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The purpose of the research was to compare the properties of snail shell particulate (SSP) and its derivatives to
those of commercial chitosan (CC) as potential adsorbents. Chitin (CT) was synthesized by deproteinizing and
demineralizing SSP with dilute sodium hydroxide (NaOH) and hydrochloric acid (HCI) solutions, respectively.
Chitosan (CH) was prepared by partially deacetylating CT with concentrated NaOH. The extracted CH was
modified with 10.00% (w/v) oxalic acid (CHox). Energy dispersive X-Ray (EDAX), Fourier transform infrared
(FTIR), Brunauer-Emmett-Teller (BET), scanning electron microscopy (SEM), and chromium adsorption were
used to characterize the materials. FTIR spectra of CT and CH materials showed the presence alkyne, nitrile,
primary and secondary amines/amides groups with 83.98% as the degree of deacetylation. The spectra of EDAX
of CT and CH samples showcased predominant peaks, which correspond to calcium, oxygen, yttrium, and silver.
SEM images showed tight, porous, and fractured surface for CT and CH materials unlike the snail shell and CC.
BET surface area of the adsorbents were in the increasing order of CT<CC<CHox<SSP<CH. CH has a greater surface
area of 362.32 m%*/g and a mesoporosity of 71.41%. However CHox with moisture content 1.52%, bulk density of
0.58 g/cm?, ash content (AC) 0.47% and pH 10.24, has better advantage to be used as biosorbent compared to CC
with moisture content 1.08%, bulk density of 0.49 g/cm® AC 0.87% and pH 8.58. CHox had a higher chromium
adsorption of 80.4 mg/g at a concentration of 150 mg/L, while having a relatively smaller surface area of 325.38
m?/g (68.36% mesoporosity). The potential removal techniques include ionic interaction between chromium ion
and functional groups and surface adsorption due to the textural characteristics of adsorbent samples. When
compared to CC, snail shell particle and its derivatives are potential good adsorbents.
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INTRODUCTION

Gastropoda is a wide taxonomic family of invertebrates
that includes snails and slugs. This category includes all types
of snails and slugs, as well as those found in the sea,

The preparation and characterization of cost effective
biosorbents for the remediation of contaminated effluents
(wastewater) is becoming more appealing and efficient (da
Silva Alves et al., 2021). Among many other products, chitosan
(CH) is promising alternative for heavy metal and other water
contaminating effluent removal (Upadhyay et al., 2021). CH
can be made from the shells of shrimp, prawns, crabs, insects,
and other crustaceans and used for water treatment, wound
healing, and other purposes (Sirajudheen et al., 2021). Because
of their low cost and high content of amino and hydroxyl
groups, CH from gastropoda is effective biosorbent that can
enhance the removal of different aquatic contaminants via
chemical chelation, electrostatic and ion exchange
interactions (Keshvardoostchokami et al., 2021).

freshwater, and on land. There are a large number of
freshwater limpets, freshwater snails, land snails, and sea
snails (Hamli et al., 2019). In terms of the overall number of
species, the gastropoda are the class with the second-highest
number of species names, after insects. The gastropoda class
is the most diverse in the phylum mollusca, with 65,000 to
80,000 extant snail and slug species (Gulbis, 2019). Gastropods
are among the greatest potential choices utilized in heavy
metal biomonitoring investigations. The synthesis and
characterization of cheap biosorbents from gastropods for the
treatment of polluted effluents (wastewater) has improved in
efficiency (Nguyen et al., 2023). Among many other products,
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CH is promising alternative for heavy metal and other water
contaminating effluent removal (Zhang et al., 2021).

Heavy metals in waters and biota suggest natural or
anthropogenic sources linked to industry and domestic
effluents (Singh et al.,, 2022). To extract chitin (CT),
crustaceans’ exoskeletons, such as shrimp shells, crab shells,
fish scales, gastropod shells, and operculum, can be exploited.

