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 Abstract: Paracetamol contained in wastewater can cause adverse effects on animal 
ecosystems, such as fish living in waters and cause harmful effects on humans. Adsorption 
techniques are used to remove these pharmaceutical compounds. Alginate-chitosan 
nanoparticles are non-toxic and effectively used as adsorbents to remove pharmaceutical 
compounds in wastewater. Research on glutaraldehyde crosslinked alginate-chitosan 
nanoparticles as paracetamol adsorbent has been carried out. This research used the ionic 
gelation method. Nanoparticles were characterized using transmission electron 
microscopy (TEM), scanning electron microscope (SEM-EDX) and Fourier transform 
infra-red spectrophotometer (FTIR). Furthermore, the nanoparticles were used for 
paracetamol adsorption. The results showed that the form nanoparticles are coarse solid 
powder and brownish yellow. The TEM image shows an average nanoparticle size of 
8.22 nm. Glutaraldehyde crosslinked alginate-chitosan nanoparticles adsorbed 
paracetamol with adsorption kinetics followed a pseudo-second-order or Ho-McKay 
model, the adsorption rate constant of 0.0324 g mg−1 min−1. The isotherm study of 
paracetamol adsorption by glutaraldehyde cross-linked alginate-chitosan nanoparticles 
followed the isotherm Dubinin-Radushkevich isotherm model with a free energy value of 
707.1068 kJ mol−1, and this value indicates the adsorption process by chemically or 
chemisorption. 
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■ INTRODUCTION 

Pharmaceutical waste has increased in recent years 
due to the COVID-19 pandemic, and the drugs used 
increased more than 2.5 times [1]. The main 
contaminants found in wastewater are pharmaceutical 
compounds including antibiotic, analgesic, and 
antipyretic [2]. Paracetamol is one of the analgesic and 
antipyretic pharmaceutical compounds often used for 
medical practice and consumed for human health [3]. 
Based on reports, paracetamol will be excreted from the 
body by 58–68% after consumption and then will be 
released into the wastewater system [4]. High 
concentrations of paracetamol were detected in 
Indonesian coastal waters, specifically in Jakarta Bay, 
namely Angke (610 ng/L) and Ancol (420 ng/L) [5]. High 
concentrations of paracetamol in wastewater can cause 

dangerous diseases in humans, such as liver failure, 
gastrointestinal, and hepatotoxicity [6]. Paracetamol is 
non-biodegradable and easily accumulates in the aquatic 
environment, which can have adverse effects on human 
health and other living things [7]. Therefore, there must 
be an effort to overcome the problem of wastewater from 
pharmaceutical compounds such as paracetamol. 

The advantages of separating pharmaceutical 
compounds using adsorption techniques are easy 
processing, low cost, high efficiency, and can be 
regenerated [8]. Nanoparticles can be used as an efficient 
adsorbent for the removal of pharmaceutical 
compounds in wastewater; nanoparticles have a small 
size, large surface area and many active binding sites, 
which can increase the adsorption capacity [2]. 
Polysaccharide-based materials can be used to 
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synthesize nanoparticles and as adsorbents, including 
chitosan and sodium alginate. Chitosan provides an 
advantage in the adsorption process because it has amino 
and hydroxyl groups as active groups and is able to 
interact with pharmaceutical compounds, phenols, 
metals, pesticides, and other compounds contained in 
wastewater [9]. Modifications are required for the 
synthesis of nanoparticles from chitosan because chitosan 
is very sensitive to pH and has low thermal stability [10]. 

Chitosan can be modified by combining certain 
polymers and crosslinkers to improve the stability and 
adsorption capacity of chitosan [11]. Alginate is an 
anionic polymer, that has non-toxic, biodegradable, 
biocompatible properties, and the anionic properties of 
alginate can interact with the cationic properties of 
chitosan to form more stable nanoparticles [11]. Ferrah et 
al. [12] reported chitosan combined with alginate and 
polyethyleneimine methylene phosphonic acid to be able 
to be a promising and efficient adsorbent for removing 
the pharmaceutical compounds sodium diclofenac and 
ibuprofen from wastewater. 

