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Abstract 

Context: Calcareous chitin, chitin, chitosan, and their modifications are used as bioadsorbents of metals and dyes that cause environmental pollution, 

endocrine disruption, and human diseases. 

Aims: To evaluate the selective bioadsorption of silver ions (Ag+) by calcareous chitin, chitin, and chitosan. 

Methods: Experimental and prospective study. The presence of functional groups of the bioadsorbents was identified by Fourier-transformed infrared 

spectroscopy (FT-IR), 1H-NMR spectroscopy and scanning electron microscopy (SEM). The Langmuir, Freundlich, and Elovich models were applied to describe 

the adsorption capacity of bioadsorbents according to granule size (20-40, 40-60, 60-80 meshes) and temperature (10, 20, and 30°C). 

Results: The FT-IR spectrum of calcareous chitin indicates the presence of carbonate (CO3
= 1420 cm-1), amide III (1313 cm-1), –OH groups (3441.90 cm-1), and 

pyranose structure (952.83 cm-1); chitin has –OH groups (3441.90 cm-1), NH (3268 cm-1), amide I (1654 cm-1) and II (1559 cm-1); chitosan has –OH groups 
(3419.90 cm-1), –NH (3200 cm-1), amide I (1712.18 cm-1), –NH2 (1654.46 cm-1), amide III (1317.11 cm-1) and pyranose structure (1070.12 cm-1 and 1031 cm-1). The 

Langmuir model indicates greater bioadsorption of Ag+ ions at smaller particle sizes (60-80 = 0.25-0.18 mm) and at a temperature of 20-30°C.  

Conclusions: The bioadsorption of silver ions (Ag+) by chitosan is greater with respect to calcareous chitin and chitin; the Langmuir model fits for the Ag+ 

isotherm and suggests that the process is controlled by physisorption.  

Keywords: bioadsorption; calcareous chitin; chitin; chitosan; silver ions. 

 

Resumen 

Contexto: La quitina calcárea, quitina, quitosano y sus modificaciones se utilizan como bioadsorbentes de metales y tintes causantes de la contaminación 

medioambiental, disrupción endocrina y enfermedades en humanos.  

Objetivos: Evaluar la bioadsorción selectiva de iones plata (Ag+) por quitina calcárea, quitina y quitosano. 

Métodos: Estudio experimental y prospectivo. Se identificó la presencia de grupos funcionales de los bioadsorbentes por espectroscopia infrarroja 

transformada de Fourier (FT-IR), espectroscopia 1H-RMN y por microscopía electrónica de barrido (SEM). Se aplicó los modelos de Langmuir, Freundlich, y 

Elovich, para describir la capacidad de adsorción de los bioadsorbentes de acuerdo al tamaño del granulo (20-40, 40-60, 60-80 meshes) y temperatura (10, 20 

y 30°C). 

Resultados: El espectro FT-IR de la quitina calcárea indica presencia de carbonato (CO3
= 1420 cm-1), amida III (1313 cm-1), grupos –OH (3441,90 cm-1) y 

estructura piranósica (952,83 cm-1); quitina presenta grupos –OH (3441,90 cm-1), NH (3268 cm-1), amida I (1654cm-1) y II (1559 cm-1); quitosano se identifica 

grupos –OH (3419.90 cm-1), –NH (3200 cm-1), amida I (1712.18 cm-1), –NH2 (1654.46 cm-1), amida III (1317.11 cm-1) y estructura piranósica (1070.12 cm-1 y 1031 

cm-1). El modelo de Langmuir indica mayor bioadsorción de iones Ag+ a menor tamaño de partícula (60-80 = 0.25-0.18 mm) y a una temperatura de 20-30°C. 

Conclusiones: La bioadsorción de iones de plata (Ag+) por quitosano es mayor respecto a quitina calcárea y quitina; el modelo de Langmuir se ajusta para la 

isoterma de Ag+ y sugiere que el proceso está controlado por fisisorción. 

