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Abstract: Risk to human health arising from intake of heavy metals in foods and water is of great concern, one of the major
application of chitosan and its derivative is its ability to chelate strongly metal ions. This adsorption capacity could be
increased by crosslinking or forming its nanocomposite. In this research study, chitosan/2,7 - naphthalenediol nanocomposite
was formed, the nanocomposite was characterized using FTIR spectrophotometer and UV/Visible spectrophotometer. The
adsorption of cadmium ion by the nanocomposite and chitosan alone was studied for comparison using CdCl2 solution
containing Cd (II) ions. Amount of cadmium ion adsorb by each of them was studied at different time interval and evaluated
using atomic absorption spectrophotometer (AAS). Results showed that chitosan/2,7 - naphthalenediol nanocomposite would
adsorb maximum Cd2+ concentration of 0.017 mg/g at 20 minutes stirring time, while chitosan alone would adsorb maximum
Cd2+ concentration of 0.016 mg/g at 10 minutes stirring time. It is therefore concluded from this study that both the chitosan
and the nanocomposite have demonstrated almost the same degree of efficiency towards the removal of Cd2+ ion from aqueous
medium and therefore both can be used in the treatment or removal of heavy metal ions from industrial effluents and other
waste water.
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1. Introduction
Determination of trace metals is of interest because while
some are essential nutrients some are toxic. Metals like zinc,
manganese, copper, chromium, iron and cobalt are essential
trace elements for humans, animals and plants [1]. On the
other hand, lead, cadmium, nickel, arsenic and mercury etc
are toxic even at low levels. The need to estimate the levels
of these metals in materials or samples have increased
tremendously after reports on different roles they play in
human health and disease [1].
A good number of industries are responsible for the
release of heavy metals into the environment through their
wastewater [2]. Some of these heavy metals are extremely
toxic elements and can seriously affect many living species
especially human. Duffus reported that heavy metals are

metals that have shown to be harmful and toxic to the
human body [3, 4] and constitute a major public health
concern [5, 6]. These metals could cause acute and chronic
toxicity by various modes of action in both children and
adults [7, 8]. Lead in the body affects the nervous system,
kidneys and blood [9]. Removal of these metals from
wastewater is important, among the many other low cost
absorbents identified; Chitosan has the highest sorption
capacity for several metal ions because they possess a
number of different functional groups such as hydroxyls
and amines to which metal ions can bind either by chemical
or by physical adsorption [10-12]. Its adsorption
performance can be further improved by cross linking with
reagents which can stabilize it in acid solution and increase
its mechanical properties. [13].
Chitosan is a transformed polysaccharide obtained by
deacetylation of natural chitin, which is the structural
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element in exoskeleton of crustaceans (Crabs, Shrimps, etc)
and cell walls of fungi [14]. It is hydrophilic, nontoxic,
biodegradable and biocompatible material with the ability
to form complexes with metals, due to the presence of
amino groups on the polymer matrix, which can interact
with metal ions of the solution by ion exchange or other
complexation reactions (mainly chelation). The insolubility
of chitosan in aqueous and organic solvents is a result of its
crystalline structure, which is attributed to extensive
intramolecular and intermolecular hydrogen bonding
between the chains and sheets, respectively. Cadmium has
been reported to be toxic at certain threshold levels, the
need therefore arises to investigate the use of synthetic
adsorbents in the removal of cadmium ion from aqueous
system.

2. Material and Methods
2.1. Synthesis of Chitosan/2,7 - Naphthalenediol
Nanocomposite

Figure 1. UV -Visible spectrum of Chitosan/2,7 - Naphthalenediol
Nanocomposite.

