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ABSTRACT. This study investigates the removal of the antiviral drug favipiravir (FPR) from aqueous solutions
using activated carbon through batch adsorption experiments. The effects of initial concentration, pH, adsorbent
dosage, contact time, and temperature on adsorption performance were systematically evaluated. The highest FPR
removal efficiency (91.93%) was achieved at an initial concentration of 30 mg/L, an adsorbent dose of 0.30 g/L, a
contact time of 120 min, a temperature of 20 °C, and pH 3.0. Adsorption kinetics were analyzed using pseudo-first-
order and pseudo-second-order models. The pseudo-second-order model provided the best fit (R? = 0.9999),
indicating that the adsorption process was predominantly governed by surface interactions. Equilibrium data were
evaluated using Langmuir and Freundlich isotherm models. The Langmuir model showed superior agreement with
the experimental data (R? = 0.9982), suggesting monolayer adsorption on a homogeneous surface. Thermodynamic
analysis performed at 20, 35, and 50 °C revealed negative AG® (-8.873 kJ mol*) and AH® (-29.61 kJ mol?) values,
confirming that the adsorption process was spontaneous and exothermic. The negative AS® value
(-70.77 J mol* K1) indicated decreased randomness at the solid—liquid interface. These findings demonstrate the
potential of activated carbon as an effective adsorbent for the removal of favipiravir from water.

KEY WORDS: Favipiravir, Activated carbon, Batch adsorption, Water treatment, Adsorption Kkinetics,
Thermodynamics

INTRODUCTION

Human and animal health services utilize pharmaceuticals to prolong lifespan and enhance quality
of life [1,2]. In recent years, increased consumption of drugs and their release into the environment
has become a global environmental problem [3]. Precise monitoring of pharmaceutical
contamination of water supplies on a global scale is required [2]. Antiviral pharmaceuticals are a
class of drugs that inhibit the growth of pathogens and ultimately treat viral infections [4].
Recently, increasing mortality rates due to viral infections have led to the production and
consumption of ever-increasing quantities of antiviral drugs [5]. These drugs have extensive
application in treating a spectrum of viral infections, including hepatitis, influenza, herpes, and
human immunodeficiency virus (HIV) [4-6]. The presence of these drugs has been detected in
hospital wastewater, domestic wastewater, and pharmaceutical industry wastewater [7].
Therefore, the use of antiviral drugs seriously threatens the quality of water resources intended
for human consumption [8]. The unmetabolized residues of antiviral drugs are predominantly
eliminated by patients through urine or faeces, ultimately entering the sewage system. Scientific
investigations have indicated that up to 60% of the administered dose of antiviral drugs is excreted
by patients [4,6]. Ultimately, antiviral drugs are discharged into the aquatic environment due to
insufficient wastewater treatment facilities [4, 9-11].

Continuous use of drugs has led to an increase in water pollution and has led to adverse effects
such as toxicity, genotoxicity in the ecosystem, endocrine disruption, and development of
resistance to pathogenic microbes [1, 12]. Concurrently, the coexistence of antiviral agents and
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their target viruses in aquatic environments may facilitate the acquisition of drug resistance by
susceptible organisms, thereby contributing to the emergence of novel antiviral resistance in these
environments [13]. Favipiravir (FPR), designed as an antiviral agent targeting viral infections,
belongs to the class of nucleic acid analogs. The systematic names of FPR are 6-Fluoro-3-
hydroxy-2-pyrazinecarboxamide,6-fluoro-3,4-dihydro-3-oxo-2 pyrazinecarboxamide [14].

