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Abstract: Chitosan (CS) biosorbent and polyurethane foam (PUF) synthetic sorbent have been utilized to eliminate 

terbinafine hydrochloride (TRB HCl) antifungal drug in its pure and pharmaceutical forms from both contaminated 

aqueous and biological media using a batch process. The experimental conditions for efficient removal of TRB 

HCl for both CS and PUF were optimized depending on various experimental parameters such as the pH of the 

solution, contact periods, initial TRB HCl concentration, and sorbents dosage in the solution. 

SEM, FT-IR, and XRD characterizations were carried out to study the adsorption of a drug by both sorbents. The 

optimum conditions for removing TRB HCl by CS and PUF were achieved at a pH of 8.5 and a contact time of 60 

min at 250 rpm, using 0.4 g for both sorbents. The measured spectrophotometric absorbance at λmax of TRB HCl 

was 242 nm. In addition, the zero-point charge (pHpzc) was determined for the studied sorbents. The pHpzc of the 

surface of sorbents has shown that electrostatic attraction is one of the mechanisms in TRB HCl sorption. The 

adsorption process was modeled using the pseudo-first-order, pseudo-second-order, Elovich, and intraparticle 

diffusion kinetic models. The results indicated that the adsorption of TRB HCl on CS and PUF does follow a 

pseudo-first-order type of reaction kinetics. The adsorption process was modeled using Langmuir and Freundlich 

isotherms. The adsorption data found that the Freundlich isotherm model was more suitable for the PUF sorbent, 

while the Langmuir isotherm model better fit the CS biosorbent. 

Evaluation of the experimental data using the Langmuir equation revealed that the maximum adsorption capacities 

of PUF and CS were 2.807 and 1.2297 mg. g-1, respectively. The solution was also used to estimate TRB HCl in 

its pharmaceutical form, and the assessed recoveries were 97.25 and 98.437% for CS and PUF, respectively. The 

proposed procedure was also validated for other complex mediums by removing TRB HCl from spiked human 

blood plasma. In-silico aquatic toxicity forecast of TRB HCl was also carried out. 

 

Keywords: chitosan biosorbent (CS); polyurethane foam synthetic sorbent (PUF); terbinafine hydrochloride 
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1. Introduction 
 

Significant amounts of harmful pollutants 

continuously enter the food chain, especially via 

contaminated water, and bioaccumulate in the living 

organisms 1,2. For example, the European Executive 

Agency for Health and Consumers (EAHC) has 

previously reported that the annual worldwide 

consumption of drugs is estimated to be about 

100,000 tons/year 3. These drugs are finally being 

discovered in surface and sewage water, soils, sludge, 

and air, affecting the whole ecosystem and, 

consequently, human health, mainly upon long-term 

exposure to low pharmaceuticals 4,5.  

Terbinafine hydrochloride (TRB HCl) [C21H26ClN] is 

a synthetic allylamine antifungal agent 6. Heavy doses 

of TRB HCl can cause several effects, such as allergic 

reactions, breathing difficulties, the closing of the 

throat and swelling of the hips, tongue, face, and liver, 

rashes, changes in vision, and blood problems 7. TRB 

HCl also has long-lasting harmful effects on aquatic 

life under some ecological conditions 8. As an 

example, TRB HCl was detected in the water of India 

wells at concentrations higher than 1 μg.L−1, and it 

was also isolated there from lakes and rivers 9. 

Various methods for determining terbinafine in drugs, 

pharmaceuticals, body fluids, and other biological 

matrices have been previously described 7. Those 

methods include UV-spectrophotometry 10,       
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HPTLC 11,12, voltammetric 13 and non-aqueous 

methods 14, visible spectrophotometry 15, 

spectrofluorimetry 16, electrochemical methods 17, 

capillary electrophoresis 18 and LC/MS 19.  

Amongst the several contaminants-removal 

techniques, sorption is one of the most common 

processes for transferring water contaminants into a 

solid phase because of its efficiency, comparatively 

lower costs, high removal capacity, and ease of 

application 20-23. Biosorbents can be any plant, animal, 

microbial biomass or their derivatives, agriculture 

wastes, and byproducts of industries 24,25. Biosorbents 

have many advantages over traditional adsorbents, 

such as availability, low costs, attractive adsorption 

efficiency, simple operation, good reuse, and the 

absence of the formation of secondary pollutants 26. 