Chitosan also requires certain crosslinkers for the 
synthesis of chitosan-based nanoparticles to improve 
adsorption capacity [4]. Glutaraldehyde is a chitosan 
crosslinker that can improve the chemical stability of 
chitosan in acidic solutions and adsorption performance 
[13]. Kyzas et al. [14] reported chitosan was modified and 
cross-linked with glutaraldehyde and combined with 
sulfonate group or N-(2-carboxybenzyl) was able to 
remove pramipexole dihydrochloride, a pharmaceutical 
compound used to treat symptoms of Parkinson’s disease 
and as a pharmaceutical compound in wastewater. Based 
on the background, it is necessary to conduct research 
using polysaccharide-based nanoparticles, such as 
chitosan and alginate, to remove pharmaceutical 
compounds such as paracetamol in wastewater. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study came from Merck 
and Sigma Aldrich with pro analytical quality. These 
materials include chitosan (Deacetylation Degree ≥85%), 
sodium alginate, glutaraldehyde, CaCl2, aquabidest, 10% 

(v/v) methanol solution, 1% (v/v) acetic acid solution, 
sodium hydroxide (NaOH), hydrochloric acid (HCl), 
and paracetamol from pharma grade. 

Instrumentation 

The instruments used in this study include 
laboratory glassware, analytical balance, pH meter, 
magnetic stirrer, hot plate, centrifugation (Sorvall Biofuge 
Primo), Fourier transform infra-red spectrophotometer 
(FTIR, Shimadzu Prestige-21) was observed in the 
absorption range of 400−4000 cm−1. Samples were 
prepared in a powder state, molded with KBr, and then 
pressed to form pellets. Nanoparticle size was 
characterized using transmission electron microscopy 
(TEM, JEM-1400 JEOL/EO) on a scale of 20–500 nm. 
Samples were prepared and then characterized. The 
morphology of the nanoparticles was characterized 
using a scanning electron microscope (SEM-EDX, JSM-
6510 JEOL/EO). The sample was glued to the specimen 
holder, and then the sample was characterized with the 
specifications of voltage = 15 kV and magnification of 
500–10,000 times. The concentration of paracetamol 
solution before and after adsorption was determined at 
200–400 nm absorption using a UV-vis 
spectrophotometer (GENESYS 50 Thermo Scientific). 

Procedure 

Synthesis of glutaraldehyde cross-linked alginate-
chitosan nanoparticles 

Sodium alginate (3 mg/mL) and CaCl2 
(3.35 mg/mL) solutions were prepared by dissolving in 
aquabidest. Chitosan was prepared at 3 mg/mL 
concentration, dissolved in 1% (v/v) acetic acid. 0.1 M 
HCl solution and 0.1 M NaOH solution were used to 
adjust the pH of alginate and chitosan solutions to pH 5. 
Synthesis of glutaraldehyde crosslinked alginate-
chitosan nanoparticles was prepared according to 
Rajaonarivony method with modifications [15]. 
Calcium alginate (Ca-Alg) in the pre-gel phase was 
initially prepared by adding 2 mL of CaCl2 to 10 mL of 
sodium alginate solution with continuous stirring for 
30 min. After that, 10 mL of chitosan solution was 
added, and then 5 mL of glutaraldehyde was added to the 
solution while still stirring at constant speed at room 
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temperature. Stirring process was carried out for 2 h, then 
centrifuged at 5,000 rpm for 30 min. Nanoparticles were 
filtered using filter paper and then dried. 