During the 2019 coronavirus pandemic, FPR demonstrated efficacy as a treatment for
COVID-19, yielding positive outcomes such as elevated discharge rates and reduced necessity for
mechanical ventilation [15,16]. Additionally, patients receiving FPR exhibited a notable increase
in viral clearance rates within the initial two weeks of treatment [17]. The extensive utilization of
FPR during influenza seasons, particularly during the COVID-19 pandemic, has precipitated a
significant environmental concern due to the escalation of pharmaceutical residues across diverse
water matrices [5, 13]. These pharmaceutical pollutants exhibit substantial resistance to
biodegradation [18], and conventional wastewater treatment methodologies inadequately address
their removal [19]. Various treatment technologies, such as the electrochemical advanced
oxidation process, photolysis, photocatalysis, ozonation, membrane bioreactor, and activated
sludge process, have been used to date to remove antiviral drugs from water and wastewater.
While these technologies are effective in removing antiviral drugs from water sources, they have
disadvantages such as high energy consumption, large equipment costs, formation of harmful by-
products, and secondary contamination [20].

Adsorption emerges as a highly competitive method for pharmaceutical removal from
aqueous solutions, owing to the availability of a diverse array of adsorbents, simplicity of
application, and cost-effectiveness [21, 22]. Consequently, a burgeoning interest is developing in
highly efficient, economical, renewable, and readily accessible adsorbents [23]. The literature
review showed that there are no studies on the removal of the antiviral drug FPR from wastewater.

In this study, the adsorption method was used to remove FPR from wastewater. The
parameters affecting the adsorption of FPR on activated carbon were examined in detail, and the
optimum adsorption conditions were determined. Additionally, the adsorption mechanism was
evaluated through isotherm and kinetic studies.

EXPERIMENTAL
Materials

Chemicals used in the study: Favipiravir (> 98.0%), acetonitrile (> 99.9%), methanol (> 99.0%),
ethanol (= 99%), NaOH solution (0.1 N), HCI solution (0.1 N), HsPO, (85%), KH,PO, (> 99.0%),
and activated carbon were purchased from Sigma-Aldrich Chemie (Istanbul, Turkey). The
commercial activated carbon used in this study was used as received from the supplier without
any additional washing or pretreatment.

An HPLC system (Agilent 1260, USA) equipped with an ultraviolet detector and Chemstation
software was used to determine the concentration of FPR in aqueous solutions. A pH meter
(Mettler-Toledo, Switzerland) equipped with a glass electrode was used for pH measurements.
Ultrapure water used in the experimental studies was produced using a water purifier (Merck-
Millipore Milli-Q, USA). Batch adsorption studies were carried out using a shaking water bath
(WITEG WSB-30, Germany).

Method
Characterization of activated carbon
The surface morphology of activated carbon was characterized by scanning electron microscopy

(SEM, Zeiss Sigma 300). Surface area, pore size distribution, and total pore volume of activated
carbon were analyzed using a Micromeritics Gemini VI surface area analyzer.
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Determination of the pHpzc value of activated carbon

The pHpzc value of activated carbon was determined through a series of steps. Initially, a0.1 M
NaCl solution was prepared. Subsequently, 50 mL aliquots of this solution were transferred into
250 mL volumetric flasks. The pH of each flask was adjusted to values of 2, 4, 6, 8, 10, and 12
using either 0.1 M HCl or 0.1 M NaOH solutions. Following pH adjustment, 0.050 g of activated
carbon was added to each flask. The flasks were then placed on a shaker and agitated for a duration
of 48 hours at a constant temperature of 20 °C and a shaking speed of 150 rpm. At the end of 48
hours, each mixture was filtered through white band filter paper, and the pHf values of each
sample were determined with a pH meter, and the ApH versus pHi curve was plotted [24].