Chitosan (CS) is a natural polymer biosorbent 

composed of randomly distributed β-(1-4)-linked    D-

glucosamine (deacetylated unit) and N-acetyl-D-

glucosamine (acetylated unit) 27. It can be 

commercially produced from chitin, the main 

component of crustacean shells, mostly from shrimp 

processing wastes 28-30. It is an attractive water 

treatment biosorbent with hydrophilic properties and 

nontoxicity, yet it’s environmental-friendly with high 

adsorption capabilities 31,32. Chitosan can effectively 

function as a nontoxic polycationic coagulating agent 

in wastewater treatment 33,34. 

Polyurethane foam (PUF) is a synthetic sorbent for 

solid-phase extraction applications 35.  It can remove 

polar and non-polar pollutants from water because of 

its hydrophobic and oleophilic characteristics 36,37. 

PUF has multiple advantages as a sorbent, including 

high surface area, low cost 38, chemical inertness, 

mechanical strength 39, high porosity, and open-cell 40, 

in addition to its low density 41. Moreover, PUF has a 

significant chemical resistance, thermal stability, and 

the ability to retain various substances within its 

framework 42.  

In this study, chitosan biosorbent (CS) and 

polyurethane foam synthetic sorbent (PUF) has been 

employed for the elimination of terbinafine 

hydrochloride (TRB HCl) from different aqueous 

media. The sorption-influencing parameters, such as 

pH, contact time, initial TRB HCl concentration, 

amount of sorbents, and isotherm modeling studies, 

were investigated. The proposed method was also 

validated for the application on blood plasma as an 

example of complex natural matrices. This study also 

carried out the in-silico computational aquatic toxicity 

forecast of TRB HCl. 

 

2. Materials and Methods 
 

2.1. Instrumentation 

All spectrophotometric measurements of TRB HCl 

were performed using a UV-Visible 

spectrophotometer with a quartz cell. The pH 

measurements were carried out using a pH meter from 

HANNA Instruments. The morphology of both 

sorbents was studied using scanning electron 

microscopy (SEM) before and after the adsorption of 

the TRB HCl drug. Fourier transform-infrared (FT-

IR) spectroscopic characterization and X-ray 

diffraction (XRD) analysis were carried out for free 

and drug-loaded sorbents. 

 
2.2. Reagents and materials 

All chemical reagents were used without prior 

purification. Hydrochloric acid 37% was from 

Panreac Applichem Co. Sodium phosphate 

monobasic, sodium phosphate dibasic, and sodium 

acetate were purchased from Fisher Biotech Co. 

All solutions were prepared with double-distilled 

water. Terbinafine hydrochloride (TRB HCl) was 

obtained from the National Organization for Drug 

Control and Research (NODCAR), Cairo, Egypt. 

The Open-cell polyether-type PUF (d = 31.6 kg.m−3, 

moisture content = 2.7%), was supplied by the 

Egyptian Company for Foam Production, Cairo, 

Egypt. Chitosan was purchased from Al-Alamia 

Company for Chemicals, Cairo, Egypt                      

(d = 0.15 g.mL-1, moisture content = 8.2%). All 

chemicals were obtained from Aldrich Chemical 

Company. 

The pH of the samples was adjusted using acetate and 

phosphate buffer. Stock solutions of TRB HCl        

(100 ppm) were prepared by dissolving 0.25 mg 

diluting to 250 mL by water. All laboratory glassware 

was soaked overnight in chromic acid solution. 

Commercial pharmaceutical samples of TRB HCl 

(Lamifen tablets) produced by Jamjoom 
Pharmaceutical Industries (KSA) were purchased 

from a local provider. 

 

2.3. Blood plasma sample preparation 

A healthy volunteer provided drug-free human blood 

plasma samples. The plasma sample was kept at 37°C 

for 5 min. After adding 2 mL of methanol, the mixture 

was centrifuged for 5 min at 3000 rpm. The 

deproteinized human serum was diluted to 20 mL by 

doubly distilled water 43. Working samples were 

prepared by spiking with concentrations of 5, 30, and 

50 mg.L-1 TRB HCl to attain suitable concentrations 

in plasma, and the acidity was adjusted to a pH of 8.5. 

A blank solution containing all ingredients except the 

drug was analyzed simultaneously using the same 

procedure. The drug content was derived from the 

corresponding regression equation. 

 

2.4. Procedures for tablets 

 The contents of 5 tablets were weighed accurately 

and powdered. Tablets equivalent to 6.45 mg of TRB 

HCl were transferred into a 25 mL volumetric flask, 

and 15 mL of methanol were added.  The mixture was 

sonicated for    20 min, and filtered into a 100 mL 

volumetric flask, and then the volume was completed 

with distilled water. The solution was filtered through 

Whatman filter paper (0.45µm) to obtain the working 
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solution of 65 μg. mL-1 concentration. This extract 

was further diluted with distilled water. The nominal 

content was calculated either from a calibration curve 

or using the corresponding regression equation 44. 

