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Abstract 
Chitosan, as a natural biopolymer obtained from recycled sources, has a high affinity for 

removing various contaminants present in water systems, ranging from metal compounds, 

dyes, to pharmaceuticals. It has been demonstrated that modified chitosan can be 

successfully used to remove contaminants from various environmental matrices. This 

review presents the advantages and limitations of chitosan-based adsorbents that remove 

organic and inorganic pollutants from water and wastewater. It explains how chemical 

and physical modifications affect the adsorption properties of chitosan adsorbents. 

In addition, the possibility of the regeneration of materials used in the adsorption process 

is indicated. 
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1. Introduction 
The most common pollutants in aquatic systems are metal compounds, including toxic 

metals, organic dyes, or emerging contaminants (such as pharmaceuticals, cosmetics, etc.). 

Considering the significant pollution of water and sewage resulting from human activity 

(industry, urbanisation, agricultural activity, etc.), we are currently looking for effective 

methods for pollutant separation [1, 2]. The adsorption process has been successfully used 

for this purpose. The adsorption process is relatively cheap, and the possibility of selecting 

adsorbents allows the process to be controlled in the way to achieve the highest possible 

separation efficiency. The main advantage of this process is the possibility of using 

environmentally friendly adsorbents, e.g., biochar, graphene, metal oxide modified 

materials, etc. [3], as well as naturally-derived sorption materials such as chitosan.  

In recent years, there has been an increase in seafood consumption, which has led to 

an increase in shell waste. Therefore, it is necessary to find a convenient way to use them. 

Due to the slow and challenging process of shell decomposition, the production of chitosan 

(CS) by deacetylation of chitin (being a main shell component) has become an 

environmentally friendly process, not only because of the reduction of shell waste but also 

because of the specific properties of chitosan [4, 5]. Chitin is extracted from various 

sources, such as the shells of crabs and shrimps, the exoskeletons of insects, and the cell 

walls of certain species of fungi and algae. Various chitin polymeric forms are present in 

shrimp and crab shells, squid tentacles, and cephalopods' stomach lining: α-, β-, and 

γ-chitin, respectively (Figure 1). In chitosan, the –OH group on the second carbon atom 

of cellulose is replaced by an acetyl –NH2 group. Therefore, chitosan is a copolymer 

consisting of two repeating units, i.e., N-acetyl-2-amino-2-D-glucopyranose and 2-amino-

2-deoxy-D-glucopyranose [6]. 

 

 

Figure 1. Polymeric forms of chitin. 

 

Chitosan has a high affinity for adsorbing various contaminants (organic and inorganic) 

from aqueous solutions. This naturally occurring polymer is non-toxic, biocompatible, 

biodegradable, cheap, and hydrophilic [7, 8]. 

In this paper, the latest achievements (mainly from 2020 to 2025) in the utilisation of 

chitosan-based adsorbent in the elimination of organic and inorganic contaminants (such 

as metal ions and organic dyes) from aqueous solutions using the adsorption process have 

been presented. The effect of the modification process on the chitosan-based adsorbents'  
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sorption properties has been discussed. The main advantages and limitations of chitosan-

based adsorbents were considered, including their regeneration method and impact on the 

environment. 

 

 

2. Characteristic and Adsorption Properties of Chitosan-Based 

Adsorbents 
The high adsorption capacity of chitosan is due to the presence of numerous reactive 

functional groups in its structure. The binding of metal ions by chitosan and chitosan-

based adsorbents may result from chelation, electrostatic attraction, or an ion exchange 

mechanism in which pH plays a key role. The adsorption capacity of chitosan depends on 

its crystallinity, affinity for water, and degree of deacetylation. Most aqueous acids 

dissolve chitosan. Acids' protonation of the amino groups of chitosan creates many 

cationic sites, increasing its solubility (polarity increases). The amino groups of chitosan 

are responsible for chelation and binding to metal ions. Moreover, chitosan, as a polymer 

with cationic nature (pKa 6.2–7), is protonated in an acidic environment (–OH and –NH2 

groups converted into –OH2
+ and –NH3

+), therefore it has an electrostatic charge that 

enables the sorption of nutrients such as phosphates or nitrates (e.g., NO3
- and PO4

3-). 

