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Abstract
The utilization of Chitosan and its modified forms has been researched and applied
globally, with the most prominent usage being in removing highly toxic heavy metals from water
sources. Discovery of novel organic sources of chitosan and different methods of modification
have also increased interest in this field, coppering to many modification methods and their
uses. This study aims to examine the viability of extraction and modification of chitosan for water
purification. Extraction of chitin was achieved using Lates calcarifer scales, and was further
converted to chitosan. FTIR spectroscopy tests were carried out after each step to ascertain
desired product was obtained. Chitosan was modified with Aldehydes and Acid with Acetic
Anhydride. The modified chitosan and unmodified chitosan were used in heavy metal adsorption
tests. The effectiveness of different modified versions and unmodified chitosan was compared
and the results were conclusive. Chitosan modified with aldehyde proved to have the greatest
heavy metal ion sorption capabilities for Zn2+ ions at 100% while that modified with ethanoic acid
and acetic anhydride had the greatest sorption capability for Cu2+ ions at 100%.
1. Introduction
Water is an essential and valuable resource for human development, but in recent years
industrialisation, the advancement of technologies in agriculture and an increase in urbanisation
has led to a decrease in clean and safe-to-drink water sources. Varying forms of pollutants,
such as pharmaceuticals, pesticides, dyes and heavy metals have led to contamination of water
sources around the globe (Ali, et al., 2018; Basheer, 2019). Heavy metals are one of the most
toxic pollutants and are also non-biodegradable, making them the most hazardous out of all the
pollutants. It is hence a priority to remove and eliminate them from contaminated wastewater
before discharging to the environment (Mojiri, Ziyang, Tajuddin, Farraji & Alifar, 2016).
Adsorption is often the most effective and economically viable way to remove non-degradable
pollutants from water, especially heavy metals, as stated by Ali, Khan and Asim, 2011.
Chitosan is a linear polysaccharide composed of randomly distributed β-(1-4)-linked
D-glucosamine

(deacetylated

unit)

