025)
55053 A8/8A s mess] ol 51 Ll s S Gl
.(Kaewtrakulchai et al., 2024 )

ol e gs 5l i sad ol Sl ol D356 55

L S 0,5 6 590 4 wosls olis 55 6,50 Oladlas bl s g
1S sl VL o 3 oS Wil 2 53 0 S0/T L Ll
CoMnOx/g-CsN, 5 (Zhao et al., 2022 ) ZnO/PiC e asle
o Sl g s r,_f~/\’ 593 45 (Zhang et al., 2024)

5b Jaslass e ae s A4/A SAV/Y (5w 5

Sade BIBIL S S plg e3P plives
ST s (51 Bl ao s e Jlaie G Sl ey UK
St 3 e JBIS 5V S5 s oo 20LS T slad shons
o 53 S0 S (6l Jb gazule bow g o Sl - i
B8 s 5 S T Lol on 2lS 2815 6 5 o
.(Gahrouei et al., s,ls55>5 0 a8 cle 4 55 281,
2024)

(JS sl e JBS g 5 Sz aalls (6l
599 05 g5 gl Bl Shaslin Uy L LT
(P JSs) s ol S g 5T sl e PH 5 1S 523
wns o oL 1 oo gbaesls 5 Jas dslan o ol b S5

VEoF Jlo ) oyleds ¥ 550

O\



dx.doi.org/10.22093/ww;j.2025.517613.3485

o3l IS8 )98 Sgr T (2B 928 55 (g2

o S s 3T e 558 g 25 550 55 s lalllan b oy o) aglia =Y J g
Table 2. Comparison of the present study with other research on photocatalytic degradation of antibiotics

Nanocomposite Antibiotic AT Catalyst dose Ren}oval References
dose efficiency
ZnO/Y-Fe,04 Tetracycline 20 mg/L 20 mg/L 88.52 (Rout et al., 2022)
Fe-ZnO/WO; Levofloxacin 50 mg/L 20 mg/L 90 (—Hak;?nz"l"oezhzram et
g-C;3N4/TiO, Sulfamethoxazole 50 pg/L 15 mg/L 72.8 (Liu et al., 2023)
N-TiO,/g-C5Ny Tetracycline 10 mg/L membrane 84.5 (You et al., 2022)
. (Mofokeng et al.,
CuO/TiO2@GCN Ketoprofen 10 mg/L 1% 94 0 02062‘12: €la
TiO,/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)
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