Characterization of glutaraldehyde crosslinked 
alginate-chitosan nanoparticles 

Glutaraldehyde crosslinked alginate-chitosan 
nanoparticles were characterized using a FTIR. The 
sample was prepared in a powder state, then formed with 
KBr and pressed to form pellets. FTIR spectra were 
determined at a wavenumber between 400–4000 cm−1. 
The size of glutaraldehyde crosslinked alginate-chitosan 
nanoparticles was characterized using TEM on a scale of 
20–500 nm. The samples were dispersed and placed in the 
grid. The samples in the grid were waited until dry, and 
the samples were ready for characterization. The 
morphology of glutaraldehyde crosslinked alginate-
chitosan nanoparticles was characterized by SEM. The 
samples were attached to the specimen holder, and then 
the samples were ready for characterization with a voltage 
specification of 15 kV and magnification of 500–10,000 
times. 

Effect of pH on paracetamol adsorption 
Paracetamol solution 10 mg/L, volume of 50 mL was 

adjusted to pH 2, 3, 4, 5, 6, 7, and 8 with the addition of 
HCl or NaOH solutions. Glutaraldehyde crosslinked 
alginate-chitosan nanoparticles adsorbent (20 mg) was 
added to each paracetamol solution for adsorption. The 
stirring process was carried out for 60 min, and then the 
filtrate was filtered. The concentration of paracetamol was 
analyzed with a UV-vis spectrophotometer at the 
maximum wavelength (λmax). 

Effect of adsorbent mass on paracetamol adsorption 
Paracetamol solution 10 mg/L, volume of 50 mL in 

9 different containers adjusted to the optimum pH by 
adding HCl or NaOH solution. Glutaraldehyde 
crosslinked alginate-chitosan nanoparticles were added to 
paracetamol solution for the adsorption process with 
mass variations of 5, 10, 15, 20, 25, 30, 35, and 40 mg and 
stirred for 60 min then the filtrate was filtered. The 
concentration of paracetamol was analyzed with a UV-vis 
spectrophotometer at λmax. 

Effect of contact time on paracetamol adsorption 
Paracetamol solution 10 mg/L, volume of 50 mL in 

7 different containers adjusted to the optimum pH by 
adding HCl or NaOH solution. Glutaraldehyde 
crosslinked alginate-chitosan nanoparticles were added 
to paracetamol solution for the adsorption process at the 
optimum mass and stirred at various times of 15, 30, 45, 
60, 90, and 120 min, then the filtrate was filtered. The 
concentration of paracetamol was analyzed with a UV-
vis spectrophotometer at λmax. The adsorption capacity 
can be used to determine the adsorption kinetics model. 

Effect of initial concentration of paracetamol 
Paracetamol solutions are prepared with various 

concentrations of 10, 12, 14, 16, and 18 mg/L. 
Paracetamol solution 50 mL in 10 different containers 
was adjusted to the optimum pH by adding HCl or 
NaOH solutions. Paracetamol solutions of varying 
concentrations were prepared for control (without 
adsorbent) and adsorption (with adsorbent). 
Glutaraldehyde crosslinked alginate-chitosan 
nanoparticles were added to the paracetamol solution at 
optimum mass. The stirring process was carried out 
according to the optimum contact time, and then the 
filtrate was filtered. The concentration of paracetamol 
was analyzed by UV-vis spectrophotometer at λmax. 

■ RESULTS AND DISCUSSION 

FTIR Characterization 

The identification of functional groups in the base 
material and the synthesized nanoparticles was carried 
out using an FTIR spectrophotometer. The results of the 
FTIR spectra of alginate, chitosan, glutaraldehyde, and 
glutaraldehyde crosslinked alginate-chitosan 
nanoparticles can be seen in Fig. 1. Fig. 1(a) shows 
characteristic peaks at 3448, 1410, 1620 and 1026 cm−1 
which shows stretching vibration –OH, symmetric and 
asymmetric stretching vibration C=O and stretching 
vibration C–O–C of alginate [16-18]. Fig. 1(b) shows 
characteristic peaks at 3450, 1647, 1419 and 1028 cm−1, 
which shows the stretching of the –NH and –OH groups, 
the primary amine (–NH2) bending vibration, –CH2 and 
C–O–C stretching vibrations of chitosan [19-21]. 
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Fig 1. FTIR spectra of (a) alginate, (b) chitosan, (c) 
glutaraldehyde, and (d) glutaraldehyde crosslinked 
alginate-chitosan nanoparticles 