Chitosan can also adsorb anionic dyes and halogens due to the anion exchange mechanism. 

Moreover, –NH2 and –OH functional groups enable the adsorption of other pollutants such 

as phenol, antibiotics, and pesticides [9–13]. 

The adsorption capacity of chitosan and chitosan adsorbents depends on the degree of 

deacetylation, molecular weight, and crystallinity, i.e., the availability of amino groups. 

The degree of deacetylation of chitosan depends on the concentration and temperature 

applied during the chitin deacetylation process, with the sorption capacity increasing as 

the degree of deacetylation increases. Deacetylation is the process where the N-acetyl 

groups of chitin are chemically hydrolysed in acidic or alkaline conditions. Since low pH 

can potentially break the glycosidic bond, alkaline deacetylation is preferred. This process 

can occur at low temperatures (known as homogeneous deacetylation) or at high 

temperatures (referred to as heterogeneous deacetylation), depending on the product being 

produced. Furthermore, the increase in temperature allows the deacetylation process to be 

carried out in a shorter time [13–15]. The increase in chitosan concentration in the solution 

and the increase in the molecular weight reduce the degree of deacetylation and improve 

the adsorption kinetics (CS is then more hydrophobic). On the other hand, the higher the 

molecular weight of chitosan, the lower its solubility [16, 17]. Considering the properties 

of chitosan (Figure 2), especially its high crystallinity, low mechanical strength, and its 

solubility in an acidic environment, it cannot be directly used as an adsorbent; hence, its 

modifications are necessary [18]. 
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Figure 2. Advantages and disadvantages of chitosan [based on literature 19, 20]. 

 

 

3. Modification of Chitosan-Based Adsorbents 
Chitosan-based adsorbents can be enhanced through physical and chemical modifications 

to improve their application properties. The different forms of chitosan, such as beads, 

powder, film, or nanofibers, are physically modified by blending and conversion. Chitosan 

composites obtained by mixing chitosan with other materials will exhibit better physical 

strength and adsorption performance, and their thermal and acid pH stability will increase 

[19]. Organic and inorganic fillers are used for this purpose. Organic fillers improve the 

adsorption properties of chitosan by forming hydrogen bonds with the amino group of the 

chitosan molecule, introducing additional active sites. Based on literature, chitosan 

blending with cellulose, carboxymethyl cellulose (CMC), polyacrylic acid (PAA), 

polyethylene oxide (PEO), and poly(vinyl alcohol) (PVA), etc., to form an organic-organic 

hybrid network. In addition, various inorganic compounds such as graphene oxide (GO), 

zeolite (Ze), fly ash (FA), etc., can enhance the adsorption properties of chitosan. While 

these inorganic fillers are stable, they often lack strength, making it challenging to modify 

their structure, size, shape, physical and chemical properties [11]. 

 

3.1. Physical Modification of Chitosan-Based Adsorbents 

Chitosan adsorbents obtained by physical modification successfully remove organic dyes 

and metal compounds from aqueous solutions (Table 1). For example, chitosan-cellulose 

beads are used to remove Ni(II), Cu(II), and Cr(III) ions from wastewater [21], while the 