CT is a polysaccharide composed of N-acetylglucosamine
residues that are connected together by pB-1.4-glycosidic
bonds. CT is found in sponges, corals, and mollusks, and is the
primary component of fungal walls and arthropod shells
(crustaceans, insects, and arachnids). CT, for example, is
nature’s second most abundant biopolymer after cellulose as a
working estimate for annual turnover ranges 1010-1011
tonnes (Vinod et al., 2020). However, it is mostly acquired for
scientific and industrial uses from marine invertebrates like as
crabs, shrimps, lobsters, and krill. CT’s characteristics are
determined by where it comes from. CT used in medical device
manufacturing must come from certified, regulated fisheries
and be adequately cleansed (Sabir et al., 2019). A simple
pyrolysis procedure was employed to make an alternative,
eco—friendly, and relatively cheaper adsorbent out of CT. The
adsorbent was termed CT derived biochar, and it was used to
treat colored effluents containing methyl violet dye (MV)
Zazycki et al. (2019). CT and its derivative CH are found
naturally in the shells of all crustaceans and in the
exoskeletons of all insects.

Due to its distinctive properties, such as biocompatibility,
biodegradability, non-toxicity, and adsorptive capacity, CH
has been widely used in a variety of industries, including food
biotechnology, biomedicine, water treatment, cosmetics, and
pharmaceuticals (Morin-Crini et al., 2019). As a result, it’s
used in a wide range of applications, including water treatment
and seed treatment. The seed treatment is the application of
biological, physical and chemical agents like fungicide or
insecticide to seeds in order to protect, improve crop
performance and disinfect them from seed-borne or soil-borne
pathogenic organisms and storage insects. The treatment of
seeds with CH or hydro-priming has shown to significantly
improve seedling emergence in the cold by 29.00%. Seeds
treatment with CH increases chitinase and glucanase activities
in both seeds and seedlings thereby protecting seedlings from
fungal disease under cold and wet environment (Huang et al.,
2021; Samarah et al., 2020). For dye and heavy metals
adsorption, CH-based adsorbents have gotten a lot of interest.
Many variations of this polysaccharide have been studied in
order to increase CH’s adsorption qualities, as well as its
mechanical and physical properties. CH, a derivative of CT, has
just been validated as a yet another alternative adsorbent for
hazardous metals found in polluted water. CH’s ability to
absorb a wide variety of heavy metals is determined by its
crystallinity, water attraction, and degree of deacetylation
(DD). The important research topics connected to CH and its
derivatives for use in dye and heavy metal removal from water
are discussed by researchers (Ahmed et al., 2020; Vakili et al.,
2019).

CH is modified to improve its original properties, making it
more appropriate for adsorption of various contaminants.
Chemical and physical changes of raw CH, such as cross-
linking, grafting, and impregnation of the CH backbone, have

yielded a variety of CH derivatives (Chin et al., 2022). A better
understanding of these variations and their affinity for various
types of pollutants will aid future study in addressing
knowledge gaps in this field. This study allows researchers to
better investigate the potential of CH-derived adsorbents for
the removal of a wide range of contaminants. Its chemical and
physical modification process derivatives have outstanding
qualities for a wide range of applications to fulfil expanding
demands. Replacement reactions, chain elongation, and
depolymerization are examples of chemical modifications,
while physical modifications result in polymeric forms such as
powders, nanoparticles, and gels (Francis et al., 2021).

Heavy metals have been introduced to natural, aquatic, and
terrestrial  ecosystems due to urbanization and
industrialization, resulting to high levels of environmental
contamination today. These heavy metals are non-
biodegradable, meaning they do not decompose or
disintegrate even after a long period, and their presence in
streams and lakes promotes bioaccumulation in living things,
resulting in health issues in plants, animals and human
(Khorshidi et al.,, 2021). Reverse osmosis, ion exchange,
solvent extraction, chemical precipitation, and adsorption
have all been proposed as ways for treating heavy metal-
polluted wastewater (Thasneema et al., 2020).