Fig. 1(c) shows characteristic peaks at 3402, 2954, 
and 1635 cm−1, which shows –OH stretching vibrations, 
symmetric C–H vibrations, and C=O stretching 
vibrations of glutaraldehyde [22]. Fig. 1(d) shows the 
alginate peak at 3448 cm−1, indicating the presence of  
–OH stretching vibrations, and chitosan peaks at 
3450 cm−1, indicating the stretching vibrations of –OH 
and –NH, shifted the wavenumber to 3449 cm−1. This 
shift occurs due to electrostatic interactions between the 

carboxylic groups from alginate and the amine groups 
from chitosan to form a polyelectrolyte complex [23]. 
The chitosan peak at 1647 cm−1 wavelength, the alginate 
peak at 1620 cm−1 and the glutaraldehyde peak at 
1635 cm−1 shifted to 1620 cm−1 wavelength, indicating 
the presence of –NH bending vibrations from chitosan 
and C=O asymmetric stretching vibrations from 
alginate and indicating the C=O group in glutaraldehyde 
interacts with the amine groups in chitosan to form C=N 
bonds (imines) [24]. Furthermore, there was a shift in 
1419 cm−1 wavelength from the alginate peak at 
1410 cm−1 and chitosan at 1405 cm−1, indicating the 
presence of –CH2 bending vibrations from chitosan and 
C=O symmetrical stretching vibrations from alginate. 
Then, 1028 cm−1 of chitosan and 1026 cm−1 of alginate 
shifts to 1033 cm−1 wavelength indicating the presence of 
C–O–C stretching vibrations. 

SEM-EDX Characterization 

The surface morphology and elemental 
composition of glutaraldehyde cross-linked alginate-
chitosan nanoparticles are determined by using SEM-
EDX before and after adsorption. SEM images taken at 
5000 times magnification of the nanoparticles before 
and after adsorption can be seen in Fig. 2. Fig. 2(a) shows  

 
Fig 2. SEM image (a) glutaraldehyde crosslinked alginate-chitosan nanoparticles before adsorption and (b) 
glutaraldehyde crosslinked alginate-chitosan nanoparticles after adsorption 
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the nanoparticles before adsorption have a rough, 
irregular, slightly porous surface, and there are parts that 
form aggregates. There is a difference between the 
nanoparticles after and before adsorption in Fig. 2(b); the 
loss of the porous structure in the SEM image of the 
nanoparticles after adsorption is possible because the 
surface of the adsorbent has been covered by paracetamol. 
The elemental composition data of alginate-chitosan 
nanoparticles crosslinked with glutaraldehyde before 
adsorption and after adsorption can be seen in Table 1. 

The adsorption process on glutaraldehyde 
crosslinked alginate-chitosan nanoparticles can be seen 
from changes in the elemental composition of 
nanoparticles before and after adsorption. The 
composition of C and O elements in nanoparticles has 
increased, as can be seen in Table 1. The C element has a 
weight and atomic percentage of 37.41 and 43.98%; after 
adsorption, the percentage of weight and atomic increases 
to 38.79 and 45.01%. Then, the weight and atomic 
percentage of O elements were 43.85 and 38.70%, after 
adsorption increased to 45.92 and 40.00%. Increasing the 
composition of C and O elements, which are the 
elemental composition of paracetamol indicates 
paracetamol was adsorbed on glutaraldehyde crosslinked 
alginate-chitosan nanoparticles. 