 

2.5. General procedures 

2.5.1. Preparation of PUF 

A mass of 5 g of PUF was cut into uniform shapes      

(1 cm × 1 cm × 3 mm). The PUF pieces were washed 

with acetone and deionized water. The PUF pieces 

were then allowed to dry at room temperature, and 

then they were soaked in 50 mL of 6 M HCl with 

continuous stirring for 120 min. Finally, the PUF 

pieces were washed with deionized water and allowed 

to dry again at room temperature. 

 

2.5.2. Batch technique 

The removal of TRB HCl was carried out using the 

batch technique at room temperature. 0.1g of either 

CS or PUF was mixed with 25 mL TRB HCl (40 ppm) 

and shaken for 30 min at 250 rpm. The CS and PUF 

containing the adsorbed TRB HCl were filtered, and 

the residual amounts of drug were 

spectrophotometrically measured at the λmax of TRB 

HCl (282 nm). The percentage of removal was 

calculated using Eq. 1. 

R% = 100 × (Co-Ct)/Co        Eq. 1 

Where Co is the initial concentration and Ct is the final 

concentration of adsorbate in the liquid phase      

(mg.L-1) 45.  

The effect of pH on the removal of TRB HCl was 

examined within the pH range of 3.6 to 11.0 by adding 

0.1 g of either CS or PUF to12.5 mL of TRB HCl     

(40 ppm) and 2.5 mL of each buffer and shaking for 

30 min. The absorbance of samples was measured 

against a drug-free blank at λmax of the drug.  

The influence of extraction time on sorption capacity 

was investigated at different time intervals                   

(0-100 min) at 250 rpm with adjusting the optimal pH 

of maximum extraction. The effect of sorbent’s 

amount on the removal of TRB HCl from aqueous 

media was studied by adding (0.05-1.5 g) CS or PUF 

to 12.5 ml TRB HCl solution of  40 ppm, with shaking 

for 30 min after adjusting the optimal pH at room 

temperature. The remaining TRB HCl in the solution 

was determined.  

Furthermore, the maximum adsorption capacity of CS 

and PUF was determined under the same batch 

conditions by adding variable concentrations of TRB 

HCl (10-100 ppm). To study the effect of the 

adsorbent recycling; 0.1 g of either CS or PUF was 

added to 12.5 mL of TRB HCl (40 ppm) with 2.5 of 

buffer at the optimum pH value of 8.5 with 10 mL 

deionized water and shaken for 30 min at 250 rpm. 

The concentration of the residual TRB HCl was then 

determined. The CS or PUF were rinsed several times 

using deionized water, and the same procedures were 

repeated for each sorbent. Finally, the surface 

morphology of CS and PUF were characterized using 

the scanning electron microscope (SEM) at an 

accelerating voltage of 15 kV. 

 

2.6. Determination of zero-point charge of the 

sorbents 

Potentiometric titration method 46,47 was used to 

determine the zero-point charge of both CS and PUF 

sorbents. A mass of 0.01 g of sorbents was added to 

20 mL of different buffer solutions and shaken for 4 h 

at 150 rpm until the pH became constant. The pH of 

the suspensions was measured using a digital pH 

meter. The equilibrium pH (ΔpH) was plotted against 

initial pH values to obtain the potentiometric curves. 

The pHpzc was identified as the pH where the 

minimum ΔpH value was obtained 47. 

 

2.7. Computational method: In-silico predictive 

study 

Terbinafine hydrochloride was gauged for its 

forecasted aquatic toxicity by employing the 

admetSAR server: 

 (http://lmmd.ecust.edu.cn/admetsar). 

 

3. Results and Discussion 
 

3.1. Characterizations of Sorbents 

3.1.1. Scanning electron microscopy (SEM) 

characterization 
The morphology of the PUF and CS was examined by 

scanning electron microscopy (SEM) before and after 

adsorption, as shown in Figure 1. It could be seen that 

the CS and PUF were irregular with rough texture 

surfaces and the pores’ structures were not 

homogeneous. Chitosan exhibited a rough membrane-

like morphology 48 as shown in Figure 1(A). After 

adsorption, it was clear that the drug (light area) 

adhered to the chitosan surface, Figure 1(B). At the 

same time, PUF had an open-cell structure, as shown 

in Figure 1(C), where the adsorbate particles can 

freely circulate between the cells since they are 

interconnected to each other 49. After adsorption, the 

drug is accumulated on the inner surface of the porous 

structure, as shown in Figure 1(D). The surface area 

of both adsorbents, as measured by BET was             

197 m2.g-1 for PUF and 2 m2.g-1 for CS. These values 

are matching with the SEM images of both sorbents. 
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Figure 1. SEM images of (A) CS before adsorption and (B) CS after adsorption of TRB HCl, (C) PUF before 

adsorption, and (D) PUF after adsorption of TRB HCl 

 

3.1.2. Fourier transform-infrared (FT-IR) 

spectroscopic characterization 

The FT-IR spectra of CS and CS loaded with TRB 

HCl were observed in the region between 400 and 

4000 cm−1 (Figure 2). 

