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a b s t r a c t
An environmentally safe, economic, yet simple approach was presented in this study for the removal 
of the traces of guaifenesin (GUA) and amprolium (AMP) drugs from wastewater using chitosan 
(CS) biopolymer. The removal capacity was investigated under several variables including pH, 
contact time, adsorbent dose, and drug capacity. The study of adsorption isotherm models demon-
strates that Langmuir model is more likely to illustrate the adsorption process more than Freundlich 
with correlation coefficient (R2) of 0.984 and 0.994 with (qm) of 2.78 and 1.33 for both GUA and AMP, 
respectively. Four kinetic models were assessed for the adsorption process. The results indicate that 
the adsorption system follows the pseudo-second-order model which was confirmed by its higher 
correlation coefficient (R2  ≈  0.99)  for  both  GUA  and AMP,  suggesting  that  chemical  adsorption  is 
the rate-limiting step of the adsorption mechanism. Thermodynamic studies were carried out to 
determine ΔH°, ΔG°, ΔS°. The positive values of ΔH°  and ΔG° indicated that the sorption of both 
drugs onto CS is an endothermic nonspontaneous and the system gained energy from an external  
source.
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1. Introduction

The treatment of wastewater from pollutants such as 
pharmaceuticals and personal care products (PPCPs) is 
a major challenge for many countries around the world 
to meet the growing need for agricultural and indus-
trial development. Pharmaceutical compounds have been 
detected in environmental samples with concentration 
levels ranging between ng/L to mg/L [1]. It is known that 
the prolonged exposure to antibiotics residues in water 

makes them inactive or less effective, in addition to the 
severe health issues for both humans and animals [2–4]. 
Guaifenesin (GUA) [3-(2-methoxyphenoxy)-1,2-propane-
diol], is a pharmaceutical compound used for the treat-
ment of cough, asthma, gout, muscle relaxant and rhinitis 
[5,6]. GUA has a high solubility in water, and therefore, its 
presence in water and wastewater is highly probable [7]. 
Amprolium (AMP) [5-(2-methylpyridin-1-ium-1-yl) meth-
yl-2-propyl-pyrimidin-4-amine chloride] is a veterinary 
drug used for farm animals [8]. It is used for the prevention 
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of coccidiosis that specially affects poultry, which is able 
to outbreak through the whole population of the field in a 
short period of time in case of the absence of control [9,10]. 
Therefore, poultry should be routinely given food contain-
ing the amprolium drug to prevent the spread out of this 
disease. For this reason, amprolium residues can commonly 
be detected in poultry products [11].

Residual veterinary drugs and pharmaceutical com-
pounds (PCs) in wastewater, surface water and soil envi-
ronments may facilitate the spread of antibiotics-resistant 
bacteria and eventually impair the clinical or veterinary 
efficacy of antibiotics [12–14]. These compounds are increas-
ingly detected in wastewater in large quantities because of 
the population growth, the health development, agricul-
tural and industrial activities. Therefore, various techniques 
were developed for the treatment and removal of (PCs) 
from wastewater. These techniques include chemical meth-
ods such as advanced oxidation processes (Fenton reagent, 
ozonation), physical methods such as ion exchange and 
adsorption, and biological methods like aerobic degradation 
and electrocoagulation [15–20].

Adsorption is one of the most extensively used approaches 
for wastewater treatment from organic and inorganic pol-
lutants, it has several advantages over the other methods 
like its low cost, simple design, availability of adsorbents, 
high efficiency and reusability [21]. There are two types of 
adsorbents, natural adsorbents and synthetic adsorbents. 
Synthetic adsorbents are widely used as polymeric media to 
extract pollutants from wastewater due to its high adsorption 
capacity, chemical stability and strength [22]. Natural adsor-
bents include clays, charcoal, zeolites, sawdust, straw, clay 
minerals, rice husk, bark, and cotton waste [23–27]. These 
natural adsorbents are commonly cheap, available, have 
a good sorption property, able to remove pollutants with 
short contact period, simple to design, easy to operate and 
can handle pollutants without generating toxic by-products.