The giant African land snail shell has only recently gained
attention as a CH feedstock for the removal of organic and
heavy metal pollutants. There has not been any research on
the comparison of the physiochemical characteristics of
commercial chitosan (CC), extracted CH materials, and raw
Auchi snail shell particulates (SSPs) in relation to their ability
to adsorb chromium ions from wastewater, though. Therefore,
this study was a new attempt to compare the removal of
chromium ions from wastewater by CC and CH extracted from
auchi achatina fulica. In order to treat wastewater and
contribute to sustainable development objectives, this work
systematically encourages the synthesis of indigenous
adsorbents. In the present work, CH was prepared from snail
shell, modified, characterized and compared with CC as
potential adsorbent. The modification of CH using oxalic acid
is to improve its physico-chemical and mechanical properties
for wide applications.

MATERIALS AND METHODS

The chemicals used in this work were all analytical grades
from Sigma Aldrich in Germany and was used as received.
Some of the chemicals were sodium hydroxide (NaOH)
(98.00%) and hydrochloric acid (HCI) (99.00%) for the
preparation of CH from snail shells as well as oxalic acid
dehydrate (99.90% ) for CH modification. Distilled water was
used to wash samples and prepare aqueous solutions.

Pre-Treatment and Synthesis of Chitosan

Achatina fulica (snail shell) was used as the raw materials
for this study. The agricultural waste was collected from a
disposal outlet in Auchi kingdom, Etsako West Local
Government Area, Edo State. The samples were crushed with
mortar and pestle, and then washed before being oven dried
for 12 hours at 105 °C. The samples were ground into smaller
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Figure 1. Conversion of chitin to chitosan by alkaline deacetylation process (Yadav et al., 2019)

pieces with a grinding machine. They were sieved to 0.150 mm
particle size (Oyekunle & Omoleye, 2019a).

Two kilograms of pretreated achatina snail shells were
converted into CH through deproteinization,
demineralization, and deacetylation processes.
Deproteinization was carried by immersing the dried,
pulverized shells in a 1 M NaOH solution for six hours at 25 °C,
proteins were removed. The solution was stirred at 125 rpm
with the mass-to-solution ratio set to 1:6 (w/v or g/ml). The
solid was filtered and then washed with distilled water to
remove rid of NaOH and bring pH up to 7.0 (Wang & Zhuang,
2022).

Demineralization was achieved by immersing the
deproteinized snail shell in a 5.00% (v/v) HCI solution to
remove minerals, primarily calcium carbonate (Masselin et al.,
2021). The mass-to-solution ratio was maintained at 1:6 (w/v),
and the mixture was agitated for 30 minutes at 150 rpm at
room temperature (25 °C). The demineralized shells (CTs) were
then filtered and rinsed with distilled water to remove any
leftover acid and bring pH to 7.0. CT was then dried in a hot air
oven at 90 °C for two hours (Oyekunle & Omoleye, 2019b).

Deacetylation of CT is defined as removal of acetyl groups
from CT and replacing them with reactive amino groups (NHz).
DD determines the number of free amino groups in the
structure. Deacetylation is the conversion of N-acetyl groups
in CT to amino groups (Hahn et al., 2020). Because glycosidic
bonds are known to be acid-sensitive, the use of concentrated
alkali is the most prevalent method of CT deacetylation
(Hossain & Uddin, 2020). Although total removal of the acetyl
groups has not been reported but repeated application of
NaOH to CT can result in deacetylation of up to 98.00%. NaOH
concentration, reaction temperature and time are all factors
that influence the process efficiency (Masselin et al., 2021). CT
was deacetylated for one hour in a water bath by mixing it with
a 50.00% (w/v) concentrated NaOH solution at a solid/liquid
ratio of 1:10 (g/ml), agitation at 150 rpm, and a temperature of
80 °C, as shown in Figure 1.