Batch adsorption experiments

Batch adsorption experiments were conducted in 250 mL capped flasks, utilizing 50 mL of the
prepared FPR solutions. FPR solutions used in the experimental series were prepared at desired
concentrations by dilution from the 500 mg/L stock solution. Activated carbon was previously
weighed and added to the solution, and then the flasks were introduced into a shaker under a
rotation of 150 rpm. Samples taken after the experiments were filtered through a 0.22 pm injector
tip membrane filter, and the FPR concentrations were measured in HPLC. In the adsorption
experiments, the influence of solution pH (2-12), adsorbent dose (0.2-0.6 g/L), initial
concentration (25-100 mg/L), and temperature (20-50 °C) on the efficiency of FPR removal was
systematically investigated. The pH of the solutions within the range of 2 to 12 was adjusted using
0.1 N HCl and 0.1 N NaOH solutions. All experiments were carried out in three replicates, and
the results were averaged. The amount of FPR adsorbed per unit mass of activated carbon at the
moment of t (q;) and at the moment of equilibrium (ge) was calculated from the following
equations:

Co-C,
q‘:< w ) v M
CO'Ce
9™ ( w ) V @
Additionally, the percentage of FPR adsorbed was calculated using the following equation:
CO'Ce
Removal (%)= <C—) x100 3

0

where Co (Mmg/L) is the initial concentration, Ce (mg/L) is the equilibrium concentration, Ct
(mg/L) is the concentration at time t, V (L) is the solution volume, and w (g) is the mass of
activated carbon [25-27].

Adsorption isotherm modeling

Adsorption isotherms constitute a fundamental component of adsorption investigations, offering
valuable insights into the physical interactions between the adsorbate and adsorbent. Through
isotherm analysis, it becomes feasible to assess and characterize the nature of these interactions,
thereby facilitating a comprehensive understanding of the adsorption process. The experimental
curves were generated under the following conditions: initial concentration of 30 mg/L, pH
adjusted to 3, adsorbent dose of 0.30 g/L, contact time of 120 minutes, and temperature at 293 K.
In the present study, the equilibrium adsorption data were analyzed using the Langmuir and the
Freundlich isotherm models. The experimental adsorption capacity at equilibrium (ge) was
calculated using Equation (2) [25-27].
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In this equation, K. is the Langmuir adsorption constant (L mg™), and g is the monolayer
adsorption capacity of activated carbon (mg g*). The affinity between adsorbate and adsorbent
can be determined with the help of the dimensionless separation factor (R.). Ry is calculated by
the following formula:

1
R =
14K, C,

Q)

Where Co is the initial adsorbate concentration of the solution (mg/L). If the R_ value is greater
than 1, the isotherm shape is unfavorable. If the R value is equal to 1, the isotherm shape is linear.
If the R value is between 0 and 1, the isotherm shape is favorable. If the R, value is equal to 0, it
is irreversible.

1
In qe=anF+H InC, (6)
In this equation, Kr (L mg?) is the Freundlich constant and n is a parameter describing the
favorability of the adsorption process; if n > 1, FPR adsorption on the adsorbent is expected to
occur at high concentrations [28].
Kinetic modeling of the adsorption process
A Kinetics study provides information like reaction order and rate constants, which are important

factors in applying adsorption. The pseudo-first-order (Equation 7) and pseudo-second-order
(Equation 8) models are commonly employed to understand the kinetics of adsorption processes.

ln(qe—qt):ln q, -k t (7
t_ 1 +1 t ®)
q kq? q,

Where k? is the pseudo-first-order adsorption rate constant (1 min™), ge and qt are the adsorption
capacity (mg g?) at equilibrium and time t, k. is the so-called second-order adsorption rate
constant (g mg™ min), respectively [25, 26, 29].

Thermodynamic modeling of the adsorption process

The thermodynamic parameters AH® (molar enthalpy), AS°® (molar entropy), and AG® (molar
Gibbs energy) are crucial in understanding the energetics and spontaneity of adsorption processes.
These parameters can be determined by constructing equilibrium isotherms at different
temperatures and analyzing the data using thermodynamic equations. The Gibbs free energy
change can be determined from the equation given below [25, 26, 30].