3D porous bioadsorbents based on chitosan/alginate/cellulose nanofibers (CSA) can 

remove Eriochrome black-T (EBT) dye from aqueous solutions [22]. The chitosan-

cellulose composite features a crystalline structure, while the chitosan-alginate composite 

has a three-dimensional, interconnected porous structure, making them potentially 

effective adsorbents [20, 21]. Tang et al. prepared a new chitosan composite that is grafted 

with polyacrylic acid and graphite oxide (CS-g-PAA/GO) to separate cationic dyes such 

as rhodamine 6G (R6G) and methyl violet (MV) from aqueous solution [23]. Another 

organic filler that improves the efficiency of adsorption of metal ions and organic dyes is  
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Table 1. Selected chitosan-based adsorbents obtained by physical modification and their 

application for removing of selected pollutants from aqueous solutions (years 

2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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Table 1. (continued) Selected chitosan-based adsorbents obtained by physical 

modification and their application for removing of selected pollutants from 

aqueous solutions (years 2020–2025). 
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poly (vinyl alcohol). For example, Vatanpour et al. prepared a chitosan/polyvinyl alcohol 

(CS/PVA) thin membrane incorporating detonation nanodiamonds (DNDs) as an 

adsorbent for Pb(II) ions [24]. In turn, a mixture of magnetic biocomposites made from 

chitosan, poly(vinyl alcohol), and fly ash (m-CS-PVA/FA) was utilised to remove reactive 

orange 16 (RO16) [25]. As mentioned, graphene oxide is successfully used as an inorganic 

filler to increase adsorption efficiency. Mittal et al. synthesised CS/CMC-NCH 

cross-linked nanocomposite hydrogels (NCH) with graphene oxide to remove organic 

dyes such as methylene blue (MB) and methyl orange (MO) [26]. Ahmed et al. obtained 

a magnetic nanocomposite of chitosan-graphene oxide decorated with copper ferrite 

(MCSGO) to remove safranin O (SAF) and indigo carmine (IC) dyes from wastewater 

[27]. Moreover, graphene oxide@chitosan (GO@CS) composite beads and the magnetic 

graphene oxide composite (GOH/DMCS) can eliminate methylene blue from aqueous 

solution [28, 29]. Other heavy metal ions (e.g., Pb and Cd) can be removed from aqueous 

solution using chitosan cross-linked into graphene oxide/iron(III) oxide hydroxide 

(CS/GO/Fe) nanocomposites [30]. 

Furthermore, the cross-linked chitosan-zeolite composite adsorbent and 

chitosan/zeolite-A hybrid composite (CS/Ze-A) can be used for efficient removal of toxic 

metal ions such as Pb2+, Cd2+, and As5+ from aqueous solutions [31, 32]. The cross-linking 

of chitosan enhances its stability and mechanical strength, while incorporating zeolite into 

the chitosan-based adsorbent provides additional surface area and active sites for the 

adsorption of Pb(II) ions [31]. The CS/TGIG-NF membrane modified by ionic cross-

linking (using sodium dodecyl sulfonate, SDS, and triglycidyl isocyanurate, TGIC) 

enables the removal of divalent salts and heavy metal ions such as CuCl2, FeCl3, and 

ZnCl2. The membranes were prepared in a gradient cross-linking process, which improves 

the composite's mechanical strength and permeability while ensuring salt retention [33]. 

The NH2-Ag-MOF@CSC composite sponge cross-linked with citric acid can effectively 

remove chromium ions from aqueous solutions. The NH2-Ag-MOF@CSC composite 

possesses a significantly larger specific surface area than pure chitosan microspheres, 

making it an effective adsorbent for metal ions [34]. Moreover, Babakhani and Sartaj used 

cross-linked chitosan beads containing sodium tripolyphosphate with an ionic imprint  

(II-CLCB) and without an ionic imprint (NI-CLCB) for biosorption of cadmium(II) ions. 

The adsorption on a porous adsorbent is usually a multi-step process. During the first stage 

of adsorption, which occurs in the boundary layer or as a result of external diffusion, the 

process occurred more rapidly with the NI-CLCB composite. However, in the second 

stage, involving metal diffusion within the pores, the adsorption process was quicker for 

the II-CLCB composite. Due to cross-linking, metal ions have more difficulty accessing 

the active sites of NI-CLCB, unlike II-CLCB, which features mesopores on its surface. 