and

N-acetyl-D-glucosamine

(acetylated

unit) can

polymerase by means of a cross-link formation in the presence of anions and polyanions.
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In the last decade, we have seen scientific discoveries of many novel organic sources of
chitosan. Most involve the extraction and modification of chitin. Organic sources of chitosan
include prawn shells, which Antonio et. al., 2017 achieved using two 10-minute bleaching steps
with ethanol after demineralization and deproteinization processes. Extraction of chitin from fish
scales, on the other hand, was accomplished by Muslim, Rahman, Begum, & Rahman, 2013,
using sodium hydroxide to deacetylase chitin which was already demineralized and
deproteinized. Other sources include crab shells (Pambudi, et al., 2018), which need to be
bleached with Hydrogen Peroxide before magnetic stirring with chitosan gel.
However, the yield of chitin to be modified into chitosan varies by source, with crab
shells having the lowest yield at 10.60-12.73% (Pandharipande & Bhagat, 2016), prawn shells
had a higher yield at 14.72%±0.57% (Varun, et al., 2017), whilst the scales of Labeo rohita had
the highest yield, which is 22.36% (Muslim et al., 2013).
Chitosan has useful properties such as hydrophilicity, biodegradability and presence of
highly reactive amino (-NH₂) and hydroxyl (OH⁻) groups in it, it has proven to be effective in the
removal of heavy metals from polluted waters (Ahmad, Ahmed, Swami, Ikram, 2015).
Chitosan’s metal-binding efficiency could be further increased through chemical
modification with the cross-linking reagents including ethylene glycondiglycidyl ether,
formaldehyde, glyoxal, epichlorohydrin, glutaraldehyde, and isocyanates. (Ahmad et al., 2015)
The modification of chitosan to generate new biofunctional compounds has been of great
interest because the modification would not alter the fundamental structure of the chitosan
(Rajasree & Rahate, 2013)
Chitosan can also be modified with aldehydes. Sobahi et al., cross-linked chitosan with
glutaraldehydes in water and stirred it for 15 minutes. The resultant was decanted and the
remaining moisture was removed with a vacuum oven at 40℃ for 24 hours. The uncrosslinked
aldehydes had an average polymer capacity for FeCl3 of about 16.18 mg/g and for Cu2O4 it was
around 18.26, while the cross-linked aldehydes once again had much better adsorption
capabilities. The crosslinked aldehydes had an average polymer capacity for FeCl3 of about
15.48 mg/g and for Cu2O4 it was around 17.88 mg/g. (Sobahi et al., 2011)
However, the main roadblock hindering more widespread use of adsorption as a method
of water purification is the lack of adequate regeneration methods for recycling spent
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adsorbents, as mentioned by Vakili et al., 2
 019. Chitosan as an adsorbent is advantageous due
to its abundance, low price, antibacterial property, non-toxicity as well as biodegradability and
high adsorption capability (Nie, Deng, Wang, Huang, & Yu, 2014).
This study aims to extract chitosan from Lates calcarifer (Asian Sea Bass) using the
methods outlined by Pandharipande, Jana, & Ramteke, 2018, before modification to test the
abilities of chitosan in terms of its heavy metal ion adsorption capacity.
2. Materials and Methods
2.1 Materials
Scales of Lates calcarifer was obtained from various supermarkets in Singapore. All other
chemicals were obtained from the Biology Laboratory in the SRC.
2.2 Methods
Extraction of Chitin from Fish Scales
Fish scales (Lates calcarifer, 200g) were washed with tap water and then dried in an oven for
overnight. Then, the scales were blended to powder before it was demineralized using 1 mol/L
HCl (1:10 W:V) for 24 hours at 30oC. It was subsequently thoroughly rinsed with DI water
through a cloth filter for at least 6 times. Leftover fish scales present in the filtrate were obtained
through centrifugation at 7000 rpm for 7 min. After that, it was deproteinized using 1M Sodium
Hydroxide solution overnight at room temperature. The resultant was rinsed several times with
DI water through a cloth filter and then dried overnight before being ground into powder.
Leftover chitin present in the filtrate was obtained through centrifugation at 7000 rpm for 7 min.
An FTIR Spectrophotometer was used to ascertain the intermediate product is Chitin.
Extraction of Chitosan from Chitin
Chitin was deacetylated by adding 2M NaOH to each sample 1:10 (W/V) and then boiled at
80⁰C for 75 minutes (mins) on a hot plate. The samples were then washed continuously with
deionized water until a clear solution was obtained and filtered in order to retain the solid matter,
which is chitosan. Leftover chitosan present in the filtrate was obtained through centrifugation at
7000 rpm for 7 min. The samples were left uncovered and oven-dried for 24 hours before being
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ground into powder. An FTIR Spectrophotometer was then used to ascertain that the product is
Chitosan.
The Chemical Modification of Chitosan (Aldehyde)
Chitosan (0.5 g) was suspended in 1.0g of distilled water for 1h. A few drops of ethanoic acid
were added and placed in an ultrasonic bath for a further 2h until complete solubility was
obtained. Hexanal (0.5 g) was added dropwise while stirring. The mixture was stirred for a
further 3 h. The material formed was separated by filtration. The obtained product was dried in
vacuum at 40 °C for 24 h. FTIR was used to check for chitosan peak and aldehyde peak
present in the compound.
The Chemical Modification of Chitosan (Acid and Acetic Anhydride)
Chitosan (0.5 g) was suspended in the least amount of distilled water for 1 h. Few drops of
ethanoic acid was added using a dropper and sonicated for a further 2 h until homogeneity was
obtained. About 2 ml of acetic anhydride was dropwise added while stirring and the reaction
mixture was stirred for a further 30 min. The reaction mixture was heated for 1 h at 50 °C and
then an aqueous sodium hydroxide solution was added carefully after cooling to adjust the
medium at pH 8.5. The formed pale yellow material was ltered off and dried in vacuum at 40 C
for 24 h. FTIR was used to check for chitosan peak and acid peak present in the compound.
Heavy Metal Ion Adsorbent Test
Batch experiments were carried out at room temperature (25±2°C) in stoppered conical flasks
by shaking a fixed mass of 0.1g of modified chitosan adsorbents or pure chitosan, with 20mL of
Zn2+ (or Cu2+) solution at 250 rpm until equilibrium was reached. The initial, intermediate and
final concentration of Zn2+ (or Cu2+) was determined by a colourimeter. 
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3. Results and Discussion
3.1 FTIR Spectroscopy Tests