AG’=-RTInK, )
In this equation, K is the equilibrium constant, R is the gas constant (8.314 J mol™ K™), and T is
the absolute temperature (K).
q

K== 10

“c (10)
In this equation, C. and e are the equilibrium concentration of FPR in solution (mg L) and on
the adsorbent (mg g), respectively. The ratio ge/Ce was used as an apparent equilibrium constant
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(Ke) to estimate the thermodynamic parameters and compare the adsorption behavior at different
temperatures. The equation given below expresses the relationship between AG®, AH® and AS°:

AG’= AH’-T AS° (11)

After manipulating Equation 9, a linear equation for the calculation of thermodynamic parameters
is obtained.
AG"  AS” AH®
InK,=-— = —-—— (12)
RT R RT

Analytical method and validation

An HPLC method was developed for the quantification of FPR in aqueous solutions. The
conditions of the developed chromatographic method are presented below: In the
chromatographic method, an ODS 3 C18 (250 mm x 4.6 mm i.d., 5 um) column was used for
separation at a constant temperature of 25 °C. The mobile phase was a 10 mM KH,PO, solution
(pH: 2.0 with orthophosphoric acid) and acetonitrile (70:30, V/V). Isocratic elution with a flow
rate of 1.0 mL min and eluent detection was performed at a wavelength of 227 nm using an
ultraviolet detector. The developed analytical method was validated for the parameters "system
suitability, specificity, linearity, precision, accuracy, robustness and sensitivity" according to ICH
Q2 (R1) guidelines [31].

The linearity of the HPLC method was determined by injecting standard solutions in the
concentration range 5-30 mg/L into the HPLC system on three consecutive days. The
chromatographic responses (peak areas) from the instrument were recorded for each concentration
of the standard solutions. A calibration curve was plotted with concentrations on the x-axis and
chromatographic responses (peak areas) on the y-axis. Data from the analytical method were used
for regression analysis using the least squares method. The linearity of the method was determined
by the absolute mean recovery, relative standard deviation and R2 of the calibration curve. The
sensitivity of the HPLC technique was assessed by determining the limits of detection (LOD) and
limits of quantification (LOQ).

RESULTS AND DISCUSSION
Characterization of activated carbon
Activated carbon was characterized by BET and SEM analysis. SEM analysis was utilized to

examine the surface morphology of activated carbon. When the SEM images given in Figure 1
are examined, it is seen that activated carbon has a porous structure of different sizes.
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Figure 1. SEM images of activated carbon.
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According to the results of the BET analysis, it was seen that the activated carbon used in the
study had a surface area of 728.25 m?/g and an average pore size of 3.13 nm and was suitable for
the Type I1 isotherm according to the IUPAC classification. Conforming to the type Il isotherm
classification suggests that the activated carbon possesses specific surface characteristics and pore
structures conducive to efficient adsorption processes, making it suitable for various applications
such as gas purification, wastewater treatment, and solvent recovery [32].

Validation results of the analytical method

A calibration graph was created, plotting peak area values against concentration. The regression
equation, slope, and intercept were computed using the least squares method of linear regression.
The linearity of the method was evaluated by the absolute mean recovery, RSD and R? of the
obtained calibration curve. The results obtained from the validation studies confirmed that the
developed HPLC method was accurate, linear, sensitive, precise, and robust in accordance with
ICH guidelines.

Determination of zero adsorbent charge point (pHpzc)

The zero-charge point (pHpzc) of the activated carbon, which is a crucial concept in understanding
the behavior of adsorbents in solution, was determined. When the pH is lower than pHpzc, the
surface functional groups of the adsorbent are protonated, resulting in a positive surface charge
and making the adsorbent suitable for adsorbing anions. Conversely, when pH is higher than
pHpzc, the surface is deprotonated due to the presence of OH"ions, resulting in a negative surface
charge, and the negative charge makes the adsorbent suitable for adsorbing cations [33]. The
results of the experiment are presented in Figure 2, and the value of pHpzc for the adsorbent was
found to be 8.