Palabras Clave: bioadsorción; iones plata; quitina; quitina calcárea; quitosano. 
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INTRODUCTION 

Nanomaterials are small structures of 1 µm in di-
ameter used in different research sciences (Kumar et 
al., 2022). Especially in bionanotechnology, metallic 
nanoparticles with a size smaller than a human cell 
are used (Basova et al., 2021; Oliver and Oliver, 2017). 
Silver nanoparticles (Ag NP) and other biocompatible 
metals are used as diagnostic biomarkers, implants, 
delivery systems and drug transporters, and as drugs 
for their potential anticancer and anti-inflammatory 
activity (Basova et al., 2021; Mousavi et al., 2018; Oli-
ver and Oliver, 2017; Soto-Vazquez et al., 2022), and 
due to its antimicrobial and antiviral activity, person-
al protective equipment against COVID-19 has been 
designed (Sportelli et al., 2020). Additionally, it is 
used as catalysts and degraders of various substances 
such as dyes (Kumar et al., 2022). Various reducing 
agents are used in the synthesis of AgNP, such as 
ascorbate (C6H7 NaO6), sodium borohydride (NaBH₄), 
sodium citrate (Na3C6H5O7), dextrose (C6H12O6), eth-
ylene glycol (C2H6O2), hydrogen, hydrazine (N2H4), 
hydrate hydrazine (N2H4-NH2•H2O), N-
dimethylformamide (DMF) (Goulet and Lennox, 2010; 
Lee and Jun, 2019), additionally, silver ions (Ag+), and 
the residues of the aforementioned reducing agents 
are emitted in the effluents of these industries (Wang 
et al., 2020). Nanoparticles are likely to induce kidney, 
blood, and liver dysfunction in humans, while Ag+ 
ions and AgNP synthesis residues are responsible for 
endocrine disruption in various animal species (Ku-
mar et al., 2022; Mousavi et al., 2018; Wang et al., 
2020). 

In this sense, the effective extraction and recovery 
of Ag+ ions from waste sources are of concern (Golna-
raghi Ghomi et al., 2020), for which various methods 
have been designed, such as chemical precipitation, 
ion exchange, electrodialysis, solvent extraction and 
reverse osmosis (Ding et al., 2019; Gao et al., 2013; 
Zhao et al., 2020). These techniques are complex, with 
low selectivity, high operating and capital costs, and 
at the same time, generate large amounts of second-
ary waste (Hsu et al., 2019). For this reason, a green 
research line of nanoparticles has been proposed that 
are chemically stable and of low toxicity to the envi-
ronment (Kumar et al., 2022), biocompatible, inert to 
tissues, non-carcinogenic, have sufficient mechanical 
resistance and be resistant to the influence of the in-
ternal environment of the human organism (Basova et 
al., 2021); and within this line, the use of natural 
products with chelating or bioadsorption capacity, 
low cost, sustainable over time and with minimal 
impact on the environment has been proposed as an 
alternative (Petrova et al., 2015). Being chitin a renew-
able biopolymer with adsorption capacity that is ob-

tained from the exoskeleton of the Penaeus sp. and 
Carcinus maenas (crab) (Jiang et al., 2017); and from the 
aforementioned biopolymer, chitosan (poly-β-(1→4)-
2-amino-2-deoxy-D-glucose) is obtained, which is a 
macromolecular structure with amino groups (-NH2) 
and hydroxyl (-OH ) efficient to chelate or adsorb 
metal ions, at the same time, they meet the require-
ments of the green line, for being biocompatible, bio-
degradable, non-toxic and of low economic cost to be 
used in countries with emerging economies (Pascu et 
al., 2020).  

After conducting a review in the PubMed Sci-
enceDirect database on metal adsorption studies with 
calcareous chitin, chitin and chitosan in Peru, it has 
been shown that studies using this method are scarce, 
so it is worth studying these biopolymers, make scien-
tific evidence of its properties of bioadsorption of 
potentially toxic metals for the environment and for 
public health. Therefore, the objective was to evaluate 
the selective bioadsorption of silver ions (Ag+) by 
calcareous chitin, chitin, and chitosan.  

MATERIAL AND METHODS 

Type of study 

An experimental and prospective study was car-
ried out from January to September 2022. 

Chemical reagents 

All solvents and reagents were of analytical grade 
and ACS (American Chemical Society) quality pur-
chased from Mercantil Laboratorio SAC (Lima, Peru): 
hydrochloric acid (HCl), sulfuric acid (H2SO4), sodi-
um hydroxide (NaOH), sodium sulfite (Na2SO3) and 
silver nitrate (AgNO3). Calcareous chitin, chitin, and 
chitosan were used with degrees of deacetylation of 
35.91, 35.55, and 76.4%, respectively, and with a parti-
cle size of 20-40, 40-60, and 60-80 meshes according to 
the Tyler series.  