TEM Characterization 

Nanoparticle characterization using TEM was 
carried out to determine the inner morphology and 
average size of the nanoparticles. The results of the 
characterization of glutaraldehyde crosslinked alginate-
chitosan nanoparticles by TEM at a magnification scale of 

50 nm are shown in Fig. 3. Based on Fig. 3(a), the TEM 
image of the nanoparticles has a shape like black spheres 
but relatively irregular. The graph of the particle size 
distribution of nanoparticles can be seen in Fig. 3(b). 
The glutaraldehyde crosslinked alginate-chitosan 
nanoparticles sample has an average particle size of 
8.22 nm. This indicates the ionic gelation method is able 
to produce smaller particle sizes. 

Effect of pH 

Based on Fig. 4(a), the adsorption capacity in 
adsorbing paracetamol has the highest value at pH 4, 
which is 18.64 mg/g. As the pH of the solution increases, 
the adsorption capacity value decreases. Fig. 4(b) is a pH 
point of zero charges (pHpzc) glutaraldehyde crosslinked 
alginate-chitosan nanoparticle adsorbent. The pHpzc 
curve shows the intersection at pH 4.773; at that pH, the 
nanoparticles adsorbent has an uncharged structure. The 
nanoparticle adsorbent has a positively charged structure 
when the pH solution is below pHpzc (pH < 4.773), while the 
pH solution is above pHpzc (pH > 4.773). Glutaraldehyde 
crosslinked alginate-chitosan nanoparticles adsorbent 
has a negatively charged structure. 

Based on Fig. 4(a), increasing adsorption capacity 
occurs at pH 2–4 because the positively charged 
nanoparticles adsorbent resulted in an electrostatic 
attraction force with a negative charge on paracetamol. 
While, decreasing adsorption capacity occurs at pH 5–8 
because the nanoparticles adsorbent is negatively 
charged, and as the pH increases, paracetamol becomes 
ionized and negatively charged, resulting in a repulsive 
force between the adsorbent and the adsorbent [25-26]. 

Table 1. Elemental composition data of glutaraldehyde crosslinked alginate- chitosan nanoparticles before and after 
adsorption 

Element 
Weight % Atom % 

Before adsorption After adsorption Before adsorption After adsorption 
C 37.41 38.79 43.98 45.01 
N 15.67 14.92 15.80 14.85 
O 43.85 45.92 38.70 40.00 
Na 1.58 0.05 0.97 0.03 
Cl 0.61 0.10 0.24 0.04 
Ca 0.89 0.22 0.31 0.08 
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Fig 3. (a) TEM image of glutaraldehyde crosslinked alginate-chitosan nanoparticles, (b) Particle size distribution of 
glutaraldehyde crosslinked alginate-chitosan nanoparticles 

 
Fig 4. (a) Effect of pH on paracetamol adsorption by glutaraldehyde crosslinked alginate-chitosan nanoparticles 
adsorbent and (b) pH curve point of zero charge (pHpzc) glutaraldehyde crosslinked alginate-chitosan nanoparticles 
adsorbent 
 
Effect of Adsorbent Mass 

Fig. 5 shows the effect of adsorbent mass on the mass 
of paracetamol adsorbed by glutaraldehyde crosslinked 
alginate-chitosan nanoparticles, the optimum point at 
30 mg adsorbent mass. The mass of paracetamol obtained 

was 0.3501 mg at the optimum mass point of the 
adsorption process. The mass of paracetamol adsorbed 
by the nanoparticles will also increase as the adsorbent 
mass increases. This increase was related to the number 
of active sites and the surface area of the adsorbent. The 
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greater the mass of the adsorbent, the greater the surface 
area, causing more opportunities for contact or 
interaction between the adsorbent and adsorbate. Based 
on Fig. 5, decreasing the mass of paracetamol adsorbed by 
nanoparticles occurs when the adsorbent mass is greater 
than 30 mg. The equilibrium of the adsorption process 
occurs when the adsorbed paracetamol has reached the 
optimum point, so the addition of the amount of 
adsorbent will disturb the equilibrium [27]. 

