
30

INTRODUCTION

Recently, the presence of antibiotics in 
aquatic environments has emerged as a promi-
nent environmental problem. This can have 
major negative impacts on human and environ-
mental health (Mohammed et al., 2021). In fact, 
antibiotics have been recently classified as new 
water contaminants that pose significant risks 
to the environment due to their toxic nature. 
As well as impacting human and animal health, 

antibiotics can also have a substantial long-term 
impact on ecological sustainability (Michael et 
al., 2013; Pouretedal and Sadegh, 2014). Releas-
ing antibiotics into the environment increases 
the levels of antibiotic resistant bacteria, which 
makes the treatment process more challenging. 
Conventional wastewater treatment systems 
can be ineffective in removing prescription an-
tibiotics. As a result, there is a rising need to 
develop more effective solutions to treat these 
pollutants (Ternes et al., 2004).
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ABSTRACT 
In this study, a new adsorbent derived from sunflower husk powder and coated in CuO nanoparticles (CSFH) was 
investigated to evaluate the simultaneous adsorption of Levofloxacin (LEV), Meropenem (MER), and Tetracycline 
(TEC) from an aqueous solution. Significant improvements in the adsorption capacity of the sunflower husk were 
identified after the powder particles had been coated in CuO nanoparticles. Kinetic data were correlated using a 
pseudo-second-order model, and was successful for the three antibiotics. Moreover, high compatibility was identi-
fied between the LEV, MER, and TEC, isotherm data, and the Langmuir model, which produced a better fit to suit 
the isotherm curves. In addition, the spontaneous and exothermic nature of the adsorption process was crucial for 
transforming the three antibiotics into CSFH. The greatest CSFH adsorption capacity was in MER (131.83 mg/g), 
followed by TEC (96.95 mg/g), and LEV (62.24 mg/g). These findings thus indicate that CSFH is one of the most 
effective and efficient adsorbents to use for eliminating wastewater contaminated with antibiotic residue. 
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Numerous researchers have investigated meth-
ods of removing different antibiotics from waste-
water. Some studies (Mohseni-Bandpi et al., 2016) 
have focused on the removal of cephalexin, where-
as others have investigated amoxicillin, ciprofloxa-
cin (Danalıoğlu et al., 2017; Sun et al., 2016; Wu 
et al., 2010), alkaloids (Abed et al., 2014; Abed et 
al., 2015), pelletierine (Al-Hemiri et al., 2012), le-
vofloxacin (Mohammed and Mohammed-Ridha, 
2021), combined levofloxacin and ciprofloxacin 
(Mohammed et al., 2021), metronidazole (Ahmed 
et al., 2013; Teixeira et al., 2019), norfloxacin 
(Yang et al., 2012), naproxen (Attia et al., 2013), 
and ibuprofen (Fukahori and Fujiwara, 2014).

Levofloxacin (LEV), meropenem (MER), and 
tetracycline (TEC) are very common antibiotics 
used worldwide to treat different bacterial diseases. 
Thus, the effects that these antibiotics have when 
released into the environment have been explored 
in great depth. LEV is a relatively new and more 
advanced antibiotic than other fluoroquinolones 
(FQs). FQs are a wide-range class of synthetic an-
tibiotics that function by inhibiting the growth of 
the bacterial DNA gyrase enzyme needed by bac-
teria to replicate. This antibiotic is highly resistant 
to traditional biological oxidation and normally 
manages to escape intact from wastewater treat-
ment plants (WWTPs) (Mahmoud et al., 2020). 
LEV can inhibit both Gram-positive and Gram-
negative bacteria. For this reason, it can be used to 
treat a wide variety of infections such as skin and 
soft tissues infections, obstetric, genitourinary, and 
gynaecological infections (Al-Jabari et al., 2019). 