Chitosan (CS) is the most dominant biopolymer in nature 
after cellulose. It was found to be one of the most effective 
materials for adsorption applications. it is used to adsorb 
dyes, metal complexes, metal ions, phenols, and drugs and 
it has the advantage of higher antibacterial activity and 
lower toxicity [28–31].

This work aims to investigate the suitability and effec-
tiveness of a cheap environmental-friendly sorbent material 
for the removal of guaifenesin (GUA) and amprolium (AMP) 
drug traces from aqueous media for possible application in 
environmental remediation of polluted water bodies. The 
natural biosorbent chitosan (CS) was tested for the removal 
of both guaifenesin (GUA) and amprolium (AMP) drugs 
from aqueous media. Several parameters were studied to 
investigate the ability of (CS) for removing these drugs from 
wastewater including pH, temperature, shaking time, adsor-
bent mass, and drug capacity. The adsorption isotherm mod-
els, kinetic models as well as thermodynamic studies were 
carried out for the removal of both drugs using chitosan.

2. Experimental set-up

2.1. Materials

Guaifenesin drug (GUA) was purchased from TCI (Tokyo 
Chemical Industry Co., Ltd.) and amprolium (AMP) drug 

was provided by NODCAR (The National Organization for 
Drug Control and Research, Egypt). Both drugs were pre-
pared in solutions of 100 ppm for further study. Chitosan 
(CS) (d = 0.15 g/mL, moisture content = 8.2%) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). The applied 
chitosan had a deacetylation degree of 70%–85%.

2.2. Instrumentation

The pH of working solutions was measured using a 
pH meter (HANNA-Instruments HI 2211, Italy) that was 
calibrated against a standard buffer. An automated shaker 
(Stuart orbital shaker I SSL1 I) was used to equilibrate 
adsorption experiments. Spectrophotometric measurements 
were done on UV-Vis spectrophotometer (Thrmoscientific 
Genesys 10S). The surface functional groups of modified 
chitosan were confirmed using Fourier-transform infra-
red spectrometer (FTIR) (FTIR-8400S Shimadzu), scanning 
electron microscopy (SEM) (Joel, 1400, Japan).

2.3. Methods

For the preparation of stock solutions, 0.01 g of each 
drug was completely dissolved in 10 mL measuring flask 
with distilled water to reach the concentration of 100 ppm. 
For the construction of the calibration curves, a series of 
standard solutions (5.0–60 ppm) were made by appropri-
ate dilution. The absorbance of each standard solution was 
measured at λmax = 275 nm and λmax = 265 nm for GUA and 
AMP drugs, respectively.

2.4. Adsorption study

Batch equilibrium methods were used to study the 
adsorption process at room temperature. The required 
concentrations of both drugs were obtained by appropri-
ate dilution of stock solution (100 ppm). Batch experiments 
were conducted by placing variable amounts of chitosan in 
a 10 mL Erlenmeyer flask with adequate volumes of aque-
ous solution of drugs (10 ppm). The mixture was agitated 
at constant speed of 200 rpm by an automated shaker. The 
remaining drug concentration was measured spectrophoto-
metrically. The pH effect on the uptake of drugs was deter-
mined in pH range of (4.5–8.0) using 0.02 g of chitosan and 
10 ppm of the drug solution, then the solution was shaken 
for 30 min to maintain equilibrium. To attain the desired 
pH, acetate and phosphate buffer was used. To assess the 
effect of shaking time on the adsorption process, 0.02 g of 
chitosan was introduced to 5 mL of each drug (10 ppm) at 
pH of 5.0 with shaking at different time intervals (0–120 min). 
For studying the influence of temperature from (25°C–80°C), 
0.02 g of chitosan was added to 5 mL of each drug (10 ppm) 
solution at pH of 5.0 and shaking for 30 min. To test the 
effect of sorbent amount on the removal of drugs, different 
amounts of chitosan (0.02–0.2 g) were added to the drug 
solutions (10 ppm) at pH of 5.0 and shaking time of 30 min. 
The effects of initial drugs concentration on adsorption 
were studied in the range from 10 to 100 ppm at pH 5.0 for 
30 min. The drugs concentration in the remaining solution 
was estimated spectrophotometrically. Eq. (1) was used to 
calculate the removal percentage of the adsorbed drug:
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where C0 and Ce represent initial and final concentrations 
of the drug, respectively. The quantity of adsorbed par-
ticles per 1 g of adsorbent (qe) is determined using Eq. (2):
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�� �0  (2)

where V and m are the volume used in liters and the mass 
of chitosan in grams, respectively.