2

pH
Figure 2. pH zero charge point of activated carbon (pHpzc).
The effect of pH on adsorption performance
pH can condition both the adsorbent's structure and the adsorbent's surface charge. For this, the
effect of varying pH on adsorption was examined, employing an initial concentration of 30 mg/L,
0.3 g/L of activated carbon, and a contact duration of 120 minutes. The adsorption removal (%)

of FPR onto activated carbon at different pH values is displayed in Figure 3. The best removal
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efficiencies were obtained at pHs lower than pH 3. While the removal efficiency was 92% at pH
3, it was 93% at pH 2 and 94% at pH 1.5. When the results were compared by statistical analysis
of variance (ANOVA), it was observed that there was no significant difference between the
results. The effect of pH on adsorption performance depends on surface charge. As the pH value
decreases, the positive charge density on the surface of the adsorbent increases. However, in the
study conducted by Arzuoglu et al. [34], it was revealed that there is no ionization in the structure
of FPR at low pH values (1-4). Despite not ionizing, FPR still shows increased adsorption onto
the surface of the adsorbent at low pH values. This is attributed to the presence of atoms such as
fluorine, nitrogen, and oxygen in the FPR molecule, which have electron pairs available for
bonding. These atoms can interact with the positively charged surface of the adsorbent, facilitating
the attachment of FPR molecules to the surface. At very low pH values, excess H* ions may
compete with FPR molecules for the available adsorption sites. However, the adsorption
efficiency remained high, suggesting that the favorable interactions between FPR and the
activated carbon surface were stronger than the competitive effect of hydrogen ions.

However, a large amount of acid would need to be added to the wastewater to lower the pH
of the solution to values lower than 3. Since wastewater is usually discharged in the neutral pH
range, and pH 3 can be reached by adding a little acid, pH 3 was chosen for further experiments.

100 %
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. 0
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pH
Figure 3. The effect of pH on FPR Adsorption.

The effect of adsorbent dose on adsorption performance

To investigate the impact of varying adsorbent quantities on the adsorption of FPR, experiments
were conducted using an initial FPR concentration of 30 mg/L at pH 3, a temperature of 20 °C,
and adsorbent doses ranging from 0.10 to 0.50 g/L. When Figure 4 is examined, it can be seen
that the adsorption efficiency increased rapidly from 53.67% to 92.00% from adsorbent dosage
0.10 g/L to 0.30 g/L. Adsorption is fast at the beginning of the process due to the presence of
active free sites. Increasing the adsorbent dose increases the adsorption capacity as it provides
more surface area, but after a certain point, a saturation point can be observed in the adsorption
capacity, meaning that adding more adsorbent dose does not increase the performance [35, 36].
There is not a big difference between 0.30 g/L and 0.50 g/L (99.50%) in the adsorption
efficiencies. The use of more than this amount of activated carbon will increase the treatment
costs. Therefore, the adsorbent dosage was determined as 0.30 g/L.
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Figure 4. The effect of adsorbent dose on adsorption performance.
The effect of initial concentration on adsorption performance

The effect of initial concentration on adsorption was investigated at pH 3, an adsorbent dose of
0.3 g/L, a temperature of 20 °C, a contact time of 120 min, and initial FPR concentrations ranging
from 10 to 50 mg/L. As shown in Figure 5, the FPR removal efficiency decreased slightly from
96.00% to 92.00% when the initial concentration increased from 10 to 30 mg/L. However, a more
pronounced decrease from 92.10% to 66.44% was observed when the initial concentration
increased from 30 to 50 mg/L. This behavior can be attributed to the progressive saturation of the
available adsorption sites on the activated carbon surface. At higher FPR concentrations, the
number of molecules competing for a limited number of active sites increases, leading to a
reduction in the overall removal efficiency. In addition, intermolecular interactions and steric
effects at elevated concentrations may hinder the diffusion of FPR molecules into the porous
structure of activated carbon, thereby further decreasing adsorption performance [37, 38].
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Figure 5. The effect of initial concentration on adsorption performance.
The effect of the contact time on adsorption