On the other hand, MER is a wide-ranging in-
jectable β-lactam antibiotic typically administered 
to treat serious bacterial infections such as those 
that affect the lower respiratory tract, as well as 
intraabdominal, urinary tract, obstetric/gynaeco-
logical, meningitis, cystic fibrosis and in-febrile 
neutropenia infections (Elragehy et al., 2008; M-
Ridha et al., 2020; Shaban et al., 2020; Wang et al., 
2020). TEC is the second most commonly used an-
tibiotic worldwide used to effectively treat a wide 
range of infections (Ersan et al., 2015). This anti-
biotic has been recently detected in soils, ground-
water, and surface waters (Song et al., 2019). The 
chemical structure of TEC antibiotics facilitates 
the cation exchange between the soil and sedi-
ment clay components, playing a significant role 
in determining the sorption mechanisms of these 
antibiotics (Figueroa et al., 2004). As TEC mol-
ecules tend to be neutral or negatively charged in 
environmental water and thus traditional methods 

for removing antibiotics from wastewater (such 
as sedimentation, sand filtration, flocculation, and 
coagulation), are not very effective for eliminating 
tetracycline (Soori et al., 2016).

Adsorption is an effective and appealing tech-
nique that can be used to eliminate contaminants 
from water, with simple process management and 
minimal operating costs (Inyang et al., 2014; Yi 
et al., 2015). Various materials such as resins, ac-
tivated carbon, and carbon nano-materials have 
been used to absorb several antibiotics and effec-
tively remove them from water (Chen et al., 2015; 
Tian et al., 2013a, 2013b). Recently, more stud-
ies have been performed in order to find ways to 
improve the adsorption capacity of natural waste 
material and create highly efficient adsorbents. 
Coating the adsorbent surface with nanoparticles 
was first applied by Gupta and Saleh (2013), and 
the efficiency was high as it can enhance the me-
chanical strength, surface area, and adsorption 
capacity of the adsorbent. 

Gold, alumina, zinc oxide, iron oxide, stan-
nous oxide, titanium oxide, copper oxide, and a 
number of alloys have been used to create nanopar-
ticle adsorbents for wastewater treatment. Pure 
nanoparticles are expensive and generally unsuit-
able due to their strong tendency to agglomerate, 
resulting in significant reactivity loss and a drop 
in pressure in traditional treatment systems (Shi et 
al., 2011). Moreover, advanced filtration technol-
ogy is required to remove them from the aqueous 
phase (Shi et al., 2011; Tian et al., 2013a). Using 
natural adsorbents coated with nanoparticles is 
thus a more viable option because it overcomes 
the drawbacks of using nanomaterials in isolation. 
Additionally, this enhances the effectiveness of 
the main adsorbents in removing impurities from 
various sources (Mohseni-Bandpi et al., 2016).

Therefore the aims of this study was to inves-
tigate the potential of simultaneous adsorption 
of LEV, MER, and TEC using sunflower husk 
coated with copper oxide nanoparticles (CSFH). 
The synthesised CSFH was chareterised under 
X-ray diffractometer (XRD), scanning electron 
microscopy (SEM), Fourier transform infra-red 
(FTIR), and Brunauer–Emmett–Teller (BET). 
The adsorption capabilities were investigated by 
maniputing the initial concentration, temperature, 
contact time, and pH. The thermodynamics and 
kinetics of the CSFH adsorpion were also deter-
mined for each antibiotics. In addition, artificial 
neural network (ANN) was developed to predict 
the adsorption of the antibiotics.
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MATERIALS AND METHODS

Ternary antibiotics preparation

The following chemicals used in the present 
investigation were supplied by the original manu-
facturer (Merck, Germany): powdered LEV hemi-
hydrate (C36H42F2N6O9), MER (C17H25N3O5 S),  
TEC hydrochloride (C22H24O8N2.HCl). The stock 
solutions were prepared before the start of each 
experiment with 0.1 g of powdered antibiotic 
(LEV, MER, and TEC) dissolved in 1 L of deion-
ised water in order to produce 100 mg/L ternary 
antibiotics concentrations. Subsequently, the solu-
tions were stirred for one hour to produce a ho-
mogenous ternary solution.