3. Results and discussions

3.1. Characterization

3.1.1. Morphological characterization by SEM

The morphology of the CS before and after the adsorp-
tion of both GUA and AMP drugs was examined by SEM 
as shown in Fig. 1. Chitosan exhibited a rough nonporous, 
smooth membranous phase consisting of micro-fibrils, ori-
fices dome shaped [32,33] and smooth surfaces provide a 
high area for the adsorption. After adsorption, the GUA and 
AMP adhered to the surface of chitosan, this is shown as 
white areas in SEM images. The surface of the CS became 
denser and rougher after adsorption of GUA and AMP, 
which contain functional groups that control the adsorption 
process [34]. The surface area of CS sorbent was measured 
by Brunauer–Emmett–Teller and was found to be 2 m2/g. 
These values are matching with the SEM images.

3.1.2. Fourier transform-infrared spectroscopic analysis

FTIR spectroscopy was used to identify the charac-
teristic vibrational modes for chitosan and to confirm the 
successful adsorption of both drugs onto its surface. Fig. 2 
represents the FTIR spectra for chitosan before and after the 
adsorption of GUA and AMP. The FTIR spectrum for pris-
tine chitosan Fig. 2a shows a broad band at 3,440 cm–1, which 
is attributed to O–H/N–H groups. The peaks that appear in 
the range of 2,870–2,920 cm–1 are related to CH2/CH3 groups. 
The bands at 1,656 and 1,557 cm–1 are assigned to amide I 
and amino groups, respectively. In addition, the bands at 
1,376; 1,060 and 600 cm–1 refer to vibrational modes of C–N, 

C–O, and C–H of aromatic rings, respectively [35,36]. Fig. 2b 
and c show the FTIR spectrum of chitosan after adsorption 
of AMP and GUA, respectively. It can be clearly seen that 
there are significant changes in the infrared spectrum of 
chitosan after adsorption of both drugs such as the band at 
3,440 cm–1 that is shifted to 3,430 and 3,311 cm–1 for AMP and 
GUA, respectively. Furthermore, the peaks at 1,656; 1,557; 
1,060 and 600 cm–1 are slightly shifted and/or decreased 
in intensity after the adsorption of both drugs which con-
firms the interaction with chitosan [35,37]. The FTIR spec-
tra of the parent drugs were examined to further confirm 
the interaction between both drugs and chitosan. Fig. 2d 
shows the FTIR of (AMP) it shows a small broad peak at 
3,200 cm–1 related to N–H stretches for primary amine. The 
characteristic bands at 2,999; 2,625; 1,680 and 1,270 cm–1 for 
C–H (sp3) vibration, quaternary ammonium salt, C=C of 
the benzene ring, and C–N stretch, respectively [38]. FTIR 
spectrum of GUA is shown in Fig. 2e and it consists of the 
characteristic peaks at 3,448; 3,111 and 1,730 cm–1 and the 
peaks in the range 1,250–860 cm–1 correspond to O–H, C–H 
stretching, C=O, and C–H bending, respectively [39].

It can be observed that there are significant changes 
on the FTIR spectra of GUA and AMP after adsorption by 
chitosan confirming the interaction between both drugs 

 

Fig. 1. Scanning electron microscopy images of: (a) chitosan, (b) chitosan after adsorption of amprolium, and (c) chitosan after 
adsorption of guaifenesin.
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Fig. 2. Fourier-transform infrared spectra for (a) chitosan, 
(b) chitosan after adsorption of amprolium, and (c) chitosan after 
adsorption of guaifenesin, (d) amprolium, (e) guaifenesin.
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and chitosan. The suggested mechanism of adsorption is 
shown in Fig. 3.