Obtaining the bioadsorbents 

To remove proteins and obtain calcareous chitin 
from the shrimp exoskeleton, a sufficient quantity of 
sodium hydroxide (NaOH) 10% (w/w) was added and 
left to stand for 2 h at room temperature; after that 
time, it was filtered to obtain the solid phase, which 
was washed with distilled water until obtaining a 
solid product of calcareous chitin at pH 7. Subse-
quently, a quantity of calcareous chitin was treated 
with 10% (v/v) hydrochloric acid (HCl) for 15 min to 
remove the minerals from the calcareous biopolymer; 
then, it was filtered to obtain the chitin solid. This 
solid was washed with distilled water until pH 7. 
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Jáuregui-Nongrados et al. Bioadsorption of silver ions by chitin derivatives 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(1): 103 

 

Finally, the chitin was treated with NaOH 50% (w/w) 
for 1 h at 120°C, obtaining the chitosan, which was 
washed with distilled water until pH 7, then filtered 
and the solid dried in an oven at 50°C (Binder, ED-23 
1107209, Germany) for 12 h (Khayrova et al., 2021; 
Pavlova and Trusova, 2021). 

Preparation of silver ion solutions with 
bioadsorbents 

A sufficient quantity of silver nitrate (AgNO3) was 
weighed to obtain a stock solution of 1000 ppm of 
silver ions (Ag+); then, solutions of 10, 20, 30, 50, 100, 
and 200 ppm of Ag+ ions at pH 4 were prepared; 100 
mg of each study bioadsorbent was added to these 
solutions. These samples were used to quantify Ag+ 
ions and to carry out isothermal studies of natural 
bioadsorbents.  

Quantification method and characterization of 
biosorbents 

The silver ions (Ag+) of the aqueous solution were 
quantified by the flame atomic absorption spectrome-
try method (FAAS), using a Perkin-Elmer model 2500, 
USA, equipment equipped with a silver hollow cath-
ode lamp with an air-acetylene flame. Samples were 
read at a wavelength of 328.1 nm (Sergeevna et al., 
2020; Terzioğlu et al., 2021).  

Polymeric bioadsorbents were characterized by 
scanning electron microscopy (SEM), 1H-NMR spec-
troscopy, and Fourier Transform Infrared Spectrosco-
py (FTIR) to identify and confirm the functional 
groups present while observing the surface morphol-
ogy of each biopolymer (Sharef and Fakhre, 2022; 
Weißpflog et al., 2021). 

Effect of granulometry on biosorption isotherms 

To evaluate the effect of granulometry, 50 mL of 
solutions of 10, 20, 30, 50, 100, and 200 ppm of Ag+ 
ions at pH 4 were previously prepared from the stock 
solution (1000 ppm Ag+); 100 mg of each study bioad-
sorbent (20-40, 40-60 and 60-80 mesh) was added to 
these solutions, then it was placed in a thermostatic 
bath at 20°C with constant stirring for 2 h (IKA Shak-
er, C-MAG HS7, Germany). Subsequently, 5 mL sam-
ples were taken to determine the amount of metal 
retained on the bioadsorbent surface. The amount of 
metal retained by the bioadsorbent was calculated 
using the following equation [1] (Pascu et al., 2020). 

𝑞 =
 𝐶𝑖 − 𝐶𝑒𝑞 

𝑚
𝑉 1 

 

[1] 

Where: Ci is the initial concentration of metal ions in solution, Ceq is 

the concentration of metal ions in the solution after reaching equilibri-

um in the complexing reaction, V is the volume of the solution used, and 
"m" is the mass of the bioadsorbent used. 

Effect of temperature on biosorption isotherms 

To determine the effect of temperature on the Ag+ 
ion chelation process by the bioadsorbents, solutions 
of the adsorbent polymers were previously prepared 
at a final concentration of 2 mg/mL; then 50 mL of 
solutions of 10, 20, 30, 50, 100 and 200 ppm of Ag+ 
ions were added. The resulting solution was stirred 
for 2 h at temperatures of 10, 20, and 30°C. The solu-
tions of each temperature were filtered and read at a 
wavelength of 328.1 nm in the flame atomic absorp-
tion spectrophotometer (FAAS, Perkin-Elmer model 
2500, USA) (Banisheykholeslami et al., 2021).  