In order to determine the interaction time between adsorbate and adsorbent, experiments were
carried out at pH 3, 20 °C, 30 mg/L initial concentration, and 0.3 g/L adsorbent dose, and the
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results are given in Figure 6. According to this, FPR removal occurs rapidly in the first 15 minutes,
continues slightly in the 20 to 90 min range, and is completed in 90 minutes. The FPR
concentration gradient formed between the FPR solution and the activated carbon surface created
a driving force [39]. This led to a rapid mass transfer, as shown in the figure. The removal
efficiency reaches close values starting at 90 minutes and increases from 91.93% to 92.03% at
120 minutes. Statistical analysis (ANOVA, confidence interval 95%) revealed no significant
difference in removal times between 90 and 120 minutes. Thus, the best phase contact time for
the adsorption process was determined as 120 minutes.
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Figure 6. The effect of the contact time on the adsorption performance.

The effect of temperature on adsorption performance

Studies examining the effect of temperature on FPR adsorption were conducted at an initial
concentration of 30 mg/L, an adsorbent dose of 0.3 g/ L at pH 3, a contact time of 120 min, and a
temperature range of 20-50 °C. As seen in Figure 7, the adsorption rate decreased with increasing
temperature, indicating that FPR adsorption is exothermic. Furthermore, the increase in
temperature leads to a decrease in the viscosity of the FPR solution. This, in turn, enhances the
mobility of FPR molecules, reducing the rate of adsorption onto the activated carbon [40].

95
- 6
~90
S
— L4 o~
S 85 g
o o))
(= S
Y s
= 80 2
—e—Removing ——Ce
75 0

290 300 310 320 330
Temperature (K)

Figure 7. The effect of temperature on the adsorption performance.
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Adsorption kinetics

The kinetics of the adsorption process were evaluated using the pseudo-first-order (PFO) and
pseudo-second-order (PSO) models, as depicted in Figure 8, and the kinetic parameters and
correlation coefficients are presented in Table 1(a). PFO and PSO models are used to express the
rate of the adsorption process. The PFO model is based on adsorbent capacity and states that
adsorption occurs via diffusion in a boundary layer, while the PSO model assumes that the
adsorption rate is controlled by interactions between the adsorbate and the adsorbent surface [41].
As shown in Table 1(a), the correlation coefficient of the PSO model (R? = 0.9999) was higher
than that of the PFO model (R? = 0.9874), indicating that the adsorption of FPR onto activated
carbon is best described by the PSO kinetic model. This indicates that the adsorption of FPR
molecules on the adsorbent surface is in accordance with the PSO model. At the same time, the
fact that the experimentally obtained adsorbed amount (qe=92.00 mg g) is very close to the
adsorbed amount (qe=94.00 mg g*) obtained from the PSO rate equation also supports the PSO
model. Therefore, the superior fit of the PSO model suggests that the adsorption rate of FPR onto
activated carbon was mainly governed by surface-related interactions. However, PSO fitting alone
does not provide definitive evidence of chemisorption. In several other investigations concerning
antibiotics adsorbed onto activated carbons, it was observed that the PSO model yielded the most
accurate fit to the experimental data [42, 43].