Synthesis of CSFH

A sunflower husk was washed with deion-
ised water and dried in an oven at 105 °C. It was 
then left overnight, ground, and sieved (mesh No. 
200). The remaining powder was collected and 
placed in a container. Additionally, 300 g of 99% 
pure CuO nanoparticles (Nanostructured and 
Amorphous Materials Inc., Houston, TX, USA) 
were purchased. The collected CuO nanoparticles 
were then subjected to a sonolysis process for 30 
min to ensure that they were dispersed thoroughly 
in the acetone. Subsequently, the powdered sun-
flower husks was placed in the CuO nanoparticles 
solution at a ratio of 5:1 (g/g) and stirred until a 
homogenous mixture was produced. The liquid 
was then decanted, which left CSFH precipitates, 
filtered, and dried in an oven at 60 °C. Lastly, 
when completely dry, the CSFH was placed in 
flasks prior to use.

Characterisation of CSFH

Characterisation of the adsorbent was con-
ducted with raw SFH and CSFH. An X-ray dif-
fractometer (XRD; Philips-Magix Pro MPD, 
Netherlands) was employed to identify the CS-
FH’s crystalline structure. The patterns fell with-
in a range of 2θ, varying between 5° and 60°, 
with a step width of 0.02° and scan rate of 1o per 
sec. An SEM (TESCAN-Vega3, Czech Repub-
lic) was also used to identify the surface mor-
phology of the CSFH. EDS analysis was then 
performed to determine the elemental composi-
tion. A Shimadzu FTIR spectroscopy was em-
ployed to identify the functional groups present 

on the CSFH. A BET analysis was performed to 
examine the specific surface area of the SFH and 
CSFH. Furthermore, the pH of the CSFH’s zero 
points of charge (pHzpc) was calculated using 
the method outlined by Mohseni-Bandpi et al. 
(2016). This test was required to determine the 
type of CSFH surface charge in relation to the 
pH of the solution.

Adsorption experiments

The adsorption tests were carried out in a 
batch-ternary system. Mixtures containing differ-
ent concentrations of antibiotics solution (5, 25, 
50, and 75 mg/L) were placed in 25 mL conical 
flasks, and agitated at 200 rpm with CSFH ad-
sorbent (0.1 g/100 mL antibiotic solution) using 
an orbital shaker (LSI-3016R; Labtech, Korea). 
The sorption effects were measured with differ-
ent pollutant concentrations at various points in 
time. Moreover, the influence of temperature on 
sorption was investigated at temperatures rang-
ing from 20–40 °C. At contact time of 5 to 90 
min, 10 mL sample was collected and centrifuged 
(PLC-03-GEMMY, Taiwan) at 3000 rpm for 5 
minutes. An ultraviolet-visible spectrophotome-
ter (UV/VIS-T80-PG, UK) was then used to mea-
sure the remaining antibiotics concentration. The 
maximum adsorption wavelength set on the spec-
trophotometer was 296 nm. The impact of the 
adsorbate dosage and initial pH (range 3–9) on 
the CSFH pollutant removal capability was also 
investigated. The following equations (1) and 
(2) (Mohseni-Bandpi et al., 2016; Shaban et al., 
2020) were used to compute the ternary antibiot-
ics removal efficiency (percentage) and equilib-
rium adsorption capacity (qe, mg/g):

𝑅𝑅𝑅𝑅(%) =
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(2)

where: Co – represents the initial concentra-
tions of ternary antibiotics;   
Ce – represents the equilibrium  
concentrations (mg/L);   
V – is the volume of used solution (L);   
M – representing the mass of adsorbent 
applied (g). 
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RESULTS AND DISCUSSION 

Characterisation of the SFH and CSFH 

Figure 1 shows the SEM micrographs of the 
SFH and CSFH before and after simultaneous 
adsorption of LEV, MER, and TEC molecules. 
Coating the nanoparticles in CuO radically alters 
the morphological features of the SFH (Figures 
1a and 1b). The SEM images of the CSFH sug-
gests that the adsorbent has a coarse surface and 
is made up of various non-uniform and separated 
aggregates. A number of large ravines and long 
grooves can be seen in the outer wall of the CSFH 
particles. The presence of a large surface area and 
active sites for the adsorbtion of adsorbate mol-
ecules are signifi cant benefi ts. When comparing 
Figure 1b with the SEM image of the CSFH af-
ter adsorption (Figure 1c), it is evident that the 
morphological features of the CSFH are substan-
tially changed during the simultaneous antibiotic 
adsorption process. The CSFH surface appears to 
become smoother, whilst various pre-separated 
aggregates have coalesced owing to the adsorp-
tion of the three antibiotics on active CSFH sites.