3.2. Effect of pH

The effect of pH on the removal of both drugs by CS 
was investigated within a pH range of 4.5–8.0. Fig. 4a shows 
pH effect on the uptake of GUA and AMP. It can be seen 

that pH has almost no influence on the uptake of GUA 
with percentage removal of approximately 52% since the 
pKa for GUA is 13.62, which means that it is neutral over 
a wide range of pH [41]. However, the removal of AMP 
increases from pH 4.5–6.0 to reach its maximum at pH 6.0 
to be 26% then remains constant from pH 6.0–8.0. AMP 
has two charged groups within its structure. The first one 
is (NH4

+) group that is pH independent, whereas the sec-
ond amino which is located in the pyrimidine ring has pKa 
value of 5.3. At lower pH, AMP molecule is doubly charged 
(AMP++) which in turn increases the electrostatic repul-
sion effect between protonate chitosan (zero-point charge 
to 6.8) [35], while at higher pH, the adsorption uptake 
slightly increased as a consequence of the decrease in the 
charge of the AMP molecule which is almost singly charged 
AMP+ [42]. Furthermore, the ammonium group of AMP 
can be coordinated to the hydroxyl group of chitosan [43]. 
Accordingly, pH 6.0 was selected for all subsequent mea-
surements of GUA and AMP drugs.

3.3. Effect of shaking time

Fig. 4b shows the effect of shaking time on the uptake 
of GUA and AMP drugs. The effect of shaking time was 
studied at time intervals between 0 to 120 min. The maxi-
mum removal percentage for GUA and AMP after a period 
of 60 min was found to be 95% and 79%, respectively. The 
percentage of GUA adsorption has increased from 47.3% 
to 91.7% after 60 min while that of AMP has increased 
from 66.7% to 78.3% after 45 min, after which, no further 
increase was observed, probably due to the decrease in 
the number of available free sites. For this reason, 60 min 
was considered as the best sorbent exposure time for both  
drugs.

 

Fig. 3. Chemical structure of chitosan sorbent, guaifenesin and 
amprolium drugs with the suggested adsorption mechanism.

 

Fig. 4. Effect of: (a) pH, (b) shaking time, (c) sorbent dose, and (d) initial drug concentration on the removal of guaifenesin and 
amprolium drugs by chitosan sorbent.
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3.4. Effect of sorbent dose on the sorption capacity

The effect of sorbent dose was studied using a variable 
amount in the range of 0.02–0.2 g and keeping all other 
parameters constant. Both drugs have demonstrated similar 
results as shown in Fig. 4c. The ability to adsorb drugs has 
decreased with increasing the adsorbent dose. An amount 
of 0.02 g of the CS sorbent has given the optimum adsorp-
tion capacity, this could be attributed to the overlapping of 
active sites due to sorbent particles overcrowding [44,45]. 
In addition, the decrease of the quantity of adsorbed par-
ticles per 1.0 g of sorbent (qe) can be attributed to the scat-
tering effect of the diffusion between adsorbates, which 
contributes to a decrease in the amount of drug adsorbed 
to the unit mass of the CS sorbent [45].

3.5. Effect of drug capacity

Drug capacity have a great impact on the adsorption 
process. The initial drug concentration effect was investi-
gated using the concentration range of 10–100 ppm and the 
results are represented in Fig. 4d. The results show a decrease 
in the removal percentage with increasing drug concentra-
tion. The maximum removal percentage was found to be 
36% and 28% for GUA and AMP, respectively, at a drug 
concentration of 10 ppm. The explanations for such behav-
ior might be due to the increased mobility of drug particles 
in dilute solutions, leading increased interaction between 
adsorbed particles and the adsorbent [46]. Another explana-
tion for these results is the accessibility of adsorption sites 
on the adsorbent surface. When the drug concentration is 
low, there will be available adequate adsorption sites for 
drug molecules, while at higher concentrations, the available 
active sites are limited and would have become saturated 
which induces a decrease in removal [47,48]. Even though, 
the removal percentage of the drugs decreases as the ini-
tial drug concentration increases, the adsorption capacity 
(qe) increased as represented in Fig. 5. It may be ascribed to 
the fact that as the drug concentration increases; the diffu-
sion resistance decreases and the probability of collision 
among the adsorbate molecules and adsorbent surface 
increases, which resulted in the usage of the most active 
sites available for adsorption, indicating a greater adsorption  
capacity [49–51].