  

 

Figure 2. The FT-IR spectra for (A) CS, (B) CS loaded with TRB HCl, (C) PUF and (D) PUF loaded with TRB 

HCl 

 

In CS spectra, the peaks at 680, 1090, 1430 cm-1 

indicate NH out-of-plane, C-O, and C-CH2, 

respectively. The bands at 1430 & 1450 cm-1 

correspond to the −CH2COOH group. The spectrum 

also shows some peaks near 1590 & 1650 cm-1 for the 

C=O group of the acetyl groups. The band at            

2920 cm-1 corresponds to NH2 stretch of amide groups 
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& CH2 stretch. Broad peaks, OH bonding groups, and 

−NH3
+ appear at 3500 - 3200 cm-1. 

The NH2 stretching of primary amine occurs at      

3500 - 3300 cm-1 50. Figure 2 shows the FT-IR spectra 

of PUF (C) and PUF loaded with TRB HCl (D). In 

PUF, the symmetric and asymmetric N–H Stretching 

occurs at 3300, and 3350 cm-1, and the medium strong 

peak near 1530 cm-1 indicates NH in-plane. C=O 

Stretching esters and asymmetric stretching vibration 

of C–O (from N–CO–O) appear at 1730 and            

1230 cm-1, respectively. The 930 cm-1 peak 

indicates N–CO–O symmetric stretching. The C=C in 

the benzene ring appears at 1605 cm-1, and the weak 

peaks at 760 - 910 cm-1 are typical for out-of-plane 

bending vibration of C–H in multi-substituted 

benzene ring 51. 

3.1.3. X-ray diffraction (XRD) analysis 

XRD analysis was used to determine the state of 

dispersion of TRB HCl in CS and PUF structures. 

XRD diffraction of the CS and CS loaded with TRB 

HCl are shown in Figures 3(A) and (B), respectively. 

CS crystal structure has a broad peak at 2θ = 20° 52, 

while CS loaded with TRB HCl has shown a decrease 

in the intensity of the peak at  2θ = 20°. 

The PUF has a broad diffraction peak observed at      

2θ = 20°, which indicates the amorphous properties of 

PUF 53, it also records peaks at 2θ = 26°, 44°, and 50°. 

The PUF loaded with TRB HCl, Figure 3(D), has 

shown a decrease in the peak intensity at 2θ = 20° and 

50° compared with PUF, Figure 3(C). 

 

Figure 3. The XRD analysis for (A) CS loaded with TRB HCl, (B) CS, (C) PUF, and (D) PUF loaded with TRB 

HCl 

 

3.2. Determination of Zero-Point Charge (pHpzc) 

To obtain information about the charged surface of CS 

and PUF, a zero-point charge (pHpzc) was 

determined. ΔpH was measured and plotted versus the 

initial pH, and the results are shown in Figure 4.
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Figure 4. Zero-point charge of CS and PUF 

 

The pHZPC values of CS and PUF surfaces were 6.8 

and 7, respectively 47,54. The sorbents will be 

negatively charged at pH above zero-point charge and 

positively charged at pH’s below it 55. The maximum 

removal of TRB HCl onto CS and PUF happens at 

pH’s above the pHzpc. So, it is estimated that the 

sorbent’s surface becomes negatively charged and 

attracts cations drug from the solution. Figure 5 

represents a suggested mechanism of electrostatic 

attraction of TRB with chitosan and PUF 47. 