By collecting the EDS spectrums of the 
CSFH prior to and after adsorption reactions with 
the three antibiotics, the elemental composition 
of the CSFH could be ascertained. The elements 
C and Ca are clearly visible in the EDS spectra 
of the CSFH before adsorption. Furthermore, the 
high mass ratio of Cu and O elements indicate that 
the interaction between sunfl ower husk and 
the CuO nanoparticles has been eff ective. After 
the reaction, the Cu is found in the EDS spectrum 
of the CSFH. This shows that CuO nanoparticles 

on the CSFH surface are stable following adsorp-
tion. XRD analysis performed on the SFH and 
CSFH clearly show that carbonate is the domi-
nant material in the SFH’s crystallographic struc-
ture, which occur naturally in the SFH. Moreover, 
small traces of these elements can be detected in 
the PS XRD pattern. The analysis of the XRD 
CSFH spectra reveal additional peaks once SFH 
is coated with CuO nanoparticles.

FTIR analysis was performed on the raw 
SFH sample is shown in Figure 2a. This analy-
sis revealed that bands of aliphatic C-H ranging 
from 3000–2800 cm-1 and C = O bonding in the 
1745–1725 cm-1 range indicate the presence of 
fats in this agricultural material (Mohammed 
et al., 2020). Figure 2a shows three functional 
groups in the SFH FTIR spectrum. The broad 
band identifi ed at 3788.19 and 3410 cm-1 can be 
assigned to the O-H amide group and O-H al-
cohol bond group. On the other hand, the band 
identifi ed at 2937.59 cm-1 appears to be an Al-
kanes C-H bond stretching functional group. 
The two bands identifi ed at 1627.9 and 1406.1 
cm-1 appear to have polymer chain bonds that are 
characteristic of allyl alcohol, whilst they can 
also be assigned to the vinyl-CH2 group based 
on their C=C stretching vibrations (Dostert et al., 
2016). Lastly, the bond at 1056 cm-1 contains a 
rans-wag vibration and features characteristic of 
the C=O = aldehyde group and the C=C = vinyl 
group (Dostert et al., 2016). 

Clear changes can be seen in the CSFH FTIR 
bands (Figure 4b) compared to the SFH spectrum, 
with the new values being as follows: 2914.4, 
2341.5, 1641.4, 1409.9, and 472.56 cm-1. This 

Figure 1. SEM micrographs of SFH(a) and CSFH before (b), and after (c) simultaneous 
adsorption of LEV, MER, and TEC. SEM, scanning electron microscopy; SFM, sunfl ower husk; 

CSFH, CuO coated SFM; LEV, Levofloxacin; MER, Meropenem; TEC, Tetracycline

a) c)b)
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change is likely caused by the interactions between 
raw SFH and the CuO nanoparticles in the coating 
material. Moreover, the band detected at 1641.4 
cm-1 has similar vibration stretching patterns to the 
carbonyl group or carboxylic bonds (Dostert et al., 
2016). This is most likely caused by the reactive 
carbon-containing plasma groups that are activat-
ed throughout the synthesis of CuO nanoparticles 
(Ramani et al., 2015). The FTIR spectra for CSFH 
after the adsorption procedure of three medicinal 
items are shown in Figure 2c. When comparing the 
FTIR CSFH spectrum before (Figure 2b) and after 
(Figure 2c) adsorption, there has been a slight in-
crease in the intensity of the band at 3405 (Figure 
2b). As described by Mohammed et al. (2020), the 
pollutant molecules’ overlap the –OH and –NH2 

stretching vibrations. Further, the bands identi-
fi ed at 1631.78, 1247.94, 1107.32, and 584.43 cm-1

have shifted, implying that these functional groups 
are involved in pollutant molecule sorption. The 
results also indicate that the band corresponding 
to CuO (<1000 cm-1) is still present in the CSFH 
FTIR spectrum once adsorption has taken place. 
Therefore, CuO nanoparticles remain attached to 
the SFH surface throughout the adsorption process.