Desorption process 

To study the desorption process, 100 mg of chi-
tosan Ag+ ions were weighed (in a beaker), then 20 
mL of 0.1 M H2SO4 or 0.1 M Na2SO3 were added, as 
the case may be, and kept under constant agitation 
(IKA shaker, C-MAG HS7, Germany) for 90 min, dur-
ing the shaking time samples were taken at different 
times. The solutions were filtered and then diluted for 
reading in the flame atomic absorption spectropho-
tometer (FAAS, Perkin-Elmer model 2500, USA) 
(Sadiq et al., 2020; Mao et al., 2020). 

Statistical analysis 

The experimental results were analyzed and vali-
dated using the Langmuir and Freundlich isotherm 
models, and the Elovich kinetic model to describe the 
ion (Ag+) bioadsorption capacity. Studies were per-
formed in triplicate, data were expressed as arithme-
tic mean ± standard deviation (SD), and the one-factor 
analysis of variance (ANOVA) was applied. A value 
of p<0.05 was considered statistically significant. The 
GraphPad Prism 9 version 9.1.2 Statistical Software 
was used. 

RESULTS AND DISCUSSION  

Fig. 1A shows the FT-IR infrared spectroscopy of 
natural bioadsorbents. In the FT-IR spectrum of cal-
careous chitin a higher intensity signal (1420 cm-1) is 
observed with respect to chitin, due to the presence of 
carbonate (CO3

=), the absorption 1313 cm-1 indicates 
the presence of amide III, 1073 cm-1 corresponds to the 
tension of CO, and 952.83 cm-1 corresponds to the 
vibration of the pyranose structure. Fig. 1B shows the 
FT-IR spectrum of chitin, which presents an absorp-
tion band of 3441.90 cm-1 corresponding to –OH 
groups, as observed in calcareous chitin, the band 
3268 cm-1 corresponds to the tension of NH; while 
bands 1654 and 1559 cm-1 correspond to amide I and 
II bands that are characteristic of chitin. Fig. 1C shows 
the FT-IR spectrum of chitosan, where absorption 
spectra are identified: 3419.90 cm-1 for -OH groups, 
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C D 

  

Figure 1. FT-IR infrared spectroscopy of natural bioadsorbents. 

(A) Infrared spectrum of calcareous chitin; (B) chitin; (C) chitosan; and (D) infrared spectrum of the calcareous chitin and the baseline are observed to evaluate 

the degree of acetylation (GA). 

 
3200 cm-1 for -NH group, the same one that is in-
creased with respect to chitin after the deacetylation 
process, at 2878.23 cm-1 the CH tension; the amide I 
band appears at 1712.18 cm-1 due to the increase in the 
intensity of the amino groups, while it is associated 
with acetamide residues after deacetylation; absorp-
tion 1654.46 cm-1 corresponds to the doublet of the –
NH2 group, 1317.11 cm-1 corresponds to amide III, 
while the amide II band practically disappears. The 
absorption 1154.01 cm-1 is attributed to the asymmet-
ric strain of the C-O-C group, 1070.12 cm-1 and 1031 
cm-1 are vibrations of the pyranose structure. Fig. 3D 
shows the absorbances of calcareous chitin and the 
trace of the baseline to calculate the absorbances at 
1655 and 3456 cm-1, and with this, the degree of acety-
lation (GA) of the sample was evaluated: GA= 115 
[(A1655/A3456)]; and its acetylation percentage was 
64.45%. 

Fig. 2A shows the absorbances of the chitin and 
the trace of the baseline to calculate the absorbances 
that allow evaluating the GA of the sample; the per-
centage of acetylation of this biopolymer was 64.09%, 
with respect to calcareous chitin, there is no marked 
difference, despite the high content of carbonates in 
calcareous chitin. The FT-IR method was used to 

evaluate the GA of solid samples of calcareous chitin 
and chitin, since they are not soluble in most solvents, 
and it is not feasible to determine the GA by NMR. 
Fig. 2B shows the ratio of intensities of the protons 
(hydrogen ions) H1D (1.000), H1A (0.349), H2D (1.061) 
and CH3 (0.858) of chitosan by the 1H-NMR method. 
This technique was used since it does not require a 
high sample concentration. There was no interference 
between the selected signals and even combining 
them to evaluate the GA of this biopolymer. GA is a 
physicochemical property that influences the metal 
bioadsorption capacity of chitosan, which is deter-
mined by the areas of the proton peaks: %GA = [(H1A 
+ CH3/3)/(H1D + H1A + H2D + CH3/3)].100; whose 
%GA was 23.55%, and the degree of deacetylation 
(GD) value was 76.45%, being classified as chitosan 
with medium GD. In the study by Azizkhani et al. 
(2021), the FT-IR method and others (TEM, Zeta po-
tential, and XRD analysis) were used to characterize 
the structure of graphene oxide with silica and chi-
tosan. In another study, El-Naggar et al. (2022) in-
ferred the chemical structure of chitosan nanoparti-
cles (CsNPs) by FT-IR, 1H-NMR, and 13C-NMR. 