The resulting CH was filtered, washed with distilled water,
and then dried in an oven for two hours at 102 °C (Wang &
Zhuang, 2022). The percentage yield (Y) of the synthesized CH
is evaluated, as follows:

weightofchitosan(g) _ 100

o . . _ weightofchitosan(g) . 100
% Chitosan yield(Y) = weightofsnailshell(g) X 1’

Chemical Modification of Chitosan

For chemical modification, 20 g of CH was mixed with a 100
ml 10.00% (w/v) oxalic acid solution, and the mixture was
continuously stirred for 60 minutes at 150 rpm and 50 °C using
a magnetic stirrer. At room temperature, CH-oxalic acid
combination generated a viscous whitish gel. The mixture was
washed repeatedly with distilled water until it attained a pH
value of seven and dried at 30 °C after 24 hours (Negm et al.,
2020). The mixture was washed with distilled water after
soaking it for two hours in a 0.50% (w/v) NaOH solution.
Finally, it was dried for two hours in an oven at 105 °C (Rathore
etal., 2021).

Physico-Chemical Characterization of Synthesized
Adsorbents

The pH of the adsorbent samples was evaluated using
ASTM E70-19 2019, the bulk density (ps) of the samples was
determined using the tampering approach according to Gao et
al. (2019), the bulk density was determined, as follows:

massofadsorbent,Ms(g)
volumeofadsorbent,V

Bulkdensity(p;) =

s(cm3)

The moisture content of the samples was determined at
105 °C using the method defined in ASTM D2216-19, 2019. The
weight loss was used to measure the percentage moisture
content of the sample, as follows:

M-M; _ 100
%X = X2,

where %X is percentage of moisture in the sample, M is weight
of wet sample (grams), and M; is weight of dry sample (grams).

Oven dry weight (g)

— - x 100.
Initial sample weight(g)

Dry matter(%) =
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The water binding capacity (WBC) of the samples was
measured to determine their textural nature. WBC of the
adsorbent materials was determined using the method of
(Fadhil & Mous, 2021). WBC was calculated, as follows:

WBC (%) _ Waterbound(g) ﬂ
Initialsampleweight(g) 1

The ash content (AC) of the adsorbents was determined by
using the method of ElNasri et al. (2022). AC is calculated, as
follows:

M, 100 Wt of ash 100

WAC = ——— X — = X —
% Mx(100-X)/100 1 Wt of Original sample 1’

where M is the mass of the sample taken for test, M; is mass of
ash, and X is percentage of moisture content present in
adsorbent.

Fourier Transform Infrared Analysis of Chitosan

To characterize SSP and its derivatives, a Fourier transform
infrared (FTIR) spectrophotometer (SHIMADZU, Model: IR
affinity) was used. FTIR ranged from 4,000 to 400 cm™!, with a
resolution of 4 cm™. 0.20 g of the granulated adsorbent sample
was encapsulated in 200 mg of KBr (sigma).

Scanning Electron Microscopy

A Karl Zeiss scanning electron microscope was used to
analyze the surface morphology and texture of CH samples
(SEM). The sample was placed on a metallic disk, spread onto
the carbon adhesive tape, and gold-coated before inspection.
SEM images were obtained at various magnifications.

Energy Dispersive X-Ray Analysis

An energy dispersive X-Ray (EDAX) analysis was
performed on the prepared adsorbents to ascertain the
elemental compositions of CH materials using BRUKER EDX
two-dimensional VANTEC-500 detector.

Determination of Surface Area by Brunauer-Emmett-
Teller Technique

The textural qualities of the samples were measured using
a micromeritics ASAP2010 analyzer (Thermo Scientific, USA).
Brunauer-Emmett-Teller (BET) technique for adsorbent
materials out gassing was performed on the sample. Moisture
and volatiles that might impair the isotherms were removed
overnight at 250#1 °C in a vacuum. Following that, the sample
was subjected to nitrogen at 77 K at various incremental
pressures.

Determination of Degree of Deacetylation of Chitosan
From Snail Shells

Using an agilent FTIR spectrometer, FTIR spectra of KBr
pellets were measured in transmission mode in the region
4,000-650 cm’l. Using the approach reported by Xu et al.
(2019), DD of the samples was determined from IR spectra, as
follows:

A1g37 X100
%DD = 100 — [%] an

Absorbance (A) = 2 — Log(%T),
where DD is degree of deacetylation, A (Aiss;) is absorbance
band at 1,837 cm'!, Az is absorbance band at 3,425 cm™!, 1.33
denotes the factor of the ratio of Aiss; to Ases for fully N-
acetylated CH and %T is the percentage transmittance.