Adsorption of ternary antibiotics

Eff ect of pH and contact time

Adsorbate molecules, however, can have dif-
ferent surface charges at diff erent pH values, 
which ultimately has a signifi cant impact on their 

Figure 2. FT-IR analysis of SFH (a), and CSFH before (b), and after (c) simultaneous 
adsorption of LEV, MER, and TEC molecules. FT-IR, Fourier-transform infrared
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adherence to adsorbent particles. Figure 3 shows 
the variation in removal of LEV, MER, and TEC 
as a function of pH. The amount of each antibi-
otic adsorbed onto the CSFH in the ternary sys-
tem increases as the pH rises from 4 to 7, and then 
decreases as the pH level rises. The electrostatic 
interactions that take place between antibiotic 
molecules and the CSFH surface can explain this 
adsorption. The analysis showed that the pHpzc 

of the CSFH was 6.5. Moreover, the surface of a 
CuO nanoparticle often contains neutral-charged 
hydroxyl (OH) groups, although these can differ 
depending on the pH level.

The H+ ions detach from the particle surface at 
pH > pHpzc due to the negative charging of CuO 
with partially bonded oxygen atoms (CuO). On 
the other hand, pH < pHpzc, H+ are drawn to the 
particle surface where they bond with OH– groups, 

Figure 3. Effect of pH on the LEV, MER, and TEC adsorption efficiency onto CSFH in 
the ternary system (initial antibiotic concentration = 75 mg/L, temperature = 20 ± 1o C, 

agitation time from 0 to 90 min at 200 rpm, adsorbent dose = 0.1 g/100 mL)

c)

b)

a)
LEV

MER

TEC
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causing CuOH2 
+ groups to form. Ultimately, this 

positively charges the CuO surface. As the CuO 
nanoparticles and CSFH have positive net surface 
charges at pH = 6, electrostatic attraction may 
occur between them and the negatively charged 
groups of ternary antibiotics, resulting in strong 
LEV, MER, and TEC elimination efficiency. 
However, the adsorption effectiveness decreases 
when the pH falls below 6, as this causes electro-
static repulsion between positively charged CuO 

nanoparticles and cationic moieties of ternary 
antibiotics. The results indicate that adsorption 
is facilitated whenever the charges of the adsor-
bents and the LEV, MER, and TEC molecules are 
dissimilar. This is primarily because electrostatic 
attraction forces typically emerge when the adsor-
bate molecules and adsorbent surfaces have dif-
ferent charges. This can result in a chemisorption 
reaction between the ternary antibiotic molecules 
and CSFH active sites when pH 6 is reached.

Figure 4. Effect of initial LEV (a), MER (b), and TEC (c) concentrations 
on their adsorption efficiency in the ternary system

a)

b)

c)
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As contact time increases, the elimination ef-
ficiencies of the three antibiotics also increase, 
reaching peak adsorption after approximately 30 
min for both MER and TEC and 40 min for LEV 
(Figure 3). Moreover, the elimination rates for all 
three antibiotics increased significantly during the 
first 30 min of contact time, which is most likely 
caused by the abundance of uncovered adsorption 
sites on the adsorbent. It is important to note that 
the rapid removal of the pollutant by the adsor-
bent is a very beneficial feature and can thus be 
considered very effective in adsorption treatment 
processes. However, the removal rate evidently de-
creases as the contact time progresses between 50 
and 90 min. This is most likely due to the contin-
ual reduction in available adsorbent reaction sites 
and concentration of non-adsorbed or non-reacted 
LEV, MER, and TEC molecules. The removal per-
centages had been slowly rising until that point. 
The highest removal efficiencies for LEV (86.2%), 
MER (78.4%), and TEC (74%) were all reached 
after a 90-min contact period at pH 6. 

Effect of ternary antibiotic concentration

The effects of the LEV, MER, and TEC start-
ing concentrations (5, 25, 50, 75 mg/L for each 
antibiotic) was examined, as well as their removal 
percentage by CSFH. These tests were carried out 
in a controlled setting (pH 6, 20 °C, agitation time 
90 min at 200 rpm, adsorbent dose 0.1 g/100 mL). 
The removal efficiencies of LEV, MER, and TEC 
increased dramatically as the starting concentra-
tion increased (Figure 4). This was caused by the 
high concentration gradients that emerged at great-
er adsorbate concentrations (Gupta et al., 2017).