Effect of Contact Time 

Fig. 6 shows the equilibrium adsorption of 
paracetamol by nanoparticles with the largest adsorption 
capacity of 10.06 mg/g obtained at 45 min. Then, the 
adsorption capacity of paracetamol decreased after the 
optimum contact time. This is because after reaching an 
equilibrium state, the adsorbent becomes saturated so 
that the active site is no longer able to interact with the 
adsorbate. In this research, the study of adsorption on the 
effect of contact time was used to determine the kinetic 
model of paracetamol adsorption by glutaraldehyde 
crosslinked alginate-chitosan nanoparticles. The 
adsorption kinetics models used are pseudo-first-order 
kinetic models and pseudo-second-order kinetic models. 
The pseudo-first-order kinetic model is expressed by Eq. 
(1); 
 e t e 1ln q q lnq k t    (1) 

where qe (mg g−1) is the adsorption capacity at 
equilibrium, qt (mg g−1) is the adsorption capacity at time 
t (min), k1 (min−1) is the pseudo-first-order rate constant. 

The graph of the sum of ln(qe−qt) against time can 
determine the value of qe from the intercept and k1 from 
the slope [27]. The pseudo-second-order kinetic model 
is expressed by Eq. (2). 

2t e2 e

t 1 1 t
q qk q

 
  
 
 

 (2) 

In Eq. (2), qe (mg g−1) is the adsorption capacity at 
equilibrium, qt (mg g−1) is the adsorption capacity at a 
certain t (min), k2 (g mg−1 min−1) is the pseudo-second-
order adsorption rate constant. A linear graph of ୲

୯౪
 

against time can determine the value of qe from the slope 
and k2 from the intercept [28]. 

The linear graphs of the two adsorption kinetics 
models used are shown in Fig. 7, and the adsorption 
kinetics parameter values of the two adsorption kinetics 
models are presented in Table 2. The kinetic model has 
a linearity value (R2) close to 1, is the pseudo-second-
order kinetics model or the Ho-McKay model, which is 
equal to 0.9993 and the line equation obtained is 
y = 0.097x + 0.2908 in Fig. 7. The linearity value 
indicates the adsorption of paracetamol by nanoparticles 
following the pseudo-second-order kinetic model. In 
Table 2, the pseudo-second-order kinetic model 
obtained the value of the adsorption rate constant (k) of 
0.0324 g mg−1 min−1 and adsorption capacity value (qe) 
of 10.3093 mg g−1. The pseudo-second-order kinetic 
model assumes the chemisorption process occurs at the 
determination of the adsorption rate [29]. The 
adsorption   rate   is   not   influenced   by  the   adsorbate  

 

 
Fig 5. Effect of adsorbent mass on the mass of 
paracetamol adsorbed by glutaraldehyde crosslinked 
alginate-chitosan nanoparticles 

 
Fig 6. Effect of contact time on paracetamol adsorption 
by glutaraldehyde crosslinked alginate-chitosan 
nanoparticle 
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Fig 7. Plot of adsorption kinetics model (a) pseudo-first-order and (b) pseudo-second-order models on the adsorption 
process of paracetamol by glutaraldehyde crosslinked alginate-chitosan nanoparticles 
 
Table 2. The parameter calculation result of pseudo-first-
order and pseudo-second-order models 

Model Parameter Score 
Pseudo-first-order or 
Lagergren model 

R2 0.9563 

k (min−1) 0.0382 
 qe (mg/g) 3.2894 
Pseudo-second-order or 
Ho-McKay model 

R2 0.9993 

k (g mg−1 min−1) 0.0324 
 qe (mg/g) 10.3093 

concentration but is influenced by the adsorption capacity 
at these conditions [30]. 