3.6. Adsorption isotherm

Adsorption isotherm models of Langmuir and Freundlich 
were applied to assess the efficiency of chitosan for the 
removal of GUA and AMP drugs. Langmuir isotherm shows 
that the surface of sorbent is homogenous, and the sorp-
tion process took place as a monolayer adsorption. Eq. (3) 
represents the linear form of Langmuir model [52,53]:

C
q q

C
q K

e

e m
e

m L

� �
1 1

�
 (3)

where qm (mg/g), KL (L/mg) is the maximum adsorption 
capacity, and Langmuir constant, respectively [54].

Fig. 6a shows the linear fitting for the plot of Ce/qe against 
Ce, the Langmuir parameters and the correlation coeffi-
cient are listed in Table 1.

The Freundlich isotherm assumes that the interaction 
between liquid and solid phase depends on multilayer 
adsorption, that is, heterogeneous surface. Eq. (4) represents 
the linear form of Freundlich isotherm model:

 
Fig. 5. Effect of the drugs initial concentration on the adsorp-
tion capacity.

Fig. 6. Adsorption isotherm models for the removal of guaifenesin and amprolium by chitosan: (a) Langmuir and (b) Freundlich 
model.
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where Kf (mg/g) and (n) refer to Freundlich constant and 
Freundlich exponent, respectively as (n) describes the rel-
ative distribution of energy and the heterogeneous nature 
of adsorbent surface. Kf and 1/n values were estimated 
from the plot of log(qe) against log(Ce) in Fig. 6b with the 
respective correlation coefficient listed in Table 1. Langmuir 
model gives the best fitting correlation to the experimental 
data. It can be observed from the results that Langmuir iso-
therm is able to describe the adsorption process more than 
Freundlich with correlation coefficient R2 = 0.984, 0.994 
and the qm is 2.78, 1.33 for GUA and AMP, respectively. 
The magnitude of the exponent 1/n gives an indication of 
the favorability of adsorption. The value of n > 1 represents 
favorable adsorption condition. The value of 1/n within the 
range of 1–10 confirms the favorable condition for adsorp-
tion. These results infer that the adsorption process of 
both drugs may be described as a monolayer adsorption 
on chitosan surface [55].

3.7. Kinetics studies

To analyze the adsorption mechanism of the uptake of 
GUA and AMP by CS sorbent, the experimental results were 
evaluated using pseudo-first-order, pseudo-second-order, 
Elovich, and intraparticle diffusion kinetic models.

3.7.1. Pseudo-first-order and pseudo-second-order 
kinetic models

The pseudo-first-order and pseudo-second-order kinetic 
models can be represented by Eqs. (5) and (6), respec-
tively [56,57]:

log log
.

q q q
k

te t e�� � � � 1

2 303
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�
� �

�
1

2
2
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where qe and qt are the amount of adsorbed particles per 
1.0 g of chitosan (mg/g) at equilibrium and at any time t, 
respectively, k1 (min−1) and k2 (g/mg min) are the rate con-
stants for pseudo-first-order and pseudo-second-order 
reactions, respectively. Fig. 7a and b show the linear fit of 
the experimental data to Eqs. (5) and (6), respectively, and 
the slope and intercept were used to calculate the kinetic 
parameters for GUA and AMP and are listed in Table 2 
with their corresponding correlation coefficients (R2).