Kinetics of ternary antibiotic adsorption

The kinetic data of LEV, MER, and TEC ad-
sorption onto CSFH were modelled using two ki-
netic models: pseudo-first-order (Equation 3) and 
pseudo-second-order (Equation 4). These models 
are commonly used to model the removal of or-
ganic and inorganic pollutants from water solu-
tions. The regression coefficients for each model 
were calculated through nonlinear fitting proce-
dures in a MATLAB program, with the results 
being presented in Table 1. The R2 values show 
that the pseudo-second-order model is the best-
fitting equation for determining the adsorption 
kinetics of LEV, MER, and TEC onto CSFH. Ad-
ditionally, a slight difference in the experimental 
and estimated uptake values was identified in the 
pseudo-second-order model. This suggests that 
chemical-based reactions take place between 
the three antibiotics and CSFH molecules (Alje-
boree et al., 2017). Moreover, to explain the in-
tra-particle diffusion mechanisms taking place in 
the adsorption processes for all three antibiotics, 
the intra-particle diffusion model (Equation 5)  
was 3used to evaluate data. This model is fre-
quently employed to ascertain whether intra-par-
ticle diffusion or another process (such as film, 
pore or surface diffusion) is the most significant 
rate-limiting step (Boparai et al., 2011). The lin-
ear trend line fit of qt versus t0.5 point passes very 
near the point of origin (i.e. the parameter C ≈ 0).  
This indicates that intra-particle diffusion is the 
dominant rate-limiting step in the adsorption ki-
netic. The intra-particle diffusion equation was 
thus used to plot the kinetic data of LEV, MER, 
and TEC adsorption onto CSFH at various initial 

Table 1. The kinetic model parameters and regression coefficients for simultaneous levofloxacin (LEV), meropenem 
(MER), and tetracycline (TEC) adsorption onto CuO coated sunflower husk (CSFH)

Antibiotic C0
(mg/L)

qexp
(mg/g)

Pseudo-first order Pseudo-second order Intra-particle diffusion

qcal.
(mg/g)

K1
(min-1) R2 qcal.

(mg/g)
K2

(g/mg.min)) R2 kid
(mg/g.min-0.5)

C
(mg/g) R2

LEV

5 12.24 9.2 0.048 0.94 14.4 0.0049 0.98 1.29 1.85 0.81

25 26.96 19.3 0.038 0.892 28.8 0.0018 0.99 2.9 1.8 0.86

50 38.56 12.9 0.032 0.852 41.8 0.0069 0.99 4.1 6.3 0.79

75 50.48 45.3 0.045 0.981 52.4 0.0021 0.99 5.2 7.3 0.86

MER

5 15.3 20.2 0.056 0.85 12.6 0.0042 0.98 1.5 0.5 0.95

25 33.7 28 0.047 0.84 35.5 0.0031 0.98 4.1 1.8 0.89

50 48.2 31.4 0.033 0.82 47.3 0.0024 0.99 3.8 12.5 0.74

75 63.1 58 0.041 0.89 61.2 0.0013 0.99 5.9 14.9 0.79

TEC

5 8.4 5.3 0.026 0.78 6.4 0.0032 0.94 0.79 1.4 0.96

25 18.3 9.5 0.029 0.82 15.2 0.0016 0.92 1.8 3.2 0.74

50 35.8 44 0.035 0.84 33.7 0.0010 0.99 3.4 6.2 0.87

75 47 41 0.035 0.90 45.9 0.0008 0.97 4.2 12.1 0.72
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(8)

where: qmax represents the maximum adsorption 
capacity of the adsorbent (mg/g),   
b is a Langmuir constant rep-
resenting the affinity of the ad-
sorbent’s active sites (L/mg), and   
n represents the Freundlich constant which 
pertains to sorption intensity. This equa-
tion can be used to determine the desir-
ability of the adsorption process at 1 n < 1.  
Finally, Kf is the Freundlich constant 
used to determine the relative sorption 
capacity (mg/g).