Figure 3.1a

Figure 3.1b

Figure 3.1a is the FTIR Spectroscopy graph to ascertain that chitin was obtained from fish
scales. The presence of a peak at 3650 – 3200 cm-1 indicates the presence of -OH functional
group, whereas peaks at 2960 - 2850 cm-1 indicate the presence of sp3 Carbon-Hydrogen
bonds (Get In The Zone - The basics of Reading Infrared Spectrometry Graphs, n.d.). A peak at
around 1600cm-1 indicates the presence of the acetamide functional group (Acetamide, n.d.).
Together, these indicate that the substance extracted is indeed chitin (Chitin, n.d.).
Figure 3.1b is the FTIR Spectroscopy graph to ascertain that chitin was successfully modified
into chitosan. The presence of a peak at 3650 – 3200 cm-1 indicates the presence of -OH
functional group (Get In The Zone - The basics of Reading Infrared Spectrometry Graphs, n.d.),
while a peak at about 1650 cm-1 indicates the presence of a primary amide (Jabs, n.d.). The
removal of amide II and amide III during deacetylation were also reflected in the absence of
peaks at around 1556 cm-1 and 1315 cm-1. Thus, the compound obtained was chitosan.
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Figure 3.1c

Figure 3.1d

Figure 3.1c and d are the FTIR Spectroscopy graphs of aldehyde modified chitosan and acetic
anhydride modified chitosan respectively. The presence of a peak at 2700 cm-1 indicates the
presence of the aldehyde functional group for hexanal-modified chitosan, while the presence of
the carboxylic acid peak at 1690-1760 cm-1 shows that chitosan was successfully modified with
acetic anhydride.
3.2 Heavy Metal Ion Sorption Test
All 3 chitosan adsorbents proved to have high heavy metal ion sorption capabilities, with the
acid and acetic anhydride-modified chitosan adsorbent having the greatest capability for copper
(II) ions at 100% and the aldehyde-modified chitosan adsorbent having the greatest capability
for zinc ions at 100%.

Figure 3.2
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3.3 Data Analysis
The Kruskal-Wallis test was carried out to determine significant differences in the heavy metal
ion sorption and antibacterial properties between the different chitosan adsorbents.

Heavy Metal Ion Sorption Between Chitosan Adsorbents
Chitosan Adsorbent

Pure Chitosan

Aldehyde-Modified
Chitosan

Acid & Acetic
Anhydride-Modified
Chitosan

p-value (Zinc (II) Ion
Sorption)

0.009

0.009

0.009

p-value (Copper (II)
Ion Sorption)

0.009

0.009

0.009

Figure 3.3
From the p-values obtained, it can be concluded that the results obtained by both modified
chitosan adsorbents are significantly different from that of pure chitosan adsorbents. This is true
for antibacterial properties, copper (II) ion sorption and zinc (II) ion sorption.
4. Conclusion
Based on the FTIR spectroscopy tests, chitin was successfully extracted from Lates calcarifer
scales, and was then successfully converted into chitosan. Chitosan was also successfully
modified using the aldehyde hexanal and an acetic anhydride-ethanoic acid combination. Based
on heavy metal ion sorption tests carried out using Cu2+ and Zn2+ ions, the sorption capability of
modified variants of chitosan proved significantly different from pure chitosan, with
aldehyde-modified chitosan showing the greatest Zn2+ sorption capability, and acetic
anhydride-modified chitosan showing the greatest Cu2+ sorption capability.
4.1 Future Work
Antibacterial tests can be conducted on the chitosan adsorbents, and heavy metal ion loaded
chitosan adsorbents can also be regenerated. Different methods of chitosan modification can
also be applied and tested using similar methods to evaluate the best overall chitosan
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adsorbent in terms of heavy metal ion sorption and antibacterial properties. Once established,
the selected adsorbent(s) can be tested in polluted water sources to show applicability.
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