Batch Adsorption Studies

The performance of adsorbents blends to remove
chromium was evaluated using batch adsorption experiment
as described by Upadhyay et al. (2021). The adsorption of Cr®*
was investigated by adding 1 g of adsorbent in an aqueous
solution containing the desired concentrations of Cr (VI) of 20
mg/dm3 to 150 mg/dm3. The pH of the solution was five, and it
was shaken at 150 rpm for 72 hours at room temperature in a
reciprocating shaker to equilibrate the system. The adsorption
capacity or the equilibrium adsorption capacity per unit mass
of the sample qe (mgg!) and the removal was calculated, as
follows:

_ (ci-cov
e — w ’
where V is volume of the solution in liters (I), W is weight of
the adsorbent in grams (g), Ciis initial concentration (mg/dm3),
and Ce is equilibrium concentrations of adsorbate (mg/dm3).

RESULTS AND DISCUSSION

The maximum yield of prepared CT and CH from snail shell
were 63.48% and 57.15%, respectively. This shows that snail
shell is good source of CH compared to other crustaceans like
crabs and shrimps, which contain about 14.00%-26.00% and
17.00%-35.00%, respectively as reported by Olafadehan et al.
(2021) and the yield depends on factors like the species of
snail, reaction temperature, extraction time and concentration
of acid and alkaline used (Sabir et al., 2019).

Characterization of Snail Shell, Chitin, & Chitosan

The characteristics of the snail shell and its derivatives
with CC are given in Table 1. The weight on modification at
the designated temperature yielded a high percentage of the
adsorbents.

From Table 1, CH and chemically modified CH (CHox) were
found to have pH values of 11.28 and 10.24, respectively, in
slurry. The results obtained suggest that CH and CHox have
basic surface functional groups (Pakizeh et al., 2021). There is
an optimum pH of adsorbate in which the competition of
hydrogen ions and metal precipitation are minimized hence,
encouraging metal adsorption operation (Vu et al., 2019).

The bulk densities of CH and chemically modified CH
(CHox) were the same, 0.58 g/cm3 but slightly higher than CT
(0.54 g/cm® and CC (0.49 g/cm3). This proved that the
modification process has negligible effect on their bulk
densities of CH. The obtained values for adsorbents were
favourable because they revealed that they were good
adsorbents in terms of volume activity, since adsorption is a
surface process. The experimental results agreed with 0.3g/cm3
reported by Asokogene et al. (2019) for CH from marine crab
and squilla.

From Table 1, the experimental results of the moisture
content and dry matter content of CHr were determined to be
1.52% and 98.48%, respectively. This is favourable with CC of
1.08% and 98.92%. Also, results of the moisture content and
dry matter content of CT were determined to be 4.18% and
95.82%, respectively. The percent moisture of (CHox 1.52%)
agrees with 2.81% for CH reported by Sambo et al. (2019).
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Table 1. Physico-chemical of adsorbents
pH of slurry at  Bulk density Moisture Water binding Ash content  Conductivity o

Adsorbent samples 28 °C (g/cm®) content (%) capacity (%) (%) (S/m) Dry matter (%)
SSP 6.76 1.13 8.74 308.9 3.93 117.5 93.26
CT 8.47 0.54 4.18 319.7 1.68 117.8 95.82
CH 11.28 0.58 2.11 328.5 0.49 135.9 97.89
CHox 10.24 0.58 1.52 335.6 0.47 144.1 98.48
CC 8.58 0.49 1.08 462.5 0.87 310 98.92

Note. SSP: Snail shell particulates; CT: Chitin; CH: Chitosan; CHox: Oxalic acid modified chitosan; & CC: Commercial chitosan