[35].  

The NaX zeolite and chitosan hybrid composite (NaX/Ze-CS) can be used to remove 

copper(II) ions [36], and a nanocomposite consisting of MgFe2O4-chitosan-ZSM-5 zeolite 

(NCs MgF-CS-Ze) or chitosan/zeolite (CS/Ze-DZC) composites can be used to remove 

acid red (AR) and reactive orange 122 (RO122) from aqueous solutions, respectively 

[37, 38]. Organic fillers such as zeolite improve chitosan-based adsorbent properties. 

Mazouz et al. found that increasing the zeolite content in the beads affects the efficiency 

of Cu(II) ion removal. Because the adsorption of Cu(II) ions onto zeolites occurs through 

ion exchange, the pH of the solution influences the adsorption by the competition between 

the hydrogen cations H+ and the copper Cu(II) cations on the available surface [36]. 

Additionally, it is believed that filling chitosan with zeolite enables the production of 

a composite material with better thermal and mechanical stability. Adding ferrites to the 

zeolite-chitosan composite enhances the adsorbent's ability to separate from water, thus 

facilitating its regeneration [37]. Moreover, chitosan modified with fly ash can effectively 
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adsorb selected organic dyes and metal ions from an aqueous solution. Li and Ren 

developed a new adsorbent (Y/CS/MFA) consisting of a small amount of CS and Y3+ ions, 

which were doped onto acid-modified fly ash (referred to as MFA) to remove direct green 

6 (DG 6). The adsorption capacity of the Y/CS/MFA composite is much higher than that 

of raw FA, Y/MFA, and CS/MFA composites. Because the Y/CS/MFA composite consists 

of inorganic matter, rare earth elements, and organic compounds, the removal efficiency 

of DG 6 dye was close to 100%. Y/CS/MFA can simultaneously play the role of bridging, 

chelating, and neutralising adsorption in the adsorption process of DG 6 [39]. Magnetic 

chitosan-fly ash adsorbents, such as CS/FA/Fe3O4 and Fe3O4@CTS/FA, effectively 

remove reactive orange 16, direct blue 86 (DB 86), and direct black 19 (DB 19) dyes from 

aqueous solutions, respectively [40, 41]. The results indicate that a strong electrostatic 

interaction between the protonated amino (–NH3
+) functional group of CS-FA/Fe3O4 

composite and sulfonate (–SO3
-) groups of the RO16 dye affects the growth of the RO16 

dye removal [40]. Electrostatic adsorption was identified as the primary interaction 

between anionic dyes (DB 86 and DB 19) and Fe3O4@CTS/FA [41]. Tran et al. used the 

CTS-ZFA-Fe3O4 adsorbent to remove As5+ ions from water. In an acidic environment, the 

adsorption of arsenic (V) ions onto the composite occurred due to electrostatic interaction 

between adsorb metal ions and –OH2
+ and –NH3

+ groups which exist on the CTS-ZFA-

Fe3O4 surface (at low pH, the protonation of the amino group on the composite 

increases) [42]. 

 

3.2. Chemical Modification of Chitosan-Based Adsorbents 

Because chitosan contains an amine group, it can be successfully chemically modified 

through various reactions, such as alkylation, acylation, quaternisation, carboxyalkylation, 

phosphorylation, sulfation, and grafting. The presence of hydroxyl groups in chitosan 

enables modification by reactions such as O-acetylation, hydrogen bonding with polar 

atoms, cross-linking, grafting, etc. (Table 2) [43, 44]. 