Fig. 3 shows the scanning electron microscopy 
(SEM) of the calcareous chitin (Fig. 3A), in which a 
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Figure 2. Infrared FT-IR spectroscopy of the chitin bioadsorbent to evaluate the degree of acetylation (GA) and intensity of the protons. 

(A) Infrared spectrum of the chitin and the trace of the base line to calculate the absorbances that allow the evaluation of the GA; (B) ratio of intensities of the protons 

H1D (1.000), H1A (0.349), H2D (1.061) and CH3 (0.858) of chitosan by the 1H-NMR method. 

 

A B 

  

C  

 

Figure 3. Scanning electron microscopy (SEM) of 

bioadsorbents. 

(A) calcareous chitin; (B) chitin; and (C) chitosan. 

 
rough surface is observed, due to the high content of 
carbonates, while chitin (Fig. 3B) has overlapping 
layers with a more homogeneous surface. It is also 
noted that the surface of chitosan (Fig. 3C) consists of 
overlapping layers, somewhat less rough than calcar-
eous chitin. 

The experimental results were analyzed and vali-
dated using the Langmuir and Freundlich isotherm 
models and the Elovich kinetic model to describe the 

ion bioadsorption capacity (Ag+). Table 1 shows the 
bioadsorption isotherms using different particle sizes 
of the three types of bioadsorbents. It can be seen that 
in all the adsorption isotherms, the size of the granule 
influences, with the bioadsorption of Ag+ ions being 
greater at a size of 60-80 mesh diameter (0.25-0.18 
mm); and comparing the three bioadsorbents, the 
most efficient is chitosan. The analysis of the correla-
tion coefficient shows that the Freundlich model is 
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Table 1. Adsorption parameters of natural bioadsorbents according to granulometry and Langmuir, Freundlich, and Elovich models. 

Bioadsorbente  
Mesh 

size* 

Langmuir parameters Freundlich parameters Elovich parameters 

qm 

(mg/g) 

Mean ± SD 

b 

(L/mg) 

Mean ± SD 

R2 
K 

Mean ± SD 

1/n 

Mean ± SD 
R2 

KE 

(L/mg) 

Mean ± SD 

qm 

(mg/g) 

Mean ± SD 

R2 

Calcareous chitin 20-40 39.69 ± 0.44 0.03 ± 0.01 0.89 2.73 ± 0.25 0.51 ± 0.06 0.99 0.11 ± 0.04 16.11 ± 0.41 0.84 

40-60 44.82 ± 0.29 0.04 ± 0.01 0.87 3.77 ± 0.18 0.49 ± 0.10 0.97 0.16 ± 0.05 17.60 ± 0.61 0.81 

60-80 46.51 ± 0.45 0.04 ± 0.01 0.85 3.87 ± 0.16 0.50 ± 0.04 0.96 0.14 ± 0.05 19.50 ± 0.61 0.76 

Chitin  40-60 19.46 ± 0.29 0.03 ± 0.01 0.85 3.34 ± 0.07 0.33 ± 0.03 0.97 0.26 ± 0.04 5.99 ± 0.49 0.65 

60-80 21.55 ± 0.32 0.05 ± 0.03 0.93 3.90 ± 0.08 0.31 ± 0.01 0.98 0.74 ± 0.04 5.35 ± 0.38 0.82 

Chitosan  20-40 65.36 ± 0.72 0.19 ± 0.03 0.88 13.46 ± 0.09 0.37 ± 0.03 0.93 2.19 ± 0.10 17.24 ± 0.50 0.80 

40-60 68.96 ± 0.95 0.39 ± 0.08 0.87 22.19 ± 0.08 0.27 ± 0.02 0.95 27.55 ± 0.48 11.99 ± 0.22 0.77 

60-80 72.46 ± 0.70 0.53 ± 0.05 0.86 25.53 ± 0.20 0.28 ± 0.02 0.92 38.43 ± 0.45 12.82 ± 0.13 0.77 