1.2 g of 2,7 - naphthalenediol was dissolved in 20 ml of
distilled water and stirred, using magnetic stirrer for 1
hour. 0.8 g of chitosan was dissolved separately in 40 ml
of 0.10 molar HCl. The dissolved 2,7 - naphthalenediol
was added to the chitosan in the presence of CDI
(carbodiimide) as a catalyst and stirred for 10 mins. The
PH of the reaction mixture was adjusted to 6.5 with 0.10
M NaOH solution and stirred at room temperature for 24
hour. It was then filtered, the residue was air dried and
stored in desiccator. It was then characterized using
Nicholet 1S5 FTIR.
2.2. Comparison Between Adsorption of Cadmium Ions on
Chitosan and the Nanocomposite
20mg/L cadmium solution was prepared using analytical
grade CdCl2 powder. 20 ml of the CdCl2 solution was taken
and 20 mg of chitosan was added. Then the mixture was
continuously stirred using magnetic stirrer for 10 minutes.
The same procedure was repeated and stirred for 20 minutes
and 40 minutes respectively. Each of the solution was filtered
and the filtrates were analyzed using atomic adsorption
spectroscopy to determine amount of cadmium absorbed by
chitosan.
The same steps were repeated using Chitosan/2,7 naphthalenediol nanocomposite, to determine amount of
cadmium absorbed by the nanocomposite respectively.

Figure
2.
UV/Visible
spectra
(http://webbook.nist.gov/chemistry).

of

2,7

-
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3. Results and Discussion
3.1. Concentration of Cadmium Ion Adsorbed
The Table below show the concentration of cadmium ion
adsorbed by chitosan and the nanocomposite respectively
after addition of 20 mg of each adsorbent to 20 mL of the
solution containing 20 mg CdCl2 and stirred for 10 mins,
20mins and 40 mins.

Table 1. Concentration of Cadmium ion Adsorbed.
2+

Concentration of Cd adsorbed by chitosan
(mg/g)
0.016
0.009
0.006

Concentration of Cd2+ adsorbed chitosan/2,7 - naphthalenediol
nanocomposite (mg/g)
0.001
0.017
0.005

3.2. Efficiency of the two Adsorbent.
It was observed that both chitosan and the nanocomposite

Time of stirring
(minutes)
10
20
40

adsorb heavy metals, in this case, cadmium ions. The
nanocomposite adsorbed cadmium ions within concentration
range of 0.001 to 0.017 mg/g. A maximum Cd2+

International Journal of Photochemistry and Photobiology 2020; 4(1): 17-20

concentration of 0.017 mg/g was adsorbed at 20 minutes and
this value represent the utmost concentration the adsorbent
can attain before saturation set in. The adsorbing behaviour
of the chitosan/2,7 - naphthalenediol nanocomposite
decreases for 40 mins stirring time. Similar result was
obtained using pure chitosan as an adsorbent. In this case, a
maximum Cd2+ concentration of 0.016 mg/g was adsorbed at
10 minutes stirring time after which saturation occur and the
removal efficiency of the adsorbent decreases for 20 minutes,
and further decrease was observed for 40 minutes stirring
time. However it is important to emphasise from this study
that there is practically no difference in the maximum
amount of cadmium ion that can be removed from aqueous
solution using the two adsorbent (chitosan (0.016 mg/g) and
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chitosan/2,7 - naphthalenediol nanocomposite (0.017 mg/g).
Cadmium has been found to be associated with skeletal
damage [15]. It is also discovered that it is detrimental to
reproductive system and embryonic development [16], while
prolonged exposure to cadmium could cause nausea,
vomiting, and abdominal pain among others [17].
It is therefore more economical and involves minimum
procedures if chitosan alone is used for Cd2+ ion clean up from
aqueous medium including industrial effluents since its adsorbing
efficiency compare favourably with what was obtained using
chitosan/2,7 - naphthalenediol nanocomposite. The ability of
chitosan to adsorb metal ions is due to the presence of free amino
group. In addition, the high chelating ability of chitosan also
comes from its hydroxyl and ether groups [18].

Figure 3. IR spectra of the Chitosan/2,7 - naphthalenediol nanocomposite.

4. Conclusion
Since the efficiency of both the chitosan and the
nanocomposite is nearly the same towards the removal of
Cd2+ ion, therefore both of them could be used for the
treatment or removal of cadmium ion and other heavy metal
ions from industrial effluents and other waste water.
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