Grafting chitosan improves its antibacterial, chelating, and complexation properties 

[45]. Graft polymerisation allows the modification of the surface of a material by mixing 

two or more polymers. Grafting causes a change in the type and number of functional 

groups on the chitosan surface, which increases active adsorption sites. In the grafting 

process, an initiator system is often applied: Fenton's reagent, ferrous ammonium sulphate, 

ceric ammonium nitrate, ammonium and potassium persulphate, potassium 

diperiodatocuprate, and also enzymes and γ-irradiation [44, 46–48]. Grafting 

modifications to chitosan enables more effective removal of organic dyes (e.g., acid red 27 

(AR27), acid blue 83 (AB 83), etc.) and metal ions (e.g., As3+) from aqueous solutions.  

Enhanced antimicrobial and antifungal properties of chitosan can be achieved through 

the quaternisation process, which involves introducing a quaternary ammonium group into 

the biopolymer backbone [44, 49]. Chitosan quaternisation occurs on side groups without 

disturbing the main CS skeleton (the material gains additional properties while 

maintaining physicochemical and biological properties). As a result, a positive charge is 

generated onto chitosan (leading to electrostatic repulsion between chitosan chains), with 

the grafting of lateral alkyl chains [50]. Quaternisation enables the removal of a wide range 

of contaminants such as organic dyes (e.g., Congo red (CR)), heparin, or high-molecular-

weight invert sugar alkaline degradation products (HISADPs). 

The carboxylation process (introduction of carboxyl groups to chitosan) significantly 

improves the water solubility of chitosan, its biocompatibility, as well as its flocculating, 

antibacterial, thickening and film-forming properties. The carboxylation reaction can 

occur with either the hydroxyl or amino groups present in the chitosan molecule, whether 

individually or together. Most commonly used for this purpose is glyoxylic acid, which  
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Table 2. Examples of various chitosan-based adsorbents used to remove selected 

contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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Table 2. (continued) Examples of various chitosan-based adsorbents used to remove 

selected contaminants from aqueous solution (years 2020–2025). 
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can directly oxidize the hydroxyl groups of chitosan to carboxyl groups, or chloroacetic 

acid, which can react with C2-NH2 and C6-NH2 on chitosan to form N,O-carboxymethyl 

chitosan [40, 51–52]. The latest studies report that modified chitosan, as a result of the 

carboxylation reaction, enables the effective separation of divalent metal ions such as 

copper, zinc and lead.  

Furthermore, the alkylation process increases the solubility of chitosan by weakening 

the intermolecular hydrogen bonds. The solubility of the chitosan derivative can be 

controlled by the length of the alkyl chain of the introduced derivative (since the alkyl 

group is hydrophobic). Depending on where the alkyl group is introduced, chitosan 

molecules are distinguished as N-alkylation (the reaction takes place in the C2-NH2 group 

of chitosan) and O-alkylation (the reaction takes place in the C6-OH or C3-OH group acid 

derivatives, i.e., acid anhydrides and acid halides, are used as acylating agents). 

A distinction is made between O-, N- or N,O-acylation. N-acylation takes place in the 

amino group, O-acylation in the hydroxyl group, and N,O-acylation takes place 

simultaneously in the OH and NH2 groups. As with carboxylation and alkylation, the 

course of the acylation reaction depends on the type of acylating agents used. N-acylation 

of chitosan (the reaction usually takes place preferentially at C2-NH2) improves its 

solubility in water, while O-acylated chitosan is more soluble in fats and is used to create 

stable, hydrophobic materials [72]. Adsorbents prepared in this way can be used to remove 

metal ions (e.g., Cu2+, Cd2+, and Cr3+), dyes (e.g., methyl orange, congo red), 

or pharmaceuticals (e.g., Ciprofloxacin (CIP) or nalidixic acid (NA)) from aqueous 

solutions. On the other hand, introducing anionic phosphate groups into chitosan results 

in an amphoteric polyelectrolyte that contains cationic amino groups. This modification 

significantly enhances the material's ability to exhibit both positive and negative charges 

across a wide pH range [63]. Therefore, the obtained sorption materials are successfully 

used to remove both metal ions (e.g., Co2+, U6+) and organic dyes (e.g. Acid Red 88 

(AR 88)) from aqueous solutions.  

