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Abstract.

The presence of Ciprofloxacin in wastewater and surface water has been widely
reported, is becoming a growing concern due to its toxicological effect on aquatic
species and has been efficiently removed from wastewater by adsorption using natural
clay collected from Gabes region (Tunisia). The textural, chemical-surface, structural,
and morphological properties of the clay-based adsorbent was examined, finding low-
moderate specific surface area value (18.1 m? g") and a structure coincident with the
smectite phase. Adsorption kinetic study revealed that clay reached the equilibrium in
(420 min) ~ 7 h, achieving a CIP removal percentage of 80 %. Pseudo-second-order
kinetic model describes well the kinetic adsorption experimental data. The
equilibrium adsorption capacity (qe = 177.8 mg g') was obtained for clay el-Hicha.
The Freundlich adsorption model led to the best-fitting results, suitable for
heterogeneous adsorptive systems. From pH studies, considering the dissociation
constants of the CIP molecule, working at solution pH = 6 led to the best adsorption
results.
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1 Introduction

The pharmaceutical sector could produce antibiotic wastes with a high concentration
and release them into the environment. The pharmaceuticals are discharged directly
into surface water.[3,4].Ciprofloxacin (CIP) is one of the most representative broad-
spectrum fluoroquinolone antibiotics, has been usually used for the treatment of
infectious diseases in humans and animals [5-6]. In addition, ciprofloxacin in water
above certain concentration limits could cause several diseases, such as liver
problems, carcinogenesis, etc. [7]. For this reason, several wastewater treatments have
been proposed to remove organic pollutants efficiently [8-9]. So, last years, different
treatments have been accomplished to remove ciprofloxacin in wastewater. Among
others, ozonation, catalytic wet peroxide oxidation (CWPO), photo-Fenton,
extraction, and adsorption processes [10,11] . Among these technologies, adsorption
is one of the most popular since it is considered adequate, efficient, economical and
used in many real wastewater purification systems.So, considering these statements,
treating micropollutants by clay adsorption has been considered an excellent
alternative to activated carbon. Thus, natural clays is inexpensive materials that can
be found in many continents worldwide and show relatively high specific surface area
values, leading to relevant adsorption capacities [12]. These characteristics indicate
that they are good candidates as adsorbents. Many clays, such as kaolinite,
montmorillonite, sepiolite, bentonite, etc., have been efficiently used as
adsorbents[13].

2. Materials and Methods
2.1.Ciprofloxacin
Principal caracteristics of ciprofloxacin are presented in table 1

Table 1. Characterization of ciprofloxacin.

Purit t.
Chemical Structure Supplier urity (w
%)
V ¢ NH
Ciprofloxacin, N N\) Sigma- > 98.0
CAS n° 85721-33-1 ho. ! i Aldrich =70




2.2. Adsorbents preparation and characterization

The raw clay was collected in the region of Gabes (in the south of Tunisia). It was
ground using an agate mortar and sieved, recovering the particle size fraction below
125 pm. Then, about 50 g of clay is added to 1 L of ultrapure water, and the mixture
was kept under constant stirring (500 rpm) in a rotary blade stirrer for 60 min. Then
the mixture was allowed to stand in a graduated cylinder for several hours.
Subsequently, the upper fraction containing the purified clay was then recovered by
centrifugation and then rewashed four times with ultrapure water until reaching a
neutral pH in the washing water. Finally, the purified clay was oven-dried at 90°C
overnight before being reused.

2.3 Adsorption experiments

Batch adsorption experiments was accomplished by putting in contact the CIP
solution (Co = 50 mg L, 25 mL) with the adsorbent in glass vessels, using a LabMate
orbital shaker at a constant stirring speed (250 rpm) and a controlled temperature (T =
25°C). Samples were collected and filtered for further analysis using 0.45 pm PTFE
filters. The CIP concentration was measured in an Agilent HPLC 1260 Infinity II
chromatograph with a “diode array” detector using a Poroshell 120 EC-C18 column
(4.6 x 150 mm; 4 pm).

The adsorption capacity at giving time can be determined according to Equation 1:

Cep o—C
qt= cip,0—_ “cip,t )

m ads

where q, (mg g) is the adsorption capacity at time t; Ccpo and Ccp. (mg L) are
the initial and time t CIP concentrations, respectively; and m.q (g L™) is the adsorbent
dose used in the adsorption experiments. At equilibrium time, Ct became Ce and qt
became ge

3. Results and Discussion

3.1. Adsorbents characterization

3.1.1. Chemical composition.
The chemical composition of clays may vary depending on their geological source
and formation process. Generally, it was mainly composed of hydrated aluminium
silicate and other minor elements, such as iron or alkali and alkaline-earth metals
[14,15].
As can be observed in Table 2, the chemical composition of el-Hicha clay is
predominantly oxygen (30.22 wt.%), silicon (13.41wt.%), aluminium (5.33 wt.%),



and iron (4.70 wt.%). Additionally, calcium is a one of major elements (2.67 wt. %),
while phosphorus content is significant (2.73 wt.%). The sodium concentration is high
percentage (1.53 wt. %).