*Mesh 20-40 = 0.8-0.42 mm; mesh 40-60 = 0.42-0.25 mm; mesh 60-80 = 0.25-0.18 mm. qm: Maximum solute bioadsorption capacity, in the monolayer (mg/g); b: Langmuir or affinity energy constant 

(L/mg); K: adsorption energy function; 1/n: adsorption intensity; KE: Elovich equilibrium constant (L/mg); SD: Standard deviation. The analysis of variance (ANOVA) for the adsorption parameters 

of natural bioadsorbents according to granulometry and models shows that the difference in means is statistically significant (p<0.05; 0.0003 calcareous chitin, 0.005 chitin, and 0.00003 chi-

tosan). 

 
more efficient for the bioadsorption of Ag+ ions; the 
adsorption energy function (K) values increase as a 
function of the decrease in adsorbent particle size, 
which reaffirms that the adsorption capacity of bioad-
sorbents increases as their size decreases; the values 
of adsorption intensity (1/n) are in the range of 0.1-
1.0 for the three sizes of bioadsorbents, indicating that 
adsorption is favorable in all cases. Al-Wabel et al. 
(2021) used the models of Langmuir, Freundlich, Red-
lich-Peterson, and Temkin to determine the adsorp-
tion parameters of chitosan-BC (CBC) microsphere 
beads. Azizkhani et al. (2021) validated the results of 
adsorption of graphene oxide with silica and chitosan 
with the models of Langmuir, Freundlich, Temkin, 
Harkins-Jura and Dubinin-radushkevich. They 
showed that the Langmuir, Freundlich, and Temkin 
models fit well for cadmium ion (Cd2+) removal. Us-
ing the Langmuir model, the maximum adsorption 
capacity (126.58 mg/g) of the modified adsorbent was 
determined. El-Naggar et al. (2022) used the model of 
Langmuir, Freundlich, and Elovich to evaluate the 
adsorption of synthetic dyes and trace metals simul-
taneously from chitosan nanoparticles (CsNP); the 
adsorption of the synthetic dye followed the Lang-
muir model, while the adsorption of the lead ion 
(Pb2+) followed the Freundlich and Elovich model. 

Table 2 describes the adsorption parameters of 
natural bioadsorbents according to temperature and 
according to the Langmuir, Freundlich, and Elovich 
models. The analysis of the three experimental tem-
peratures shows that the Freundlich model also better 
describes the process. The K values increase as the 
temperature of the solution increases, the optimum 
being between 20-30°C; the values of 1/n are between 

0.1-1.0 for the three temperatures, indicating that bio-
adsorption is favorable. Analyzing the maximum 
solute bioadsorption capacity (qm) of Langmuir in all 
the experiments, varying the size of the bioadsorbent 
or the temperature, it is observed that chitosan has a 
greater adsorption capacity for Ag+ ions, followed by 
calcareous chitin. 

Based on the results of the three bioadsorbents 
(calcareous chitin, chitin and chitosan), it has been 
verified that chitosan shows greater adsorption 
and/or chelation capacity, therefore, for the Ag+ de-
sorption study, chitosan (0.42-0.25 mm), 0.1 M H2SO4 
and 0.1 M Na2SO3 were used; and the percentage of 
desorption was determined at 10, 20, 30, 40, 50, 60, 70, 
80 and 90 min. At 10 min, desorption was determined 
to be 73% and 86% for H2SO4 and Na2SO3, respective-
ly. And after 60 min, practically 82 and 92% are re-
covered in each case, which indicates that the desorp-
tion and adsorption of Ag+ are fast and efficient pro-
cesses. In a previous study, Petrova et al. (2015) ex-
plain that the sulfo groups of N-(2-sulfoethyl)-
chitosan are efficient in selectively adsorbing copper 
(Cu2+) and silver (Ag+) ions from complex solutions. 
The selectivity coefficient KAg/Cu increased to 20 
(ammonium acetate buffer solution pH 6.5) with an 
increase in the degree of sulfoethylation of the adsor-
bent to 1.0. Li et al. (2020) have shown that silver chlo-
ride-modified chitosan trapped in cross-linked chi-
tosan microspheres (AgCl@CM) are excellent adsor-
bents of iodide anions found in wastewater. Al-Wabel 
et al. (2021) showed that chitosan-BC microsphere 
beads (CBC) remove 16.2-25.6% more sulfathiazole 
(STZ) from contaminated aqueous media than other 
bioadsorbents.  
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Table 2. Adsorption parameters of natural bioadsorbents according to temperature and the Langmuir, Freundlich and Elovich models 