From these results, and based on the value of correla-
tion coefficient (R2 > 0.99) for GUA drug, the adsorption 
process can be interpreted by pseudo-second-order kinetic 
model rather than pseudo-second-order model, suggest-
ing that the rate-determining step depends on the concen-
trations of both adsorbate and adsorbent [59], which means 
that chemical adsorption was the rate-limiting step of 
the adsorption mechanism [60].

As for AMP drug, although the R2 is significantly high 
for pseudo-first-order model (0.962), its value still higher 
for the pseudo-second-order model (0.992), which makes 
the later a suggested model for the adsorption of AMP on 
CS, meaning that chemical adsorption is most probably the 
rate-limiting step of the adsorption process [60].

3.7.2. Elovich kinetic model

The Elovich kinetic models is usually applied for study-
ing of chemisorption on highly heterogeneous adsorbents, 

 
Fig. 7. (a) Pseudo-first-order and (b) pseudo-second-order kinetic models for removal of guaifenesin and amprolium by chitosan.

Table 1
Langmuir and Freundlich parameters for guaifenesin and amprolium removal by chitosan

Drugs Langmuir model Freundlich model

qm (mg/g) KL (L/mg) R2 Kf n R2

Guaifenesin 2.78 0.100 0.984 0.100 1.06 0.811
Amprolium 1.33 0.186 0.994 0.159 0.835 0.987
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it’s based on the Elovich Eq. (7). It describes the process of 
chemisorption of sorbates molecules on a solid surface with-
out desorption of the substance, the rates may decrease 
with time due to an increase in surface coverage [61]:

q tt � � � �1 1
�

��
�

ln ln  (7)

where α is the initial adsorption rate (mg/g·min) and β is the 
desorption constant (g/mg). The parameters of the Elovich 
equation are summarized in Table 2. The Elovich kinetic 
model for the adsorption of both drugs by CS is represented 
in Fig. 8.

This kinetic model also explain that the adsorption 
process could probably be chemisorption corresponding 
to the heterogeneous nature of the active sites. R2 value of 
GUA = 0.609 and for AMP = 0.865, these values are relatively 

lower than the values obtained from pseudo-second-order 
kinetic model.

3.7.3. Intraparticle diffusion kinetic model

The intraparticle diffusion kinetic model can be repre-
sented by Eq. (8) [62]:

q K t Ct p� �1 2/  (8)

where p is intraparticle diffusion rate constant (mg/g·min–1/2) 
and C is intercept of the plot, K indicates the bound-
ary layer effect. The linear regression plots of t vs. t1/2 is 
obtained under the optimum condition for drugs sorption 
onto CS. The deviation from the origin in Fig. 9 reveals the 
existence of some boundary layer effect.

Table 2
Summary of the kinetic parameters and R2 values of pseudo-first-order, pseudo-second-order, Elovich, and intraparticle diffusion 
models interpreted for adsorption of guaifenesin and amprolium by chitosan

Drugs Pseudo-first-order Pseudo-second-order Elovich model Intraparticle diffusion

qe 
(mg/g)

k1 (min–1) R2 qe 
(mg/g)

k2 
(g/mg·min)

R2 α 
(mg/g·min)

β 
(g/mg)

R2 K0.5 
(mg/g·min0.5)

C R2

Guaifenesin 1.97 1.86 × 10–3 0.555 1.032 0.57 0.995 0.018 1.277 0.609 0.085 0.447 0.938
Amprolium 0.94 0.53 0.962 1.898 1.25 0.992 1.9 × 1015 8.4 0.865 0.134 0.588 0.944

 

Fig. 8. Elovich kinetic model for the adsorption of (a) guaifenesin and (b) amprolium drugs by chitosan.

 

Fig. 9. Intraparticle diffusion model fitted to the adsorption data of for the adsorption of (a) guaifenesin and (b) amprolium drugs 
by chitosan.
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Table 2 shows the intraparticle diffusion parameters 
for adsorption. Although the R2 value for intraparticle dif-
fusion model are significantly high for both drugs (0.938 
and 0.944 for GUA and AMP drugs, respectively); it’s still 
lower than the R2 values for pseudo-second-order (0.995 and 
0.992 for GUA and AMP drugs, respectively) which means 
that the adsorption is not intraparticle diffusion-controlled.