Table 2 . Chemical composition of the tested CH-based adsorbent.

Oth
element ol si | Al Ca| Fe P| Na |y €15,

% 30,22 | 13,41 | 5,33 | 2,67 4,70 | 2,73 1,53

As can be observed from Table 3, the surface erea value was 18.1 m? g* with the
total pore volume value of 0.11 cm® g and the verage pore (D.y) of 15.8 nm.

Table 3. Textural properties of the tested clay-based adsorbents.

Parameter Clay el-Hicha

Sger (m* g™) 18.1

Ve X10° (cm?® gt)® 0.72

Vieso (cm® g1) ° 0.11

Viow (cm?® g?) © 0.11

Vicro/ Vrotal (%) 0.68
“Calculated by Dubinin-Radushkevich equation; °Calculated from Vo and Vo
values; “Pores volume at P/P° = 0.99; D, at adsorption average pore width (4 V/

A by BET).
3.2.Adsorption Study

3.2.1. -Time effect

The variation of [Cip] in function of time is illustrated in figure2
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Fig2. Variation of CIP concentration versus time
([Cip] =50mg/L, T=30°C, pH=6, adsorbent dosage = 1g/L))

Figure 2 revealed that CH reached the equilibrium in (420 min) ~7h, achieving a CIP
removal percentage of 80%.

We noticed that concentration of CIP decreades with an increase in time. We can say
that 420 min is the optimal time.

3.2.1.2. Dose adsorbent effect
. Figure 3 shows the variation of the CIP concentration as a function of the clay dose
applied range from 0.052 to 2.40

.We noticed that concentration of CIP decreased with increasing clay dosag until
1.2 g/L.. Within this value, the CIP concentration stilled almost constant. We can say
that 1.2 g/ is the optimal dosage.
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Fig3. Dose adsorbent effect ([Cip] =50mg /L, T=30°C, pH=6)

An adsorbent dose range from 0.052 to 2.40 g L™ was used in the equilibrium
adsorption experiments. In this case, WHEN the optimal dose is 1 g/L. .

3.2.2. Kinetic studies

In terms of adsorption kinetic, CH is showed a very high pharmaceutical removal
percentage (~80%). Thus, the industrial application of these material requires a trade-
off between kinetic and equilibrium adsorption. For the kinetic modeling, two well-
known kinetic models have been considered, including Pseudo-First Order or “PFO”
(eq. 2), Pseudo-Second Order (eq.3).

q, =q, 11-¢ | @

g Kot
q
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q: (mg g*) is the CIP adsorption capacity at any time t; q; (mg g™*) and K; (min™)
are the CIP adsorption capacity at the equilibrium time, and the adsorption rate
constant, respectively, in PFO model; g, (mg g™) and K, (g mg™* min™) are the CIP
adsorption capacity at the equilibrium time and the adsorption rate constant,
respectively, in PSO.

The experimental data was fitted using Origin 2021 software, with the Levenberg—
Marquardt iteration algorithm (figure 4)
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Figure4. Adsorption kinetics of ciprofloxacin at 25 °C, Co =50 mg L™, m=1.0 g L
" V=25 and ultrapure water using the clay-based adsorbent: CH.

The calculated parameters from the slope and the intercept of the obtained straight
line for the two kinetic models are summarized in Table 4, and depicted in Figure 5at
the non linear form.

Table 4. Kinetic model parameters for the ciprofloxacin adsorption onto the clay-
based adsorbents.

Model Parameter Value

Qexp (Mg g7Y) 36.84

PFO q: (mg g™ 34.74




PSO g (mg g™ 35.25

As shown in Table4 , the best fitting among the tested adsorption kinetic models
has been by the pseudo-second order (PSO) model [18].
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Figure 5. Adsorption isotherms of ciprofloxacin at 25 °C ,Co = 50 mg L™, m=1.0 g L
, V=25 and ultrapure water using the clay-based adsorbents: CH (c)

3.2.2. isotherm models

Two models were tested to model the experiment data obtained at
equilibrium ,namely :Freundlich and Langmiur.