Bioadsorbente  T° 

Langmuir parameters Freundlich parameters Elovich parameters 

qm 

(mg/g) 

(Mean ± SD) 

b 

(L/mg) 

(Mean ± SD) 

R2 
K 

(Mean ± SD) 

1/n 

(Mean ± SD) 
R2 

KE 

(L/mg) 

(Mean ± SD) 

qm 

(mg/g) 

(Mean ± SD) 

R2 

Calcareous chitin 10 39.68 ± 0.17 0.03 ± 0.01 0.84 1.57 ± 0.10 0.34 ± 0.02 0.91 0.19 ± 0.02 16.39 ± 0.10 0.69 

20 44.24 ± 0.15 0.04 ± 0.02 0.87 3.35 ± 0.03 0.33 ± 0.02 0.93 0.18 ± 0.01 17.60 ± 0.20 0.82 

30 49.51 ± 0.35 0.05 ± 0.01 0.88 3.64 ± 0.03 0.12 ± 0.01 0.91 0.22 ± 0.02 18.51 ± 0.12 0.78 

Chitin  10 17.66 ± 0.13 0.02 ± 0.01 0.81 1.57 ± 0.06 0.37 ± 0.02 0.81 0.19 ± 0.03 6.94 ± 0.08 0.59 

20 20.87 ± 0.10 0.03 ± 0.01 0.80 1.99 ± 0.22 0.34 ± 0.02 0.91 0.18 ± 0.02 7.14 ± 0.03 0.60 

30 24.39 ± 0.10 0.03 ± 0.01 0.80 3.36 ± 0.18 0.33 ± 0.01 0.93 0.22 ± 0.01 8.06 ± 0.04 0.64 

Chitosan  10 68.49 ± 0.39 0.33 ± 0.04 0.88 18.18 ± 0.04 0.30 ± 0.04 0.91 61.07 ± 0.03 10.89 ± 0.14 0.79 

20 68.97 ± 0.28 0.38 ± 0.02 0.87 20.08 ± 0.04 0.25 ± 0.02 0.93 27.96 ± 0.12 11.93 ± 0.08 0.77 

30 70.42 ± 0.11 0.44 ± 0.03 0.88 22.88 ± 0.02 0.24 ± 0.03 0.94 8.51 ± 0.18 14.28 ± 0.09 0.79 

T°:Temperature; qm: Maximum solute bioadsorption capacity, in the monolayer (mg/g); b: Langmuir or affinity energy constant (L/mg); K: adsorption energy function; 1/n: adsorption 

intensity; KE: Elovich equilibrium constant (L/mg); SD: Standard deviation. 

The analysis of variance (ANOVA) for the adsorption parameters of natural biosorbents according to temperature and models shows that the difference in means is statistically significant 

(p<0.05; 0.0007 calcareous chitin, 0.002 chitin, and 0.000001 chitosan). 

 

The results of this study must be considered with 
the limitation of the sample, which was a solution of 
known concentration of silver ions (Ag+) prepared 
from silver nitrate (AgNO3). Therefore, in later stud-
ies, it is being considered to carry out an investigation 
with wastewater samples from Andean areas of Peru 
that extract silver; another limitation is not having 
compared bioadsorbents with other biopolymers used 
as metal removers. Notwithstanding the foregoing, 
these findings will form part of the scientific literature 
within the green or natural line for the removal of 
heavy metals and dyes from wastewater, whose pur-
pose is to reduce environmental pollution, reduce 
endocrine dysfunction in mollusks and mitigate dis-
eases generated by free radicals (Murcia-Salvador et 
al., 2019). 

CONCLUSION 

According to the results, it is concluded that the 
bioadsorption of silver ions (Ag+) by chitosan is 
greater with respect to calcareous chitin and chitin. 
The Langmuir model fits for the Ag+ isotherm and 
suggests that the process is mainly controlled by phy-
sisorption (weak adsorbate-adsorbent interaction 
forces). Scanning electron microscopy (SEM), 1H-
NMR spectroscopy, and Fourier Transformed Infra-
red (FT-IR) spectroscopy analysis of bioadsorbents 
show the presence of hydroxyl and amino groups that 
are involved in adsorption. 
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