Considering the low strength, possibility of regeneration, and reuse of chitosan 

adsorbents, they are subjected to a modification process. For this purpose, the cross-

linking method is commonly used and frequently employed, typically alongside other 

modification techniques. Cross-linking agents (e.g., glutaraldehyde, epichlorohydrin, 

genipin, etc.), which contain at least two functional groups in their molecules, act as 

bridges between polymer chains by connecting to the functional groups of chitosan. This 

process allows linear chitosan particles to form a three-dimensional network structure 

resistant to water dissolution [11, 18]. 

Table 2 presents information summarising the capabilities of chitosan-based 

adsorbents obtained by various chemical modifications and intended to remove 

contaminants from aqueous solutions. 

 

 

4. Recovery, Regeneration, and Reusability of Chitosan-Based 

Adsorbents 
The essential feature of a good adsorbent is its ability to be reused and recovered, thanks 

to which the costs associated with its production can be significantly minimised. Spent 

adsorbents can be recovered and regenerated using magnetic separation, filtration, thermal 

desorption, solvent regeneration, microwave irradiation, supercritical fluid regeneration, 

advanced oxidation, and microbiologically assisted regeneration [75 and references 

therein]. In the case of chitosan-based adsorbent, chemical, biological, and thermal 

regeneration is used. The main limitations during the regeneration of chitosan-based 

adsorbent include its low mechanical stability, low chemical stability, and 

biodegradability. Moreover, chitosan decomposes at high temperatures and biodegrades in 
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contact with microorganisms due to the presence of oxidisable or hydrolysable bonds in 

its skeleton [9]. The macromolecular structure of chitosan and its many active spots enable 

a high adsorption capacity for pollutants. After the sorption process, chitosan-based 

adsorbents become saturated, toxic, and hardly biodegradable, and the bound pollutants 

can be washed out into the environment. Therefore, they must undergo a regeneration 

process before disposal and release into the environment [8]. Regeneration is carried out 

to remove adsorbed substances (solute or ion exchanger) by chemical treatment with 

mineral acids (H2SO4, HCl and HNO3), salts (NaCl, KNO3, Na2CO3, Na2SO4), bases 

(NaOH, NH4OH), complexing or chelating compounds (EDTA, Na2EDTA) or a solution 

of organic acid (citric acid) and water [76, 77]. Thermal and biological desorption methods 

are not recommended because chitosan is not resistant to high temperatures and is also 

easily biodegraded in the presence of microorganisms [76]. Cationic dyes' desorption 

occurs when the solution's pH is lowered (then protonation of the adsorbent functional 

groups occurs), therefore, acidic desorbing solutions are commonly used to regenerate 

chitosan adsorbents. A chlorodihydrogen acid solution is most commonly used for this 

purpose because chloride anions from HCl can also form complexes with cationic dye 

molecules, and the resulting uncharged complex is released in the solutions [78]. Kim et 

al. carried out the regeneration of carboxymethyl chitosan-modified magnetic-cored 

dendrimers (CCMDs) after the adsorption of methylene blue (MB) using 0.1 M HCl 

(pH=2) in five consecutive recycling cycles. The desorption efficiency of MB was more 

than 99% [79]. Zeng et al. regenerated granular chitosan adsorbent (GA) in an alkaline 

solution (NaOH), as a result of which the bound arsenic (V) was transferred to the solid 

phase of the leaching solution. It has been proven that NaOH can be successfully used to 

wash As(V) ions from the adsorption column without destroying the adsorption properties 

of GA. Maximum arsenic desorption was demonstrated after approximately 4 hours and 

total desorption after approximately 14 hours [77]. Furthermore, Kwok et al. carried out 

the natural desorption of arsenic from chitosan flakes using a smaller amount of 

unbuffered water instead of a sodium hydroxide solution. The main advantage is the 

virtually zero cost of the desorption process, and the recovered chitosan can be 

successfully recovered and reused in separation processes. In addition, the concentrated 

arsenic solution can be reused in technological processes [80]. Da Silva Bruckman et al. 