Freundlich isotherm is an empirical model that can be used for multilayer adsorption
on heterogeneous active sites. The mathematical model can be shown as:

q =K, C'" @

Where, q. (mg g') is the equilibrium adsorption capacity, C. (mg L") is the
equilibrium adsorbate concentration in the aqueous phase, Kz (L mg') is the
Freundlich model adsorption capacity, and 1/ng is a parameter related to the
adsorption intensity or the adsorbent surface heterogeneity; thus, when, ng>1, the
adsorption process could be considered as favourable.

Dual-site Langmuir model, usually used for multilayer (bilayer) adsorption systems,
can be described by the following equation:



_Lil--l'l .KI C + Lilh.l'.' K {_
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where Qs,u and Qs (mg g*) are the maximum adsorption capacity values on each
monolayer, and K; and K, (L mg™) are the adsorption equilibrium constants related to
the affinity of the adsorbate molecule towards the adsorbent surface.

As can be seen from Table5, the Freundlich adsorption model led to the best fitting
results (with R? value of 0.978), concluding that the active sites in the adsorbent are
non-uniform, characteristic of heterogeneous system.

q.

Model Parameter Clay 3

Qexp (Mg g™) 177.80

Freundlich K (L mg™) 15.946
Dual-site p

Langmuir Qe (Mg £7) 266.12

4. Conclusions

Natural clay collected from Gabes used as alternative adsorbent was revealed as
efficient adsorbents of CIP from the aqueous medium, including environmentally-
relevant water matrices. The textural characterization showed material with low-
moderate specific surface area, characteristic of clay material. The Pseudo-second-
order kinetic model best fit the experimental kinetic data. Moreover, the equilibrium
adsorption capacity value (g = 177.7 mg g') was found for clay el-Hicha, with
multilayer profile adsorption isotherms that best fitted the Freundlich adsorption
model. It was also shown that CIP cationic species possess significant adsorption
affinity compared to zwitterionic and anionic forms, observing a favoured adsorption
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process at solution pH = 6.0.

References

S. Hashemi Safaei, S. Young, Z. Samimi, F. Parvizi, A. Shokrollahi, M. Baniamer,
Technology development for the removal of Covid-19 pharmaceutical active
compounds from water and wastewater: A review, Journal of Environmental
Informatics. 40 (2022).

M. Orttizar, M. Esterhuizen, D.R. Olicén-Hernandez, J. Gonzélez-Lo6pez, E. Aranda,
Pharmaceutical pollution in aquatic environments: A concise review of environmental
impacts and bioremediation systems, Front Microbiol. 13 (2022).

S. Kakiuchi, D.J. Livorsi, E.N. Perencevich, D.J. Diekema, D. Ince, K.
Prasidthrathsint, P. Kinn, K. Percival, B.H. Heintz, M. Goto, Days of antibiotic
spectrum coverage: A novel metric for inpatient antibiotic consumption, Clinical
Infectious Diseases. 75 (2022) 567-576.

R. Wang, Q. Yang, S. Zhang, Y. Hong, M. Zhang, S. Jiang, Trends and correlation of
antibiotic susceptibility and antibiotic consumption at a large teaching hospital in
China (2007-2016): a surveillance study, Ther Clin Risk Manag. (2019) 1019-1027.
L.O. Omuferen, B. Maseko, J.O. Olowoyo, Occurrence of antibiotics in wastewater



(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

11

from hospital and convectional wastewater treatment plants and their impact on the
effluent receiving rivers: current knowledge between 2010 and 2019, Environ Monit
Assess. 194 (2022) 306.

E. Serra-Pérez, C. Ferronato, A. Giroir-Fendler, S. Alvarez-Torrellas, G. Ovejero, J.
Garcia, Highly efficient Ru supported on carbon nanosphere nanoparticles for
ciprofloxacin removal: Effects of operating parameters, degradation pathways, and
kinetic study, Ind Eng Chem Res. 59 (2020) 15515-15530.

J. Singh, A.K. Srivastva, P. Mandal, S. Chandra, D. Dubey, A. Dwivedi, D. Chopra,
A. Tripathi, R.S. Ray, Under ambient UVA exposure, pefloxacin exhibits both
immunomodulatory and genotoxic effects via multiple mechanisms, J Photochem
Photobiol B. 178 (2018) 593-605.

B. Nas, T. Dolu, S. Koyuncu, Behavior and removal of ciprofloxacin and
sulfamethoxazole antibiotics in three different types of full-scale wastewater
treatment plants: a comparative study, Water Air Soil Pollut. 232 (2021) 127.

