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Abstract: Pb? is considered to be very a toxic pollutant in the aquatic @ntal media. Biopolymeric

chitosan synthesized from snail shell has been studied for its pe@enti remove heavy metals from
aqueous solution. The experiments were conducted in the ran g/L initial Pb? concentration at
298 K. The effects of pH, adsorbent dosage and contact tim the@adsorptive property of the adsorbent
were investigated and optimized. The derived chitos, haracterized using Fourier transform
infrared spectrometer (FT-IR) and X-ray florescence (XR¥) xperimental data obtained were analysed

using the Langmuir and Freundlich adsorption
second order kinetic model suitably described t

© odels. The Langmuir model and pseudo
of@pion and kinetics of the process with a regression
hydroxide was a better desorbing agent than
hydrochloric acid and de-ionized w#@&. From€@e results obtained, it is concluded that synthesized
biopolymers from land snail shells ha tential for the removal of Pb? from aqueous solutions.

¢ and industrial sources. Apart from the background concentration of Pb?* in water, its
pre be attributed to the corrosion of lead pipes, the use of gasoline containing lead and the release
of do 1c and industrial effluents [4]. The toxic effect of Pb?* is well known and several governmental
and non-governmental agencies like the World Health Organization (WHO), United States Environmental
Protection Agency (US EPA) and the South African Department of Water and Sanitation have established
threshold values on the concentration of Pb? in drinking water and wastewaters [5]. Pregnant women and
children are the most vulnerable to Pb? contamination even at low concentration if exposed for a very long
period of time [6,7].

Some conventional methods have been reported for the removal of heavy metals from water and
wastewater. These include chemical precipitation [2,8,9], ion exchange [2], liquid membrane extraction [10],



chemical coagulation and flocculation [11]. These methods are ineffective at low metal concentrations and
generate a lot of sludge that cause disposal problems [9]. Other methods like adsorption using commercial
activated carbon [12,13], microfiltration [14], reverse osmosis [9,14] and membrane techniques [9] are
effective, but the cost of installation and maintenance are expensive which limit their use. These drawbacks
have led to a continuous search for a cheap, renewable and more economic method for the removal of
unwanted metals from aqueous solution.

Chitosan is an important natural biopolymer usually derived from the deacetylation of chitin from the
shells of shrimp, crab, and other arthropods and has been widely used in pharmaceutical industries for
drug delivery [15]. Sewvandi and Adikary [16] studied the removal of Cré* from wastewater us hitosan
derived from shrimp shells. Similarly, Mohanasrivinidasa et al. [17] investigated the remova

s of

metals and antimicrobial activity for chitosan derived from shrimp shells. Inferenge fr studies
suggests the potential use of crustacean shells as adsorbents for heavy metal remedi atto et al.
[18] investigated the coagulative property of land snail shell in reducing wate al afgmeters of

wastewater from food industries; their studies showed a reduction in the C ations of nitrates,
sulphates and chemical oxygen demand.
Land snails are widely consumed in different parts of the world s are often disposed

indiscriminately and therefore constitute a nuisance to the environ : al degrees of injuries to
children caused by discarded snail shells have been observed. é explores the potential of
h 0

preparing chitosan (a natural, biodegradable, biocompatible, biog lymer) from the shells of land
snails and using it as an adsorbent for the removal of Pb? frogaliiq s solution.

2. Experimental 0

2.1. Materials

Discarded land snail shells were collect 0 local market at Ile-Ife, Nigeria. The shells were
thoroughly washed to remove leaves, d, dirf\@nd other impurities. They were dried at 100 °C and
pulverized into fine powder. The pow s sieved using an analytical sieve of 250 micron. Analytical
grade chemicals were used in this stu ochloric acid (32%) and sodium hydroxide were supplied

by Sigma Aldrich (Johannesburg ica) while 1000 mg/L of Pb? was supplied from Merck (pty)
Ltd. (Johannesburg, South a

2.2. Preparation of Chitos

The method re
grams of the po
was boiled an

ohanasrinivasan et al. [17] was employed with slight modification. Eighty
w e¥hed into a conical flask and 100 mL of 4% NaOH was added. The mixture
t 100 °C for 2 h in a water bath. After boiling and stirring, it was filtered and washed

with distil a ed litmus was used to check if the base was completely washed away. After washing,
the pagixtul pltered and the residue was scraped gently into the petri dishes and then dried in the oven

at = .

te@fleproteinization, the weight of the sample was 62 g. Thirty milliliters of 5% 1 M HCl was added
to the roteinized sample. The mixture was boiled and stirred for 45 min at 100 °C in a water bath.
Subsequent washing was done with distilled water followed by filtration. The mixture was examined with
blue litmus to check the acidity of the mixture. The residue (chitin) obtained from above was scarped into
the petri dish and dried in the oven at 100 °C for 2 h.