investigated the separation efficiency of a chitosan-based magnetic adsorbent (CS·Fe3O4) 

for ivermectin from an aqueous solution using NaOH and EtOH as desorbents. It was 

shown that ethanol enables higher regeneration and reuse efficiency, even after five 

consecutive sorption-desorption processes, than sodium hydroxide. This was probably due 

to the good solubility of the adsorbed antibiotic in EtOH. In contrast, NaOH proved 

effective up to the third sorption-desorption cycle, probably due to a change in the surface 

of the adsorbent [81]. In turn, Mao et al. used the Pd(II) ion-imprinted chitosan fibre (ICF) 

and the non-imprinted chitosan fibre (NICF) to separate metal ions from acidic solutions 

and also carried out a two-step desorption process for the selective removal of Pd(II) from 

solutions containing the interfering metals such as Co2+, Ni2+, Cu2+ and Pt4+ ions. It was 

found that two-step desorption during 1 M NaOH solution and 0.25 M thiourea dissolved 

in 0.5 M hydrochloric acid can be an efficient regeneration process in the selective 

desorption of Pd2+ from ICF adsorbent. It was confirmed that the two-step desorption 

process enables the selective separation of platinum group metal ions from acidic 

solutions. In the first desorption step, NaOH was used to wash out approximately 43.3% 

and 64.4% of Pt4+ ions from NIF and ICF, respectively. In the second desorption step, 

86.5% of Pd2+ ions and 13.5% of Pt4+ ions were desorbed using acidified thiourea as an 

adsorbent (NICF), and 95.4% of Pd2+ ions and 4.6% of Pt4+ ions were desorbed using ICF 

as an adsorbent [82]. Vijayalakshmi et al. performed a desorption process (during 0.1 M 

HCl solution) from nanochitosan (NCS)/sodium alginate(SA)/microcrystalline cellulose 
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(MC) beads, which were used to remove Pb(II) ions from aqueous solution. After the first 

sorption-desorption process, 75.10% of lead(II) ions were released into the chloride 

solution, while after the second process, 65.10% were released. The re-adsorption capacity 

of the tested metal ions was 97.38% and 93.07%, after the first and second sorption-

desorption cycles, respectively. The lower efficiency of the desorption process may be 

caused by blocking some active sites and changes in the chemistry and structure of the 

obtained NCS/SA/MC biosorbent. The process of releasing lead(II) ions from the chitosan 

adsorbent into an aqueous hydrochloric acid solution occurs as a result of ion exchange 

[83]. Maity and Ren used a composite adsorbent (Cs-PMA-HNT) made from chitosan 

with cross-linked polymethacrylic acid (PMA) and nanoscale halloysite nanotubes (HNT) 

to remove lead(II) and cadmium(II) ions from aqueous solutions. Five consecutive 

sorption-desorption processes were carried out using 0.1 M Na2EDTA and 0.1 M HNO3 

as eluents. It was shown that HNO3 better desorbed Cd2+ ions and EDTA Pb(II) ions. The 

tests showed that after the first sorption-desorption cycle, 98% of Pb2+ ions and 88% of 

Cd(II) ions were recovered using EDTA, and 90% of Pb2+ ions and 95% of Cd2+ ions using 

HNO3. After five sorption-desorption cycles, 86% and 71% of lead(II) ions were removed 

using EDTA and HNO3, respectively, and 86% and 71% of cadmium(II) ions were 

removed using EDTA and HNO3, respectively. Strong electrostatic interactions between 

the metal ions and the adsorbent surface were found, and there was an absence of any 

irreversible changes on the adsorbent [84]. As stated above, chitosan adsorbents can be 

regenerated using salt solutions. Gao et al. compared the regeneration process of chitosan 

cross-linked zeolite molecular sieve (CTS/ZMS) used to remove nitrates from 

contaminated water with a 1 M solution of Na2CO3 and NaCl and a 1 M solutions of HCl 

and NaOH. The regeneration rate of CTS/ZMS when exposed to Na2CO3, HCl, NaCl, and 