 

 

Figure 5. A schematic representation of the suggested adsorption mechanism for TRB HCl by (A) PUF and (B) 

CS 

 

3.3. Effect of pH 
The pH plays a vital role in deciding the adsorbent's 

maximum adsorption capacity because it significantly 

controls the adsorbate's removal mechanism and 

influences the adsorbent's adsorption sites 56. The 

effect of pH on the sorption of TRB HCl onto CS and 

PUF was studied using the batch technique. The 

different pH values were plotted against the removal 

percentage, as shown in Figure 6(A). The results have 

shown that the removal of TRB HCl by both CS and 

PUF increases with increasing the pH. At low pH, 

competition from hydronium ions may result in a 

significant reduction in TRB HCl adsorption. In 

addition, the solubility of the drug itself can be 

influenced by changing the pH (from acid to neutral), 

which leads to an increase in the adsorption affinity 

for the sorbent surface. Moreover, the increased 

removal of the drug with the increase in the pH of the  

solution could be attributed to possible changes in the 

surface properties 57. In the case of PUF, hydrogen 

bonds formed between nitrogen atoms present on 

TRB HCl and urethane’s NH, terminal NH2, ether 

oxygen [CH2–O–CH2], and OH groups in PUF. At 

lower pH, nitrogen and oxygen atoms of the PUF tend 

to be protonated, which makes them unable to bond to 

TRB HCl molecules 43. Chitosan has a positive 

charge; it is protonated at pHs below 6.5 58, so the 

lower the pH value is, the more positive charges 

chitosan carries 59 as the repulsion forces with cationic 

TRB ions may lower the absorption capacity. The 

optimum pH to separate TRB HCl from aqueous 

media by CS and PUF from aqueous solution was 8.5. 

In a previous study by Abbasi L. et al. 60 on removing 

TRB HCl from sodium dodecyl sulfate-coated Fe3O4 

nanoparticles, the optimum adsorption was achieved 

at a pH of 2.0. 

 



Mediterr.J.Chem., 2022, 12(2)     S. Ali et al.                155 

 

3.4. Effect of Contact Time 

 Figure 6(B) shows the adsorbed quantity of TRB HCl 

(mg.g-1) at various contact periods for CS and PUF 

sorbents. The adsorption increased with increasing the 

time of shaking from 0 to 60 min, then gradually 

decreased for CS till 100 min, while for PUF, it 

remained almost constant. Although the adsorbed 

quantity was higher at the beginning because a large 

number of active sites was still available on the 

sorbent’s surface, over time, the number of those 

active sites is reduced, and no further adsorption takes 

place 61-63. These results indicate that the optimum 

exposure period is 60 min for the removal by both 

sorbents. In a previous study on removing TRB HCl 

using sodium dodecylsulfate-coated Fe3O4 

nanoparticles 60, a period of 1 min was found to be an 

optimal sorption time. 

 

3.5. Effect of Sorbents Amount 
The effect of removal of TRB HCl (40 ppm) as a 

function of the dosage of both sorbents is shown in 

Figure 6(C). At very high amounts of CS biosorbents; 

the sorption capacity has shown a decreasing trend 

due to the comparatively lower concentration of TRB 

HCl and a large number of the available active sites 

on the sorbent’s surface 64,65. While in the case of 

PUF, it was apparent that by increasing the PUF dose, 

the removal rises to up to 0.4 g in 12.5 mL TRB HCl 

solution. The presence of a high amount of the 

sorbents increases the availability of active sites and 

therefore promotes more excellent removal of TRB 

HCl from the aqueous medium. Increasing the amount 

of the sorbent above a certain amount can cause an 

accumulation of the sorbent’s pieces. This, in turn, 

can quickly reduce their exposed surface area, 

blocking the active sites from binding to TRB HCl 

particles 63. The optimal removal was reached at 0.4 g 

for both sorbents in 12.5 mL TRB HCl. 

 

3.6. Effect of Drug Capacity 

The effect of the initial concentration of the TRB HCl 

is essential for the sorption capacity and hence, for 

sorption effectiveness 66. The removal percentage at 

different concentrations of TRB HCl (10-100 ppm) 

are shown in  Figure 6(D). CS has demonstrated a 

decrease in the removal percentage by increasing the 

concentration of the TRB HCl solution. This might be 

attributed to the low ratio of the initial number of 

adsorbate drug particles to the available surface area 

at a lower concentration. In contrast, at high 

concentrations, the available adsorption sites become 

fewer. The increase in the percentage of removal by 

PUF with an increase in the TRB HCl concentration 

was attributed to the high initial concentration of TRB 

HCl, which accelerates the driving force and reduces 

the resistance to mass transfer. Therefore, increasing 

the initial TRB HCl concentration also improves the 

interaction between the adsorbent and the TRB HCl 

particles in the aqueous solution 67. The results of both 

sorbents indicate that the adsorption depends strongly 

on the initial concentration of the drug. The maximum 

removal of TRB HCl was achieved at 20 and 100 ppm 

concentrations of TRB HCl by CS and PUF, 

respectively. In a previous study on removing TRB 

HCl using sodium dodecylsulfate-coated Fe3O4 

nanoparticles 60, the calibration curve was linear 

within the range of 0.0025 to 0.5 ppm. 