Deacetylation reaction was used to convert chitin to chitosan according to a revised procedure of
Coughlin et al. [19]. Briefly, the isolated chitin was soaked in 510 mL of 50% NaOH (weighing 50 g of NaOH
pellets and dissolved in 100 mL of distilled water), boiled at 100 °C for 2 h in water bath and cooled for 30
min at room temperature. The mixture was placed on a magnetic stirrer at 30 °C for 4 h, filtered, washed



and examined with red litmus to check if the base was completely washed away. The mixture was filtered
to retain the solid matter which is chitosan. The chitosan was oven dried at 90 °C for 24 h.

2.3. Characterization of the Synthesized Chitosan

Elemental studies were performed with a Rigaku ZSX Primus II X-ray Fluorescence spectrometer
(USA). Fourier transform infrared (FT-IR) spectra of the synthesized chitosan from snail shells were
obtained using a Perkin Elmer 100 FT-IR (Waltham, MA, USA) with accessories. The sample pellets were
prepared by using a KBr press (Spectra Lab, Mumbai, India). The spectra were scanned ov: e wave
number range of 4500 to 400 cm™". The synthesized chitosan was coated with a thin layer of car% the
surface morphology was analyzed using a scanning electron microscope (SEM) (TESCAN ASI5B

Brno, Czech) and irradiated with a beam of electrons at 20 kV. Surface area agl
determined by N2 gas Brunauer-Emmett-Teller method of analysis using a Micro \’
ASAP 2020 supplied by Norcross, GA, USA. A Perkin Elmer thermal analyzer (W@lham WA
used for thermal degradation studies of the adsorbent. O

SA) was

2.4. Adsorption and Kinetics %

A Stuart reciprocal shaker with a speed of 250 rpm and a tempera 8 K was employed for all
the experiments in this study. 0.1 M NaOH and 0.1 M HCl were use adj®st the pH of the solution to the
desired value. The effect of adsorbent dosage was studied by v mass of the synthesized chitosan
in the range of 0.05 to 2.0 g using a 40 mL of 10.7 mg/L Pb* so
were obtained by varying the pH value from 2 to 12 why

. @ptimum pH values and contact time
ilibration time was varied from five to

120 min. The effect of initial Pb?* concentration was_pert using different Pb? in the range of 1-50
mg/L. In all cases, after equilibration, the solutio ituged for 3 min and filtered using a 0.45 pm
filter membrane. The filtrates were subsequent ed using Atomic Absorption Spectrometer.

3. Results and Discussion

3.1. Characterization of the Synthesize

The band observed at¢@322 igure 1) can be attributed to -NH2 or —-OH groups stretching
vibration [20]. The peak obse 15 cm™ indicated alkane —C-H stretching vibration or -OH stretch
of carboxylic acids, while 4 cm™ can be assigned to —C=C stretching vibration of alkynes [21]. The
characteristic -NH ban san was observed at 1644 cm™! [22]. The bands observed at 1376 cm™ and

1305 cm™ can be att; NO stretch of nitrogen containing compounds and —CO stretch of carbonyl
2]. The observed peak at 1028 cm™ is assigned to —CN stretch of aliphatic amines
lysis of the synthesized chitosan (Table 1) showed calcium as the major element

[22]. The elem:

s is a useful tool for investigation of the surface area and structure morphologies of
ents [23]. The SEM micrograph of the synthesized chitosan (Figure 2) shows a rough surface

of 1.7998 m?/g was determined for the adsorbent. The pore volume (1.492 x 102 cm?/g) and average pore
diameter (21.66 nm) determined is characteristic of a mesoporous material [24,25].

The synthesized chitosan (8.5 mg) was heated from 30 °C to 900 °C at 20 °C'min™! using a
thermogravimentary analyser. The biosorbent was stable up to 610 °C (Figure 3) although a little loss in
mass was recorded between 100 and 200 °C, which can be attributed to loss of bound water molecules in
the samples. The sample degraded at temperatures between 610 and 813 °C, which accounted for about
43% of the initial biosorbent. A slight degradation was observed after this point.



Table 1. Chemical analysis of synthesized chitosan.

100
Component  wt % Composition
9 Na:0O 0.58
- MgO 0.03
g ] ALOs 0.15
Eos SiO: 0.34
& P20s 0.07
': 80
= SOs 0.10 &
- cl 0.02
1028 K0 ®.04
R S . A A CaO -
Wavelenght (cm'l) FeoOs .10
SrO

Figure 1. Infrared spectra of the adsorbent.