Effect of Initial Concentration 

Fig. 8 shows the equilibrium condition for 
paracetamol adsorption by glutaraldehyde crosslinked 
alginate-chitosan nanoparticles was reached at an initial 
paracetamol concentration of 16 ppm, and the largest 
adsorption capacity was 14.3396 mg/g. The adsorption 
capacity of paracetamol decreased after the optimum 
condition was reached. The number of adsorbate active 
sites in the solution is greater due to the greater initial 
concentration of paracetamol. Meanwhile, the constant 
mass of the adsorbent causes the number of active sites 
available on the adsorbent to also remain constant, so 
when passing through the optimum conditions with a 
larger initial paracetamol concentration, the amount of 
adsorbate in solution with the number of particles and the 
available active sites of the adsorbent becomes unbalanced. 

The adsorption capacity obtained will decrease 
because saturation conditions have been reached [31]. 
The  study  of  the   effect  of  the  initial  concentration  of  

 
Fig 8. Effect of initial concentration on paracetamol 
adsorption by glutaraldehyde crosslinked alginate-
chitosan nanoparticles 

paracetamol will be able to also determine the adsorption 
isotherm of paracetamol by nanoparticles. The adsorption 
isotherm in this study was studied using four adsorption 
isotherm models: Langmuir, Freundlich, Temkin, and 
Dubinin-Radushkevich isotherm models. The Langmuir 
isotherm model can be expressed in Eq. (3); 

e e

e L m m

C C1
q k q q

   (3) 

where qm (mg g−1) is the maximum monolayer 
adsorption capacity, kL (L mol−1) is the maximum 
monolayer adsorption capacity, qe (mg g−1) is the 
adsorption capacity at equilibrium, and Ce (mol L−1) is 
the adsorbate concentration at equilibrium. A linear 
graph between େ౛

୯౛
 against Ce can determine the value of 

qm from the slope and the value of kL from the intercept 
[32]. The Freundlich isotherm model can be expressed 
in Eq. (4); 

e F e
1logq log k logC
n

   (4) 
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where kF (L mol−1) is the Freundlich constant, ଵ

୬
 is the 

adsorption intensity, qe (mg g−1) is the adsorption capacity 
at equilibrium, and Ce (mol L−1) is the adsorbate 
concentration at equilibrium. ଵ

୬
 value of the slope and kF 

value of the intercept can be determined by making a 
linear graph of log qe against log Ce. The Temkin isotherm 
model can be expressed in Eq. (5); 

   e T e
RT RTq ln k ln C
b b

   (5) 

where kT (L mol−1) is the equilibrium binding constant, b 
is the heat of adsorption, R is the gas constant 
(8.314 J K−1 mol−1), T (K) is the temperature, qe (mg g−1) is 
the adsorption capacity at equilibrium, and Ce (mol L−1) is 
the adsorbate concentration at equilibrium. A linear 
graph between qe and ln (Ce) will give a straight line with 
ୖ୘

ୠ
 as the slope and ୖ୘ ୪୬  ሺ୩౐ሻ

ୠ
 as the intercept [32]. The 

Dubinin Radushkevich (D-R) isotherm model can be 
expressed in Eq. (6); 

2
e mlnq lnq   (6) 

where qe (mg g−1) is the adsorption capacity at 
equilibrium, qm (mg g−1) is the theoretical isotherm 
saturation capacity, β (mol2 J−2) is the adsorption energy 
constant, and ε (J mol−1) is the Polanyi potential. Polanyi 
potential can be calculated in Eq. (7); 

e

1RTln 1
C

 
   

 
 (7) 

where T (K) is the temperature, R is the gas constant 
(8.314 J K−1 mol−1), and Ce (mg L−1) is the concentration of 
adsorbate solution in the adsorbent at equilibrium. A 
linear graph between ln qe and ε2 can determine the β 
value from the slope and the qe value from the intercept. 
The β value will give the average adsorption free energy 
(E, kJ mol−1) per adsorbate molecule at the time of its 
transfer to the surface of the solid from the solution, 
following Eq. (8) [32]. 