 

 

Figure 6. The effect of: (A) pH, (B) contact time period, (C) dosage of sorbents, and (D) initial concentration of 

TRB HCl 
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3.7. Reusability of Sorbents 
Reusability is one of the essential factors in assessing 

the effectiveness of sorbents. Therefore, the CS and 

PUF to re-adsorb the TRB HCl was examined by 

repeating the experiment under the same ideal 

conditions until reaching the maximum adsorption 

limits. The results have shown that they are stable 

until up to seven cycles of drug adsorption/desorption 

without noticeable degradation in their sorption 

capacities. However, after seven cycles, both sorbents 

have shown a decrease in the TRB HCl removal 

percentage, probably due to the decreased availability 

of active adsorption sites. 

 

3.8. Kinetic Studies 

The adsorption rate of TRB from the aqueous phase 

using CS and PUF can be clarified using the pseudo-

first-order, pseudo-second-order, Elovich, and 

intraparticle diffusion kinetic models. 

 

3.8.1. Pseudo-first-order and pseudo-second-

order kinetic models 

The kinetic models of pseudo-first-order and pseudo-

second-order can be represented by Eq. 2 and 3 68,69 

ln (qe – qt) = ln qe – k1t       Eq. 2 

Where qt and qe represent the sorption capacity at any 

time t and its value at equilibrium (mg.g-1), 

respectively, and k1 (min-1) is the pseudo-first-order 

rate constant of the sorption.  

t/qt = 1/k2q e
2  +  t/qe        Eq. 3 

Where k2 is the rate constant of pseudo-second order 

adsorption [g.(mg.min)-1]. By plotting t/qt vs. t, the 

values of k2 and qe were estimated. 

The pseudo-first-order kinetic model reflects the 

physisorption process, which depends on vacant sites. 

The requirement that theoretically calculates 

equilibrium adsorption capacity (qe theoretical) 

should agree with the experimental adsorption 

capacity (qe experimental) values 70. 

Figure 7(A) shows an agreement between the 

experimental data and the pseudo-first-order model 

outputs for TRB HCl adsorption onto both CS and 

PUF. As shown in Table 1, the correlation coefficients 

(R2) are relatively very high (0.966, 0.994) for CS and 

PUF, respectively, and there is a relatively good 

agreement between qe (theoretical) and qe 

(experimental). 

However, in the pseudo-second-order model, as in 

Figure 7(B), there is no good agreement between the 

calculated and experimental values of qe. This 

indicates poor fitting with the pseudo-second-order 

kinetic model. From the findings, it can be concluded 

that the pseudo-first-order correlation coefficient is 

higher when compared to the pseudo-second-order, 

suggesting that the adsorption of TRB HCl on CS and 

PUF does not follow a pseudo-second-order type of 

reaction kinetics. The kinetic parameters and the 

correlation coefficients (R2) are listed in Table 1. In 

which the correlation coefficient R2 = 0.894, 0.919 for 

CS and PUF, respectively.

 

 

Figure 7. (A) Pseudo first-order and (B) Pseudo second-order kinetic models 

 

3.8.2. Elovich kinetic model  

Elovich kinetic model is used to describe 

chemisorption from Elovich Eq. 4 71: 

qt = (1/β) ln(αβ) + (1/β) ln t      Eq. 4 

Where α is the initial adsorption rate (mg.g-1.min), and 

β is the desorption constant (g.mg-1) The parameters 

of the Elovich equation were estimated by plotting qt 

vs. ln t (Figure 8) and are summarized in Table 1. The 

R-value for PUF is relatively less than the results 

obtained from pseudo-first- and second-order 

kinetics. On the other hand, in the case of CS, the R 

value is somewhat higher than the results obtained 

from both pseudo-first- and second-order kinetic 

models. This indicates that the adsorption process 

obeys Elovich kinetic model, suggesting that the 

adsorption process could probably be chemisorption 

corresponding to the heterogeneous nature of the 

active sites. 
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Figure 8. Elovich kinetic model for the adsorption of TRB HCl by CS and PUF 

 

3.8.3. Intraparticle diffusion kinetic model 

The intraparticle diffusion kinetic model is 

represented by Eq. 5 72: 

qt = Kpt1/2 + C         Eq. 5 

Where p is the intraparticle diffusion rate constant 

(mg.g-1.min-½), C is the intercept of the plot, and K 

indicates the boundary layer effect. A larger intercept 

indicates a more significant contribution of surface 

sorption in the rate-controlling step. The linear 

regression plots of t vs. t1/2 are obtained under the 

optimum condition for TRB HCl sorption onto CS and 

PUF. Figure 9 reveals that internal diffusion has not 

become the rate-limiting step. This deviation in linear 

regression reflects the existence of some boundary 

layer effect 71. Table 1 shows the values of the 

estimated diffusion parameters.