0 200 200 600 800 1000
Temperature (°C)

s v 20w - - , Figure 3. TGA profile of synthesized Chitosan.
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er of available binding sites is expected to increase with increased quantity
. However, the amount of Pb% adsorbed per unit mass of the adsorbent decreases
at increasj due to overlapping of the adsorption sites by Pb?". From the experimental data
obtgified, . f the synthesized chitosan was found to achieve maximum adsorption of Pb?".

tage uptake of Pb* by the synthesized chitosan was found to increase with increasing
quantity gifthe adsorbent from 0.05 to 2.0 g/L. This finding can be attributed to the increase in binding sites
on the ddsorbent as the number of available binding sites is expected to increase with increased quantity
of the adsorbent [25,26]. However, the amount of Pb? adsorbed per unit mass of the adsorbent decreases
at increasing dosage due to overlapping of the adsorption sites by Pb?". From the experimental data
obtained, 1.0 g/L of the synthesized chitosan was found to achieve maximum adsorption of Pb?.

The dependence of adsorption of Pb% was nearly constant between pH values of 2 to 10, although a
slight increase in the uptake of Pb* was recorded between pH 2 and 4. The optimum pH value for this
study is four. This can be attributed to electrostatic balance between the protonated amine sites and Pb?
[27,28]. There was a decrease in the uptake of Pb* by the synthesized chitosan at pH > 10. The cause for the




phenomenon could be due to reduced solubility and precipitation of Pb% under alkaline condition [26].
Pb? is soluble in pH < 4 but will precipitate out of solution under neutral and alkaline conditions. The
mechanism of the interaction based on the optimum pH is purely by adsorption while that of alkaline pH
can be regarded as a mixture of adsorption/precipitation [27,28].

There was a rapid uptake of Pb? by the synthesized chitosan within 5 min of equilibration (98%) which
is due to the availability of vacant binding sites on the surface of the adsorbent. A gradual increase in the
uptake of Pb* was further recorded up to 40 min of equilibration (99%) due to the filling of the remaining

binding sites on the adsorbent. Beyond this time, no significant increase in the adsorption capacity of Pb?
was determined, indicating that equilibrium has been reached. This phenomenon can be expla as due
to repulsive forces between Pb? on the surface of the adsorbent and Pb? in the aqueous phageshk5 [NGifhilar
optimum time for Pb?" sorption has been reported by Hikmat et al. [29], althoughgSangi [30] and
Tahiruddin and Ab Rahman [31] reported an optimum time of 50 min and 30 min for thad on of Pb2
onto activated carbon from rice husk and peanut shells, respectively.

3.3. Adsorption and Kinetic Studies

The adsorption isotherm is an extremely important tool for under i e distribution of the
adsorbate on the adsorbent surface at equilibrium [32,33]. Langmuir an@@re ich isotherm models were
used to describe the equilibrium data obtained. Langmuir isother Pl to the monolayer adsorption
process while the Freundlich isotherm is a semi empirical equ b on the adsorption process that
occurs on heterogeneous surfaces [34,35]. The linearized eq n angmuir and Freundlich isotherm
models are:

@

A plot of 1/geversus 1/Ce gave a strai ith a regression coefficient (R?) of 0.99 (Figure 7) with 1/gmax
as intercept and 1/bgmax as slope. s the initial metal concentration (mg/L) and b the Langmuir
constant (L/mg). R > 1 ind18ges vourable monolayer adsorption process, Rr =1 linear, 0 <Rr <1
favourable and R: = 0 irrevegsi ,36].

The plot of log ge g*Ce, which also gave a straight line with a linearized coefficient of 0.89,

implying that the ad cess could also be controlled by physisorption as a result of weak van der

Waals forces betw;, u@se of adsorbent and adsorbate. Based on the correlation coefficients obtained
from the Lang Freundlich isotherm models, it can be deduced that the adsorption process is more
favoured b ngmuir isotherm model. This is consistent with other results reported in literature

[37,3
0 e kinetics of the adsorption process, the experimental data were subjected to the pseudo
firs nd pseudo second order kinetic models. Equations (4) and (5) show the linearized forms of the
pseud t and pseudo second kinetic models, respectively.
k
lo —q,) =logqg, — (== 4
9. —a.) =logq, - (5 2) 4)
t 1 t
= ( 5 ) 4+ —
qt que qe (5)

where g. and g: are the amounts of Pb* adsorbed at equilibrium and at time ¢, k1 and k2 are the rate constants
of the pseudo first and pseudo second order model. The correlation coefficients obtained from the plots of



the pseudo first order and pseudo second order models are 1.0 and 0.65, respectively (Figures 9 and 10).
The pseudo second order best describes the kinetics of the adsorption process which corroborate with the
findings of Ahmad et al. [34], Moyo and Chikazaza [39] and Chen et al. [40] in the adsorption of Pb* by
macrocylic calyx [4] naphthalene, acid treated maize tassels and thiacalix[4]arene composites, respectively.

4. Conclusions

This study has shown that synthesized chitosan from land snail shells can be employed for the
adsorption of Pb? from aqueous solution and wastewater. The mechanism of the adsorption 2+ onto
the adsorbent is believed to be through the adsorption of the metal onto the amine functional of the
adsorbent. The equilibrium data obtained fit better into the Langmuir isotherm model thanQe lich

f

isotherm model, implying a chemisorption mechanism.
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