It is interesting to note that the adsorption 
data for LEV, MER, and TEC fit well in the 
Langmuir model, whereby suitable correlation 
coefficient values were identified. These results 
(Table 2) indicate the existence of a complicated 
mechanism in which the antibiotics are simul-
taneously adsorbed onto the CSFH adsorbent’s 
surface consisting of multiple adsorption sites. 
The Langmuir model analysis showed that the 
maximum adsorption uptakes were 62.24, 131.83 
and 96.95 mg/g for LEV, MER, and TEC, respec-
tively. When Equation (7) was used to determine 
the values for the best-fit model (represented by 
n values of LEV and TEC adsorption and the RL 
values of MER and TEC), the findings showed 
that the adsorption process involving the CSFH 
adsorbent was most effective. The n values were 
all <1, which suggests that a chemisorption pro-
cess took place to adsorb all three antibiotics onto 
the CSFH (Aljeboree et al., 2017). These findings 
show that CSFH was more efficient in eliminating 
antibiotic molecules in the adsorption treatment 
process than other adsorbents were.

concentrations. The kinetic data plots produced 
when the intra-particle diffusion equation is used 
do not fit the linear equations. Furthermore, the 
C values are greater than zero. This finding sug-
gests that more than one adsorption mechanism 
controls the adsorption of LEV, MER, and TEC 
onto CSFH and that intra-particle diffusion is not 
the most significant adsorption mechanism.
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(5)

where: qt (mg/g) – represents the amount of 
each LEV, MER, and TEC molecule ad-
sorbed onto the CSFH at time t (min);   
k1 and k2 (min-1) – represent the 
rate constants of the first- and sec-
ond-order kinetic models;  
kid (mg/g min0.5) – is the constant 
of the intra-particle diffusion rate;   
C (mg/g) – represents the constant related 
to the thickness of the boundary layer. 

Isotherms of ternary antibiotic adsorption

The key purpose of studying sorption iso-
therms is to determine how the sorbed ternary anti-
biotics are distributed on the solid phase of CSFH 
compared to the equilibrium of ternary antibiotics 
concentration in the sorptive phase. The Langmuir 
(Equation 6) and Freundlich (Equation 7) isotherm 
models were employed to model the experimental 
isotherm data for the different adsorbents.
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Table 2. Calculated isotherm and regression parameters of the LEV, MER, and TEC onto CSFH
Model Parameter LEV MER TEC

Langmuir

qmax (mg/g) 62.24 131.83 96.95

KL (L/mg) 0.150 0.047 0.035

RL 0.08-0.57 0.22-0.81 0.27-0.85

R2 0.973 0.956 0.971

SD 5.56 8.1 8.0

Freundlich

kf (mg/g) 12.23 8.41 4.89

1/n 2.25 1.47 1.44

R2 0.949 0.937 0.945

SD 8.3 8.99 9.5
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Thermodynamic properties of 
ternary antibiotics adsortion

In order to perform a thermodynamic analysis 
of CSFH for simultaneous LVE, MER, and TEC 
adsorption, a number of different factors had to be 
considered, including the thermodynamic parame-
ters of Gibbs free energy change (ΔG°, kJ/mol), sur-
face adsorption of entropy change (ΔS°, kJ/mol.K), 
and enthalpy change (ΔH°). The solutions contain-
ing the three antibiotics were tested at various tem-
peratures between 20 and 40 oC, and the effects of 
the temperature changes on CSFH elimination ef-
ficiency were investigated. The following equations 
(9–11) was used to calculate the thermodynamic pa-
rameters of enthalpy change (ΔH°), entropy change 
(ΔS°) and Gibbs free energy change (ΔG°). 
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where: T – refers to the absolute temperature (K); 
R – represents the universal gas 
constant (8.314×10-3 kJ mol-1 K-1);   
kc – (L g-1) represents the thermodynamic 
distribution coefficient for adsorption.

To calculate kc, Equation 9 can be applied:
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where: kc – refers to the different temperatures at 
equilibrium.

Least square analysis can be performed to 
identify the linear relationship between ln and 
1/T. Additionally, it may also be possible to de-
termine the change in enthalpy that occurs during 
the adsorbent process at different temperatures. 