NaOH solutions was 83.7%, 25.33%, 11.33% and 2.0%, respectively. The relatively low 

nitrate removal rate with HCl, NaCl and NaOH solutions was due to irreversible damage 

to the CTS/ZMS adsorption sites caused by the chloride and hydroxyl groups of the 

eluents. After five consecutive sorption-desorption cycles using Na2CO3 as a desorbing 

solution, the sorption capacity of CTS/ZMS decreased from 1.768 to 1.534 mg/g. Due to 

its low price and regeneration efficiency, Na2CO3 can be successfully used as a desorbing 

agent for chitosan adsorbents [85]. In turn, Liu et al. compared the regeneration process 

of chitosan-derived magnetic nanomaterial (CS-FeO) using NaOH, Na2SO4 and NaCl 

solutions against nitrite adsorption. The most effective eluent was the Na2SO4 solution, 

because after 5 times of regeneration (adsorption rate was approximately 55%) with this 

salt, no decrease in the adsorption rate was observed between each regeneration, and the 

adsorption of nitrite by CS-FeO with Na2SO4 as the eluent was still significantly higher 

than with NaOH or NaCl as the eluents. In addition, a new type of nanomaterial was 

synthesised by grafting porphyrin onto FeO, the removal rate of which was 80% after  

5-fold regeneration with NaOH and after 5-fold regeneration with HCl, 85%, probably 

because both porphyrin and anthracite are involved in the adsorption of nitrite (surface 

adsorption) [86]. 

Regenerating adsorbents is crucial for both environmental and economic reasons. This 

process helps to reduce pollution and the costs involved in synthesising new sorption 

materials. Moreover, the regeneration process reduces the amount of sorption materials 

produced. During the chemical regeneration of chitosan, diluted aqueous solutions of 

acids, bases, and inorganic salts are utilised, which should not significantly harm the 

environment. Additionally, these solutions can be reused multiple times.  
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5. Summary 
In obtaining adsorbents, special notice should be paid to their structure, sorption capacity, 

chemical and mechanical stability, and the possibility of reuse, biodegradability, or low 

production cost [87]. Despite the many advantages of chitosan, particularly its chemical 

structure, i.e., the presence of functional groups that favour the adsorption process and the 

possibility of obtaining it from natural shell waste, its use in its pure form is ineffective. 

Pure chitosan is mechanically unstable, highly crystalline, and dissolves in acidic aqueous 

solutions, which is why it undergoes a modification process. Currently, chitosan 

adsorbents obtained through chemical and physical modifications are of great interest to 

scientists and are mainly used to remove metals and their compounds, as well as organic 

dyes from water and wastewater, as well as pharmaceuticals in municipal wastewater. 

This review presents detailed information on the adsorption capacity of chitosan-based 

adsorbents and explains that the modified adsorbents show high sorption capacity to 

remove various contaminants. In addition, the paper presents a method of regeneration of 

the used chitosan adsorbents, including the possibility of their reuse in the next sorption-

desorption process. However, despite numerous reports in the literature, there is still no 

comprehensive understanding of the sustainable management of used adsorbents, which 

often contain toxic pollutants. The chitosan-based adsorbents presented in this paper prove 

that it is necessary to develop cheap, environmentally friendly adsorbents with a high 

sorption capacity for specific pollutants. In conclusion, chitosan adsorbents show great 

adsorption potential not only for removing pollutants but also for recovering valuable 

metals from aqueous solutions. The extraction of chitosan from waste and the use of 

modified chitosan adsorbents are not only economically beneficial but also 

environmentally friendly and in line with the idea of sustainable development. 
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