A. Hom-Diaz, Z.N. Norvill, P. Blanquez, T. Vicent, B. Guieysse, Ciprofloxacin
removal during secondary domestic wastewater treatment in high rate algal ponds,
Chemosphere. 180 (2017) 33-41.

N. Javid, Z. Honarmandrad, M. Malakootian, Ciprofloxacin removal from aqueous
solutions by ozonation with calcium peroxide, Desalination Water Treat. 174 (2020)
178-185.

J.J. Rueda-Marquez, J. Moreno-Andrés, A. Rey, C. Corada-Fernandez, A. Mikola,
M.A. Manzano, I. Levchuk, Post-treatment of real municipal wastewater effluents by
means of granular activated carbon (GAC) based catalytic processes: A focus on
abatement of pharmaceutically active compounds, Water Res. 192 (2021) 116833.

Y. Gou, P. Chen, L. Yang, S. Li, L. Peng, S. Song, Y. Xu, Degradation of
fluoroquinolones in homogeneous and heterogeneous photo-Fenton processes: A
review, Chemosphere. 270 (2021) 129481.

Y. Yu, Y. Sun, Y. Zhou, A. Xu, Y. Xu, F. Huang, Y. Zhang, The behavior of surface
acidity on photo-Fenton degradation of ciprofloxacin over sludge derived carbon:
Performance and mechanism, J Colloid Interface Sci. 597 (2021) 84-93.

P. Gutiérrez-Sanchez, D. Rodriguez-Llorente, P. Navarro, V.I. Agueda, S. Alvarez-
Torrellas, J. Garcia, M. Larriba, Extraction of antibiotics identified in the EU Watch
List 2020 from hospital wastewater using hydrophobic eutectic solvents and
terpenoids, Sep Purif Technol. 282 (2022) 120117.
https://doi.org/https://doi.org/10.1016/j.seppur.2021.120117.

S. Alvarez-Torrellas, J.A. Peres, V. Gil-Alvarez, G. Ovejero, J. Garcia, Effective
adsorption of non-biodegradable pharmaceuticals from hospital wastewater with
different carbon materials, Chemical Engineering Journal. 320 (2017) 319-329.
https://doi.org/10.1016/J.CEJ.2017.03.077.

S. Lin, Z. Zhao, J. Lv, L. Guan, H. Du, S. Liang, Designing a novel metal-organic
framework@ covalent organic framework composite for the selective removal of
fluoroquinolones: Adsorption behaviors and theoretical investigation, Appl Surf Sci.
609 (2023) 155433.

Y. Vieira, M.S. Netto, E.C. Lima, I. Anastopoulos, M.L.S. Oliveira, G.L. Dotto, An



[18]

12

overview of geological originated materials as a trend for adsorption in wastewater
treatment, Geoscience Frontiers. 13 (2022) 101150.

J. Ma, Y. Lei, M.A. Khan, F. Wang, Y. Chu, W. Lei, M. Xia, S. Zhu, Adsorption
properties, kinetics & thermodynamics of tetracycline on carboxymethyl-chitosan
reformed montmorillonite, Int J Biol Macromol. 124 (2019) 557-567.



	1 Introduction
	The pharmaceutical sector could produce antibiotic wastes with a high concentration and release them into the environment. The pharmaceuticals are discharged directly into surface water.[3,4].Ciprofloxacin (CIP) is one of the most representative broad-spectrum fluoroquinolone antibiotics, has been usually used for the treatment of infectious diseases in humans and animals [5–6]. In addition, ciprofloxacin in water above certain concentration limits could cause several diseases, such as liver problems, carcinogenesis, etc. [7]. For this reason, several wastewater treatments have been proposed to remove organic pollutants efficiently [8–9]. So, last years, different treatments have been accomplished to remove ciprofloxacin in wastewater. Among others, ozonation, catalytic wet peroxide oxidation (CWPO), photo-Fenton, extraction, and adsorption processes [10,11] . Among these technologies, adsorption is one of the most popular since it is considered adequate, efficient, economical and used in many real wastewater purification systems.So, considering these statements, treating micropollutants by clay adsorption has been considered an excellent alternative to activated carbon. Thus, natural clays is inexpensive materials that can be found in many continents worldwide and show relatively high specific surface area values, leading to relevant adsorption capacities [12]. These characteristics indicate that they are good candidates as adsorbents. Many clays, such as kaolinite, montmorillonite, sepiolite, bentonite, etc., have been efficiently used as adsorbents[13].
	2. Materials and Methods
	3. Results and Discussion
	3.1. Adsorbents characterization
	3.2.Adsorption Study
	3.2.2. Kinetic studies
	3.2.2. isotherm models

	4. Conclusions