3.8. Thermodynamics studies

Gibbs equation and the Van’t Hoff equation are used 
to evaluate thermodynamic parameters, such as Gibbs free 
energy (ΔG°), entropy (ΔS°), and enthalpy (ΔH°), were eval-
uated using Eqs. (9)–(11). The values of these parameters 
are listed in Table 3:

�G RT Kc� � � ln  (9)

lnK S
R

H
RTc �

�
�

�� �  (10)

� � �G H T S� � � � �  (11)

where R represents the universal gas constant 
(8.3145 × 10–3 kJ/mol·K), Kc (Cad/Ce) represents the distribution 

coefficient for the sorption, Cad (mg/L) is the amount of drug 
adsorbed on the sorbent at equilibrium, and T is the tem-
perature in K.

A plot of straight line has been obtained (as shown in 
Fig. 10) representing the relation between lnKc and 1/T.

The  positive  values  of  ΔG° reflect the nonspontaneous 
nature of this adsorption process. The positive values of 
ΔH° indicate that the adsorption process was endothermic 
process  and  positive  value  of  ΔS° implied the increasing 
randomness at the solid surface during the adsorption of 
the drugs on CS (ΔS° > 0 for spontaneous process) [63,64].

 

Fig. 10. A thermodynamic plot of lnKc against 1/T for sorption of (a) amprolium and (b) guaifenesin onto chitosan sorbent.

Table 3
Thermodynamics of the sorption of amprolium and guaifenesin onto chitosan

Drug Temperature (K) Kd Gibbs free energy 
ΔG° (kJ/mol)

Enthalpy ΔH° 
(kJ/mol)

Entropy ΔS° 
(J/K·mol)

Activation energy 
Ea (kJ/mol)

Amprolium

298 0.589 1.323

3.879 0.009

6.358
313 0.606 1.195 6.482
323 0.658 1.109 6.566
333 0.693 1.023 6.649
353 0.658 0.852 6.815

Guaifenesin

298 1.626 6.542

23.491 0.057

25.969
303 0.455 6.258 26.010
323 0.139 5.120 26.177
333 0.022 4.552 26.259
343 0.229 3.983 26.343

Table 4
Comparison of the removal efficiency of guaifenesin and 
amprolium by chitosan with other adsorbents

Drugs Adsorbent materials Removal 
efficiency

References

Guaifenesin Activated charcoal 60% [58]

Amprolium
Salvadora persica roots ash 98%

[59]
Salvadora persica seeds ash 96%

Guaifenesin Chitosan 95% This work
Amprolium Chitosan 79% This work
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3.9. Comparison with other adsorbents

Table 4 compares the efficacy of chitosan and other adsor-
bents for the elimination of GUA and AMP from aqueous 
medium. Abdulkhair et al. [65] applied activated carbon for 
the removal of GUA with removal percentage of 60%, and 
Ali et al. [66] employed roots and seeds ash of Salvadora 
persica for the removal of AMP with removal percentage 
of 98% and 96%, respectively. It could be inferred that the 
adsorption capacity of chitosan is comparable with other 
adsorbents for both GUA and AMP.

4. Conclusion

The uptake of guaifenesin (GUA) and amprolium (AMP) 
onto chitosan (CS) biosorbent was investigated. The influence 
of various factors on the adsorption process such as solution 
pH, time, adsorbent dose and drug capacity were exam-
ined. The optimum conditions were pH 6.0, shaking time of 
60 min for both drugs. The best sorbent amount and the drug 
capacity for both drugs were found to be 0.02 g and 10 ppm, 
respectively. The experimental data were described well with 
Langmuir isotherm model for both drugs. The thermody-
namic study showed that the process is highly endother-
mic in nature, with positive values of Gibbs free energy, 
enthalpy and changes in the entropy. Furthermore, the 
adsorption mechanism obeys pseudo-second-order kinetic 
model. Chitosan has a significant removal capability for 
(GUA) and (AMP) drugs from wastewater of 95% and 79%,  
respectively.
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