 1 2
1E

2



 (8) 

The linear graph of the adsorption isotherm model 
is shown in Fig. 9, and Table 3 is a summary of the 
parameter calculation results for each paracetamol 
adsorption isotherm model by nanoparticles. Fig. 9 shows 
the plot of the adsorption isotherm model. Fig. 9(d) is the 

Dubinin-Radushkevich isotherm model having a 
linearity value (R2) closest to 1, equal to 0.9819 and the 
equation of the line is y = −1 × 10−6x + 2.8629. Based on 
this, the adsorption of paracetamol by nanoparticles 
follows the Dubinin-Radushkevich isotherm model. In 
Table 3, the Dubinin-Radushkevich isotherm model has 
a value of qe of 17.5122 mg g−1. The value of adsorption 
energy (E) is 707.1068 kJ mol−1. 

Based on the adsorption energy (E) value obtained of 
707.1068 kJ mol−1, it shows the adsorption of paracetamol 
by glutaraldehyde crosslinked alginate-chitosan 
nanoparticles occurs through a chemical adsorption 
process. This is because the E value obtained has a value 
greater than 16 kJ mol−1. This is in accordance with the 
statement on the Dubinin-Radushkevich isotherm 
model that the type of adsorption on the experimental 
results is chemical adsorption if the E value has a value 
greater than 16 kJ mol−1 [33]. 

Possible interactions between paracetamol and 
glutaraldehyde crosslinked alginate-chitosan 
nanoparticles include hydrogen bonds between N atoms 
on the adsorbent and H atoms on paracetamol, H atoms 
on the adsorbent and O atoms on paracetamol, and n- 
bonds between the adsorbent and adsorbate (Fig. 10). 

Table 3. Parameter calculation results for paracetamol 
adsorption isotherm models by glutaraldehyde 
crosslinked alginate-chitosan nanoparticles 

Model and parameter Score 
Langmuir isotherm 
R2 0.7954 
kL (L mol−1) 0.1680 
qm (mg g−1) 31.1526 
Freundlich isotherm 
R2 0.9047 
kF (L mol−1) 4.9477 
N 1.5038 
Temkin isotherm 
R2 0.9229 
kT (L mol−1) 4.5563 
B 19964.3191 
Dubinin-Radushkevich (D-R) isotherm 
R2 0.9819 
qe (mg g−1) 17.5122 
E (kJ mol−1) 707.1068 
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Fig 9. Plot of adsorption isotherm models: (a) Langmuir isotherm, (b) Freundlich isotherm, (c) Temkin isotherm, and 
(d) Dubinin-Radushkevich isotherm on paracetamol adsorption process by glutaraldehyde crosslinked alginate-
chitosan nanoparticles 
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Fig 10. Possible interactions between paracetamol and glutaraldehyde crosslinked alginate-chitosan nanoparticles 

 
■ CONCLUSION 

Glutaraldehyde crosslinked alginate-chitosan 
nanoparticles were successfully synthesized using the 
ionic gelation method. The nanoparticles have an average 

particle size of 8.22 nm. Optimum conditions for 
paracetamol adsorption by nanoparticles were obtained 
at pH 4, adsorbent mass of 0.030 g, adsorption contact 
time of 45 min and initial concentration of paracetamol 
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at 16 ppm with optimum adsorption capacity of 
14.3396 mg/g. The adsorption kinetics model used for 
paracetamol adsorption by nanoparticles follows the 
pseudo-second-order kinetic model or the Ho-McKay 
model, with an adsorption rate constant value of 
0.0324 g mg−1 min−1, and the adsorption process occurs 
follows the Dubinin-Radushkevich isotherm model with 
an adsorption free energy value of 707.1068 kJ mol−1, this 
value indicates the adsorption process occurs chemically 
or chemisorption. 
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