 

 

Figure 9. Intraparticle diffusion model fitted to the adsorption data of TRB HCl by CS and PUF 

 

Table 1. The kinetic parameters and the correlation coefficients of pseudo-first-order, pseudo-second-order, 

Elovich, and intraparticle diffusion models. 

Sorbents 
qe 

(calc) 

Pseudo-first-order Pseudo-second-order 

qe 

(mg.g-1) 
k1 

(min− 1) 
R2 

qe 

(mg.g-1) 
k2 

(g/mg.min− 1) 
R2 

CS 0.991 1.339 0.0235 0.966 1.705 0.065 0.895 

PUF 3.169 4.741 0.0716 0.994 5.995 0.008 0.919 
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To be 

continued 

 

Elovich model Intraparticle diffusion 

𝛂 
(mg/g/min) 

β 

(g.mg-1) 
R2 

K0.5 

(mg/(g

) 

min0.5) 

C R2 

CS 0.8115 1.223 0.993 0.1596 1.9476 0.5493 

PUF 0.1531 0.682 0.991 0.5169 0.0681 0.9885 

 

3.9. Adsorption Isotherm 

Modeling the adsorption isotherm data is an essential 

method of predicting and comparing adsorption 

performance, which is fundamental for optimizing the 

adsorption mechanism pathways, expressing 

adsorbents capabilities, and efficiently designing the 

adsorption systems. 

Langmuir adsorption isotherms were initially 

developed to describe gas-solid phase adsorption. 

However, it has also been widely used for other phase 

systems. This theory relates to homogeneous 

adsorption, and the empirical model assumes that the 

adsorption takes place only in a monolayer that has no 

interaction between the adsorbed molecules 73. The 

linear form of the Langmuir isotherm can be 

represented by Eq. 6. 

Ce/qe = 1/qmb  +  (1/qm)Ce       Eq. 6 

Therefore, the plot of Ce/qe versus Ce gives a straight 

line with a slope equal to 1/qm and intercept equal to 

1/qmb. 

The linear correlation coefficients for the CS and PUF 

sorbents were 0.9821 and 0.9228, respectively. The 

values for qm and b were 1.229 mg.g-1 and             

0.1285 L.mg-1 for CS, and 2.807 mg.g-1 and 0.16035 

L.mg-1 for PUF, respectively. 

Langmuir model shown in Figure 10(A) was obtained 

by plotting Ce/qe against Ce, and the empirical 

parameters of the linear equation are represented in 

Table 2. 

The Freundlich model does not limit adsorption to the 

formation of monolayers and is often used to describe 

heterogeneous surfaces 73. The linear form of the 

Freundlich isotherm is expressed by Eq. 7: 

log qe = log Kf + (1/n)log Ce       Eq. 7 

Where Ce (mg.L-1) and qe (mg.g-1) are the liquid-phase 

concentration and the amount of adsorption of 

adsorbate at equilibrium, respectively. Kf (L-1.mg) and 

n are the Freundlich constants. Freundlich model was 

obtained by plotting log qe against log Ce, as shown in 

Figure 10(B). The linear correlation coefficients for 

the CS and PUF sorbents were 0.9777 and 0.9794, 

respectively. All empirical parameters of the linear 

equation are represented in Table 2. Based on the 

linear correlation coefficient (R2) value, the 

Langmuir model can describe sorption by CS, while 

the Freundlich model can explain PUF.

 

Table 2. Adsorption parameters of Langmuir and Freundlich isotherm models. 

Sorbent 

Langmuir Isotherm Freundlich Isotherm 

qm 

(mg.g-1) 

b 

(L.mg-1) 
R2 RMSE 

Kf 

(L-1.mg) 
n R2 RMSE 

CS 1.2297 0.1285 0.9821 2.3916 0.30255 1.51469 0.9777 0.0859 

PUF 2.807 0.16035 0.9228 1.8471 0.52161 0.48281 0.9794 0.0634 

 

 

Figure 10. (A) Langmuir isotherm model and, (B) Freundlich isotherm model 
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3.10. Analysis of the Pharmaceutical Formulations 

The proposed method has been successfully used to 

determine TRB HCl in its commercial tablet form. 

The results have shown excellent recovery 

percentages, as summarized in Table 3. 

 

Table 3. Recovery percentages of TRB HCl in its pharmaceutical formulations tablets using CS and PUF. 

