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1. Introduction – Toxic heavy metal contamination of the aquatic ecosystem has been a significant 

problem at a global scale [1,2]. Indeed, the waste effluent from chemical industries, battery 

manufacturing units, dyes and paint industries and ore mining units contains significant amounts of toxic 

heavy metals [3,4]. This leads to irreversible accumulation of the heavy metals in the various tissues of 

sea animals, thus endangering the entire aquatic biota. The conventional methods currently employed to 

adsorb these contaminants are precipitation, membrane filtrations and adsorption [5,6]. The adsorption 

method of metal removal has always been widely exploited due to its cost-effectiveness and efficient 

nature. Various absorption systems studied for the water purification purpose have been developed and 

analysed in this work: alginate and chitosan based beads and films. 

Alginate derived from brown algae is a highly popular material for the biosorption of heavy metals due to 

its advantages, such as low cost and high affinity to metals via gelation. Abundant functional groups 

which can crosslink with cations, such as carboxy and hydroxy groups, are found in sodium alginate. 

Thus, due to the negatively charged carboxyl groups, it can electrostatically adsorb heavy metal ions by 

chelation. Chitosan, a low-cost natural polysaccharide produced from the deacetylation of chitin, has been 

used in many studies for adsorption of heavy metal ions. Along with being biodegradable and cheap, the 

chitosan shows remarkable adsorption properties due to the presence of functional groups, such as 

amine and hydroxyl ones, which play as active sites for metal ions adsorption. Nevertheless, the chitosan 

presents some drawbacks (i.e. low acid stability, inadequate mechanical strength and low thermal 

stability) which restrict its real application.   

In this context, the present work is aimed at setting up the production conditions for the obtainment of 

alginate and chitosan beads and films, to the potential application as heavy metals absorbers. 

 

2. Experimental – Sodium alginate and chitosan were dissolved in water and in an aqueous solution of 

acetic acid, respectively, in order to be used for the production of both films and beads. In details, the 

alginate films were produced by solvent casting method: it was combined with a calcium chloride 

solution and the mix was poured into a suitable support, then let dry. A crosslinking post treatment was 

performed in CaCl2 solution, at different concentrations and for different dipping times, in order to select 

the optimal conditions. For the obtainment of alginate beads, the alginate solution was dropwise added 

into a gelation medium made of CaCl2 solution. The beads thus formed were cured in the gelation 

medium, taken out and then washed with distilled water.  

Similarly, the chitosan films were prepared by the casting method: a solution of chitosan, distilled water, 

acetic acid and glycerol was poured into a suitable support, then left to dry. For the chitosan beads 

production, the chitosan solution was dropwise added to a solution of sodium hydroxide (NaOH) and 

ethanol. The beads thus formed were then washed with distilled water. 

All the systems were analysed with an optical microscope and swelling and solubility tests were carried 

out for the beads and films, respectively. 

 

3. Results and Discussion – Homogeneous beads and defect free films were achieved. The optimal 

crosslinking conditions for the alginate films preparation were identified, as demonstrated by means of 

the solubility tests. Concerning the swelling tests carried out on the alginate beads, the alginate beads 

showed a slow water absorption in the initial phase of the swelling process. However, after 3 hours, there 

was a drastic increase in water absorption and in the next 2 hours the spheres reached maximum swelling. 

In details, they were characterised by a maximum water absorption of 250% and a swelling kinetics 

which, on average, led to an equilibrium between 240 minutes and 360 minutes, with an increase in size 

as high as 60% of the initial diameter (Image 1).  
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Image 1 – Optical micrographs of the alginate beads  

in the initial state (left) and in the swollen state (right).  

 

4. Conclusion – In conclusion, the tests performed so far have shown that the developed polysaccharide 

systems present the physico-chemical characteristics appropriate for the heavy metals absorption. Future 

developments include the production of coated systems, in order to properly tailor their permeability, and 

of composite and blend systems, using selected inorganic fillers and also other biopolymers, as well as the 

demonstration of the heavy metals absorption capability by means of innovative analytical techniques. 
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