3.0
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Figure 8. (A) Pseudo-first-order and (B) Pseudo-second-order models (Contact time: 120 min, pH
3, adsorbent dose: 0.30 g/L, initial concentration: 30 mg/L, T: 293 K).
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Adsorption isotherm

In the study, we conducted an isotherm analysis to investigate the interaction between FPR and
the activated carbon adsorbent. Specifically, we utilized the Langmuir and the Freundlich
isotherm models to determine the maximum adsorption capacity and characterize the equilibrium
adsorption isotherms. Langmuir and the Freundlich isotherms are given in Figure 9, and the
parameters obtained from the Langmuir isotherm model are given in Table 1 (b). The correlation
coefficient obtained from the Langmuir isotherm model (R? =0.9982) was higher than that
obtained from the Freundlich model (R?=0.9726). This result indicates that FPR is monolayer
adsorbed to a certain number of active centers on the activated carbon adsorbent surface.
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Figure 9. (A) Langmuir and (B) Freundlich isotherms (initial concentration: 30 mg/L, pH: 3,
adsorbent dose: 0.30 g/L, contact time: 120 min, T: 293 K).

The R constant was calculated as 0.02. The fact that the R, value is between 0 and 1 shows
that the adsorption is suitable for this isotherm. At the same time, the high value of K., which

expresses the affinity of FPR to activated carbon, in the Langmuir isotherm supports that it is
compatible with this isotherm [28].

Bull. Chem. Soc. Ethiop. 2026, 40(10)



2092 Nazan Yilmaz et al.
Thermodynamics of adsorption

Molar Gibbs free energy (AG®), enthalpy (AH®), and entropy (AS®) were calculated with the help
of the data obtained from the Van't Hoff plot and are given in Table 1 (¢). AG® values are negative,
indicating that the adsorption process of FPR on the activated carbon surface occurs
spontaneously [44]. The negative AH® (-29.61 kJ mol™) value indicates that the diffusion and
adsorption of FPR on the activated carbon surface is an exothermic process. The AH® value of
—29.61 kJ mol™" suggests that the adsorption process is predominantly physical in nature [45].
Moreover, the negative value of AS® (-70.77 J mol* K*) confirmed the decrease of randomness
at the interface of activated carbon and FPR. This decrease in randomness typically occurs
because the molecules become more organized and ordered as they adhere to the surface [46].

Table 1. Kinetic parameters (a), isotherm parameters (b), and thermodynamic parameters (c) for the
adsorption of favipiravir onto activated carbon.

a) Parameters of thg kinetic model for the b) Parameters of isotherm models
adsorption process
Kinetic Parameter Value Isotherm Parameter Value
model Model
ki (min't) 0.0340 gmax (Mg g1 74.07
Calculated ge(mg g4 19.56 . KL (L mgh 1.9014
PFO Experimental ge (mg g%) 92.00 Langmuir RL 0.02
R? 0.9874 R? 0.9982
ka2 (g mg™* min?) 0.0055 Ke(mg.g?) (L.mgH)¥ | 214.70
PSO C_:alculated Qe _ 94.34 Freundlich n 6.7889
Experimental ge (mg g™*) 92.00 R? 0.9726
R? 0.9999 )
¢)Thermodynamic parameters of the adsorption process
Parameters AG? AH? AS’
(kJ mol?) (kJ molt) (J mol*KY)
Temperature (K) 293 308 323
- 8.873 -7.811 -6.750 -29.61 -70.77

CONCLUSIONS

The aim of this study was to remove the antiviral FPR from synthetic wastewater. After
investigating the adsorption processes of this pharmaceutical product by commercial activated
carbon, the adsorption process was shown to be an effective method for the removal of FPR
contaminated wastewater. Under optimum operating conditions (Co: 30 mg/L, temperature: 20
°C, pH 3, adsorbent dose: 0.30 g/L, contact time: 120 min.), the adsorption efficiency was
determined as 91.93%. The developed process has the capacity to remove most of the FPR
discharged to domestic and hospital wastewater at the source. Langmuir isotherm and pseudo-
second-order Kinetic models are in agreement with our experimental data. Our thermodynamic
studies showed that the adsorption of FPR onto activated carbon is spontaneous, exothermic, and
predominantly governed by physical interactions. The developed process is shown to be
effectively applicable for the treatment of FPR-containing waters such as hospital wastewater and
pharmaceutical industrial wastewater.
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