The data shown in Table 3 reveal that tem-
perature had a minimal impact on the capacity of 
LEV, MER, and TEC to bind to CSFH. Altogeth-
er, there was a minor improvement in the CSFH 
adsorption capacity, and this is primarily due to a 
reduction in the viscosity of the solution harbour-
ing the pollutant molecules as the solution tem-
perature rises. In turn, this allows the adsorbate to 
diffuse at a quicker rate across the bulk (external) 
and pore (internal) boundaries of the adsorbent 
particles. Negative Δ𝐺 values were identified for 
all temperatures, and this ultimately indicates that 
the adsorption reactions between LEV, MER, and 
TEC molecules and CSFH particles are sponta-
neous. Nonetheless, negative Δ𝐻° and Δ𝑆 values 
indicate that the adsorption process was exother-
mic. Moreover, the level of randomness during 
the reaction between LEV, MER, and TEC with 
the CSFH particles was reduced.

ANN prediction model development

The LMA (Levenberg–Marquardt) training 
algorithm was used in MATLAB to predict the 
elimination efficiency of ternary antibiotics. The 

Table 3. Thermodynamic analysis of the simultaneous adsorption of LEV, MER, and TEC onto CSFH (Co = 75 
mg/L, CSFH dose = 0.1 g/100 mL, agitation time = 90 min at 200 rpm, and pH = 6)

Adsorbate T (°C) qe(mg/g)
Thermodynamic Parameters

DG°(kJ/mol) DH°(kJ/mol) DS°(kJ/mol.K)

LEV

20 50.48 -1.71

-21.08 -65.77
25 49.02 -1.57
30 46.57 -1.24
35 43.31 -0.79
40 40.71 -0.45

MER

20 63.10 -2.79

-13.47 -34.39
25 61.84 -3.83
30 59.36 -3.36
35 56.39 -2.84
40 53.58 -2.39

TEC

20 47.00 -1.26

-17.53 -55.45
25 45.12 -1.02
30 42.86 -0.73
35 40.72 -0.44
40 38.69 -0.16
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input adsorption parameters used in the model 
were as follows: contact time (min.), Co (mg/L), 
CSFH Dosage (g/100mL), Temperature (°C), 
and pH. On the other hand, the effi  ciency of ter-
nary antibiotic removal (R%) served as the target 
parameter. Additionally, the mean square error 
(MSE) was calculated to optimise the NN topol-
ogy for the prediction and training sets. Figure 5 
presents a plot of LMA regression for training, 
validation, and testing, with all correlation coef-
fi cients shown to be in excess of 0.994. On the 
whole, the newly-developed ANN model is sim-
pler, quicker, and more accurate in calculating 
the R% than other traditional methods are (Ye til-
mezsoy and Demirel, 2008).

CONCLUSIONS

In the present study, the capacity of CSFH to 
adsorb and remove LEV, MER, and TEC from 
the ternary system was explored. The CSFH ad-
sorbent was characterised by advanced means of 
TEM, SEM, XRD, and FT-IR. The fi ndings re-
vealed that the prepared adsorbent was generally 

more eff ective when the SF was coated in CuO 
nanoparticles than that without the CuO coat-
ing. This improved both the practical utilisation 
and adsorption capacity. The isotherm analysis 
showed that heterogeneous and homogeneous 
adsorption sites were found on the CSFH surface, 
all of which were ready to react with antibiotic 
molecules. Moreover, the thermodynamic 
analysis showed that the adsorption process was 
both spontaneous and exothermic in nature. The 
CSFH maximum adsorption capacity for the three 
antibiotics can be ranked as follows, according 
to the fi ndings of the Langmuir model: MER > 
TEC > LEV. The pseudo-second-order model 
adequately models the kinetic data of the three 
antibiotics, demonstrating that kinetic adsorption 
is a chemical-based process. Furthermore, the 
kinetic investigation revealed that the kinetic 
rate was controlled by multiple processes. The 
current study found that CSFH is an excellent 
adsorbent that can be used to sequester antibiot-
ics in adsorption treatment systems. Finally, the 
results show that the ANN is an excellent tool 
for assessing removal effi  ciency of ternary anti-
biotics in a wastewater. 

Figure 5. Training, validation and testing regression for the Levenberg-Marquardt algorithm
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