Table 2. Surface textural properties of chitosan materials

Samples BET surface area (m%/g) Mesoporosity (%) DR Average pore width (nm)  Total pore volume (cm®/g)
SSP 356.34 71.18 6.366 0.1826
CT 282.99 71.38 6.247 0.1568
CH 362.32 71.41 6.214 0.2032
CHox 325.38 68.36 5.749 0.2000
cC 314.18 67.05 5.842 0.1891

Note. SSP: Snail shell particulates; CT: Chitin; CH: Chitosan; CHox: Oxalic acid modified chitosan; & CC: Commercial chitosan
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Figure 2. FTIR transmittance spectrum of snail shell chitosan (CH) (Source: Authors’ own elaboration)

From Table 1, the increasing order of WBC values of the
adsorbents is SSP<CT<CH<CHwx<CC. These values were
between 295.30% and 462.50% and in agreement with similar
studies on modified CH, which were reported to be in the range
of 138.00% to 492.00% for CH synthesized from fish, crab,
shrimp and mushroom (Fadhil & Mous 2021). However, the
obtained results in this study are lower than the range, 458-
805% documented by Asokogene et al. (2019) for CC from
shrimps and crabs. Modifying and blending of the adsorbents
tremendously increased WBC of the adsorbents.

From Table 1, the percentages of AC for adsorbents were
found to be from 0.47% to 3.93%. The snail shell has the
highest AC of 3.93% while CT has the lowest value (0.47%). The
starting material for use as an adsorbent in wastewater
treatment is better when it has lower AC. The values obtained
for the samples were favourable because AC serves as
interference during the adsorption (ElNasri et al., 2022). The
results obtained for the prepared adsorbents were consistent
with results reported by (da Silva Alves et al., 2021) for AC of
CH (0.13%-32.40%).

The surface area is one of the most important
characteristics of adsorbent and materials for other unit

operations. A large surface area is a requirement for good
adsorbent. Their porosity enhances large surfaces area
constituted by the pore walls (Mahmoodi et al., 2019). Table 2
summarizes the textural characteristics of CH materials.
Natural CH has a higher BET surface area and total pore
volume than oxalic acid-modified CH (CHox) and CC. From
Table 2, the increasing order of specific surface area is
CT<CC<CHox<SSP<CH. The oxalic acid modification of CH
(CHox) produces a mesoporous material with an average pore
width of 5.749 nm and a surface area of 325.38 m?/g. These
results are similar to CC with an average pore width of 5.842
nm a surface area of 314.18 m?/g whereas the CT was
mesoporous material with an average pore width of 6.247 nm
and a surface area of 282.99 m?/g (Francis et al., 2021).

Fourier Transform Infrared Spectral Analysis of Snail
Shell Chitosan, Oxalic Acid Modified Chitosan,
Commercial Chitosan, Chitin From Snail Shell, & Snail
Shell Particulate

FTIR spectral of natural snail shell CH (Figure 2), oxalic
acid modified CH CHox (Figure 3), CC (Figure 4), CT from snail
shell CT, and SSP show the major bands assigned to different
functional groups.
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FTIR spectra of CH materials show absorption bands in
region of 3,425.4-3,280.1 cm™! correspond to hydrogen joined
O-H and N-H stretching vibrations primary and secondary
amines/amides (Shin et al., 2019). Peaks at 3,049 and 2,800 cm"
! are attributed to asymmetric and symmetric C-H stretching.

It was observed that there was shifting in the peaks
between 2,154.6-1,897.2 cm'assigned to C=C Alkyne and C=N

11 (CT) (Source: Authors’ own elaboration)

Nitrile. Also, the band at1,667-1,561.8 cm! is attributed to C=C
stretch aromatic and amide.