Sorbents 
Taken 

(µg.mL-1) 
Founda (µg.mL-1) 

Recovery 

(%) 
REb 

CS 32 31.12 97.25 0.0275 

PUF 32 31.5 98.437 0.015625 

a: mean value of five determinations 

b: relative error 

 

3.11. Application on Spiked Human Blood plasma 

The applicability of the proposed was validated for 

application in a more complex natural matrix, human 

blood plasma. The fresh blood plasma samples were 

spiked with TRB HCl at concentration levels of 5, 30, 

50 mg.L–1 to validate the suitability of both CS and 

PUF sorbents in such a complex medium. The results 

are shown in Figure 11 and summarized in Table 4.

 

 

Figure 11. The validation of the method using (A) CS and (B) PUF sorbents for the elimination of TRB HCl 

from human blood plasma 

 

Table 4. The elimination of TRB HCl from human blood plasma using CS and PUF sorbents (method validation). 

Sorbents 
Spiked 

(µg.mL-1) 

Founda 

(µg.mL-1) 

Recovery 

(%) 
REb 

PUF 

5 4.585 91.7 0.415 

30 29.53 98.43 0.47 

50 49.82 99.6 0.18 

CS 

5 4.21 84.2 0.79 

30 28.65 95.5 1.35 

50 49.0 98.0 1.0 

a: mean value of five determinations 

b: relative error 

 

3.12. Comparison with other Methods  

The efficiency of removal (%) of TRB HCl by both 

CS and PUF sorbents has been compared to that of 

other sorbents reported by previous studies, as 

summarized in Table 5. 
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Table 5. Comparison of Removal efficiency of TRB HCl. 

Method Detection Technique Media Sorbent 
Removal 

efficiency% 
Reference 

Extraction HPLC-UVa 

Water 

Urine 

Plasma 

Fe3O4 NPsb 

67 

58 

26 

[60] 

Sorption Spectrophotometric Water βCDc 92 [74] 

Sorption Spectrophotometric 

Water 

 

CS 

PUF 

78 

35 This work 

 
Plasma 

CS 

PUF 

97.25 

98.437 
a high-performance liquid chromatography with ultraviolet/visible detector,  
b Fe3O4 nanoparticles, 
c β-cyclodextrin.  

 

3.13. In-silico Aquatic Toxicity Computational 

Predictions 

The work investigated here was done with the intent 

to remove TRB HCl from aqueous solutions, so it was 

worthy of forecasting the aquatic toxicity of TRB 

HCl. Terbinafine hydrochloride (TRB HCl) has been 

reported as a highly toxic pollutant for aquatic life. Its 

forecasted fish toxicity is 0.1360 (pLC50, mg.L-1), 

while that of tetrahymena pyriformis (the selected 

toxic endpoint) is 1.1784 (pIGC50, µg.L-1). TRB HCl 

emerged as a not-ready biodegradable compound, 

with high FHTM (fathead minnow toxicity) and high 

TPT (tetrahymena pyriformis toxicity) in the 

predictive computational studies. 

 

4. Conclusion 
 

The removal of Terbinafine Hydrochloride (TRB 

HCl) antifungal drug contaminant from aqueous 

media using chitosan (CS) and polyurethane foam 

(PUF) has proven to be an effective, simple, yet low-

cost alternative technique for possible 

decontamination applications of aquatic systems as 

well as complex biological media. Both sorbents have 

successfully removed the TRB HCl drug ions from the 

aqueous medium with optimal removal percentages of 

78 and 35 for CS and PUF, respectively, at optimum 

operating conditions of a pH = 8.5, sorbent’s amount 

of 0.4 g in 12.5 mL TRB HCl (40 ppm), and a 

maximum contact period of 60 min. The results have 

been confirmed using SEM, FT-IR, and XRD 

characterizations. By determining the zero-point 

charge (pHpzc) for the studied sorbents, it was 

obvious that electrostatic attraction is one of the 

mechanisms in TRB HCl sorption. The kinetic studies 

have shown that the adsorption of TRB HCl on CS 

and PUF does follow a pseudo-first-order type of 

reaction kinetics. Langmuir adsorption isotherm 

model indicates that the maximum sorption capacities 

were 1.2297 and 2.807 mg.g-1 for CS and PUF, 

respectively. Based on the linear correlation 

coefficient (R2) value, the Langmuir model can 

describe sorption by CS, while the Freundlich model 

can describe PUF. The proposed method was 

validated by using CS and PUF to remove TRB HCl 

from spiked blood plasma as an example of a complex 

medium. TRB HCl was explored for its aquatic 

toxicity utilizing in-silico computational predictions. 

It became highly toxic for aquatic life, making its 

removal from aquatic systems a high environmental 

priority. 
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