Stretching vibrations of -NH, -OH, -NH; and
intermolecular hydrogen bonds that overlap each other might
be assigned to characteristic band at 3,388.2 cm™! (Figure 5).
The presence of the methyl group in NHCOCH: caused the
observed peak at 2,154.4 cm™ and 2,018.5 cm..
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Figure 6. FTIR transmittance spectrum of snail shell particulate (SSP) (Source: Authors’ own elaboration)

The existence of a carbonyl group at the observed band at
1,632.6 cm’! aromatic ring fingerprint region was revealed by
the characteristic -NH band of CT (Figure 5). The carbonyl
group was formed as a result of presence of acetyl in CT. Amide
II band (N-H bending) was suggested by the measured peak at
1,632.6 cm™! (Barbosa et al., 2019). FTIR spectra of both CT and
CH materials showcase the characteristics of primary and
secondary amine/amide groups. The functional groups of CT
and CH materials are revealed by FTIR spectra. All CH samples
had equivalent peak characteristics, indicating that even after
modification; the surface functional groups are similar (Madhu
etal., 2022).

FTIR spectrum of SSP (Figure 6) shows the major bands
assigned to different bonds. From Figure 6, the feature band
at 3,291.2 cm™! could be assigned to the stretching vibrations
of -NH, -OH, and intermolecular hydrogen bonds, which
overlap each other. The wave number at 2,922.2 cm™! showed a
functional group from stretching of C-H bonds of proteins,
which may originate from the Snail metabolism. The 2,322.1-
2,005.3 cm! bands showed the presence of an alkyne group,
C=C and nitrile group, C=N. It is also assigned that bands at
around 1,975.5 and 1,785.4 cm™! were from carbonyl stretching
of carbonate of aragonite or stretching of carbonyl of acidic
proteins (Varma & Vasudevan, 2020).

Results of Degree of Deacetylation of Chitosan

DD of CH is a crucial property to consider because it affects
its solubility, chemical reactivity, and biodegradability.
Depending on the available source and approach, DD of CC can
range from 30.00% to 95.00% (Nurhaeni et al., 2019). IR
technique reported by Xu et al. (2019) was used to assess DD of
CH from snail shell. Aiszz and Assas, respectively, are
representations of the absorbance values at the wavelengths
1,837 and 3,425 cm!. For fully N-acetylated CH, the factor 1.33
represents the value of the ratio of Aiss7 to Assus. From FTIR
analysis of the prepared CH from snail shells, the percent
transmittances at the wavelengths 1,837.2 cm! and 3,425.4
cm! were obtained. These values were then converted to
absorbance (percent transmittance) from which the
percentage of deacetylation was calculated to be 83.98%.
Depending on the crustacean species and preparation

processes, DD of this study is higher than the ones reported by
Koc et al. (2020) as 75.00%, 78.00%, and 70.00% for fish,
shrimp, and crab CH, respectively. Also, Rajathy et al. (2021)
found that M. edulis has a DD value of 69.60% and L.
attenuatum has a DD value of 37.30%.

Results of Scanning Electron Microscopic Studies

SEM was used to determine the morphologies of the
adsorbent surface. Figure 7 shows SEM images of CH material.
CH has uneven patterns, which could be owing to flakes
forming during the synthesis. The internal surfaces of the
adsorbents have pores of various sizes, shapes, and fibril
structures, while the external surfaces of the adsorbents have
pores of various sizes, shapes, and fibril structures. Large
numbers of intra-aggregated pores may result from the
aggregation of these tiny primary nanoparticles, resulting in a
large microporous volume. Tight porous, broken, and fibril
structures are also present. The snail shell, CT and CH have
well aggregated particles and a less porous look on the surface.
Modification of the adsorbents caused the most significant
changes. The structure of CHox is hard and organized, with
minor fissures (Ochi et al., 2022; Rajathy et al., 2021).

Results of Energy Dispersive X-Ray Analysis

Figure 8 shows the EDAX spectra of CH compounds. EDAX
was done to ascertain the sample elemental composition, as
shown in Table 3. The spectra show prominent peaks for
calcium (Ca), oxygen (O), and yttrium (Y). The intensity of the
elements’ peaks is similar in all samples, showing that minor
changes in element composition occurred during the
modification and composite synthesis but slightly different
from CC. The elemental composition of commercial crab CH as
described by Sumaila et al. (2020) is consistent with the
presence of metals Ca, Y, Ag, Nb, K, Na, Mg, and Al in materials
made from land snail shell CH. The mineral composition of
gastropoda shells may be responsible for these alkaline metals,
alkaline earth metals, rare earth metals, and transition metals
(Angeli et al., 2021). In the meantime, Zhang et al. (2021)
found that transition metals in adsorbents with concentrations
ranging from 0.01% to 0.31% could improve the adsorption
process.



8/11

Ochi & Babayemi / European Journal of Sustainable Development Research, 7(4), em0232

s

.

o

it

QT“ L, B

bt

Figure 8. EDAX for elemental composition of (a) SSP, (b) CT, (c) CH, (d) CHox, & (e) CC (Source: Authors’ own elaboration)

Table 3. EDAX for elemental composition of SSP, CT, & CH
materials

Weight concentration of

ES EN SSP CT CH CHox CC
Ca  Calcium 88.19 85.66 70.43 64.88 10.46
(o) Oxygen 3.84 2.80 16.74 23.32 0.00
Y Yttrium 1.40 1.89 1.15 2.00 4.64
Ag Silver 1.20 1.99 2.15 1.97 11.88
Nb  Niobium 1.13 1.70 1.27 1.58 9.05
K Potassium 0.91 1.32 0.79 0.87 4.15
Cl Chlorine 0.65 0.84 0.79 0.78 6.26
S Sulfur 0.53 0.78 0.66 0.85 4.83
Si Silicon 0.41 0.92 0.52 0.50 2.83
Al Aluminum 0.41 0.61 0.62 0.67 4.62
C Carbon 0.37 0.28 0.87 0.77 27.96
P Phosphorus  0.28 0.23 0.98 0.29 3.93
Na Sodium 0.26 0.21 0.61 0.16 1.74
Mg Magnesium  0.24 0.31 0.30 0.34 2.93
N Nitrogen 0.18 0.00 1.56 1.01 1.43
Fe Iron 0.00 0.00 0.00 0.00 2.25
Ti  Titanium 0.00 0.46 0.17 0.00 1.05
V  Vanadium 0.00 0.00 0.39 0.00 0.00

Note. ES: Element symbol & EN: Element name

The chromium adsorption onto materials such as CT, CH,
and snail shell particles is depicted in Figure 9.

The capacity to remove chromium often increased with
concentration. It represents the function of heavy metal
concentration to provide driving force to overcome solid mass
transfer resistance for adsorption. The oxalic acid-modified
CH exhibited the best adsorption capacity. The increasing
order of the adsorption capacity is SSP<CT<CC<CH<CHox.

CHox has a better removal capacity of 80.5 mg/g at C,=150
mg/l despite having a smaller surface area. However, while
having a larger surface area, SSP has a fairly poor removal
capacity because of its microporosity and pore size (6.366 nm),
which would not be able to hold enough chromium ions. A
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Figure 9. Chromium adsorption capacity of snail shell, chitin,
& chitosan materials (Source: Authors’ own elaboration)

superior performance of oxalic acid modified CH (CHox) and
pure CH as compared with SSP, CT, and CC could be attributed
to the enhanced surface chemistry by the deacetylation,
modification process, specific surface area and mesoporosity.
Ionic interaction between the negatively charged functional
groups on the adsorbent surface and the positively charged
metal ions, as well as mesopore filling, is the two potential
mechanisms (Vu et al., 2019).

CONCLUSIONS

CH was prepared from the particulates of land snail shell
and its product was modified with oxalic acid. The physico-
chemical characteristics and chromium ion adsorption of CH
materials were investigated. Functional groups like amino and
O-H groups with hydrogen bonds suggest a potential
adsorption interaction with positively charged water
pollutants such cationic heavy metal ions. After CH was
modified, the textural characteristics, water binding, and
adsorption capacity all significantly improved.
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Some transition metals that are known to facilitate the
adsorption process are present in CH compounds. Therefore,
chromium ion adsorption on extracted natural and modified
CH is slightly greater than CC but much higher than that on CT
and particulate snail shells. This is because of the ionic
interaction between the negatively charged functional groups
on the adsorbent surface and the positively charged heavy
metal, as well as the mesoporosity and increased surface area
of the modified CH adsorbents.
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