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Abstract: Filopaludina sumairensis’s shell was used as a low-cost sorbent for removing of Pb™ in synthetic
wastewater. The shell was burnt in aerobic conditions at 400, 500 and 600°C using a furnace. The different burnt
shells were then compared with an unburnt shell for the efficiency of Pb* removal at the 0.05 level of statistical
significance. The results showed that there were not any significant differences between sorption efficiency
of Pb* from the unburnt shell and burnt shells at any temperatures for initial Pb* concentration of 0.1 mM.
Meanwhile, at an initial Pb* concentration of 1 mM, the burnt shell at 600°C has less Pb*' sarption efficiency
than that of the other conditions. The unburnt shell was selected for the further study of sorption kinetics and
sorption isotherm. The pseudo second order kinetic model was suitable for the description of sorption kinetics.
Although, it took 20 and 30 min to reach equilibrium for experiments at initial Pb™ concentration of 1 and
0.1 mM, respectively. Biosorption isotherm data could be described with the Freundlich isotherm.
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INTRODUCTION

Lead (Pb) is one of the most widely used heavy
metals m many industries such as battery factories,
electrical appliances, etc. which created wastewater
containing lead ion (Pb*). Contamination of lead ion in
water body responses for adverse effects to ecosystems
and human health, for example, reducing fertility in
women, altering spermatogenesis for men, impairing
kidney function. Thus, Pb™ (and the other toxic
substances) must be eliminated from the wastewater until
1t meets the regulation standard before discharging to the
environment.

However, the treatment of this type of wastewater
involves high-cost techniques such as ion exchange,
evaporation, precipitation, membrane separation, etc.
Unfortunately, these common techniques have been
shown to be quite expensive for wastewater containing a
low concentration of heavy metals but still does not
compromise with water quality standard (Apiratikul ef al.,
2011). Biosorption, the adsorption process that uses
sorbent derived from biomaterial has been introduced as
an alternative method, for such treatment because it is
mexpensive (Volesky, 2004).

Numerous researches have been studied about
biogsorption. The green macroalga Caulerpa lentillifera
was used as a biosorbent for removing heavy metal
lons in the aqueous phase (Apratikul er al, 2011,

Apiratikul and Pavasant, 2006, 2008; Apiratikul, 2017). The
freshwater snails were found to be effective biosorbents
for decreasing of heavy metal concentration from aqueous
solution, e.g., Melanoides tuberculata (Hossain and
Aditya, 2015), Lymnaea luteola (Hossain et al., 2015) and
Physa acuta (Hossain and Aditya, 2013) for Cd¥
removal.

Filopaludina sumatrensis 13 a species of large
freshwater snail with a gill and an operculum, an
aquatic gastroped mollusk in the family Viviparidae. The
snail was the most widely distributed snail for all 20
studied nursery ponds in the research (Madsen et af.,
2015). There are many subspecies of this kind of snail,
however, the subspecies of Filopaludina sumatrensis
sumatrensis (Anonymous, 2019) are used in this study as
it 18 widely found m South East Asia, especially, in
Thailand. The snail 15 edible and widely seen as food
along with the markets and restaurants. Nevertheless, its
shell is an unwanted biomaterial as it is inedible. Hence,
there 13 a need for the management of this overabundance
of the shell. Furthermore, there i1s no unprecedented
research about the application of this shell in the
biosorption process and no research found to use
freshwater snail’s shell as a biosorbent for Pb*
removal.

This research intends to exploit the discarded shell of
Filopaludina sumatrensis as biosorbent in the removal of
lead (II} 1on from the wastewater for the first time. The
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effect of the shell’s burning temperatures was
investigated for the optimal condition of treatment. The
effects of time and initial concentration of Pb* solution on
the biosorption were also, studied m this research to
elucidate  the sorption kinetics and  sorption
equilibrium.

MATERIALS AND METHODS

Snail’s shell collection and preparation: A large
freshwater snail’s shell, Filopaludina sumatrensis
sumatrensis Anonymous (2019) was collected from Bueng
Kra Tab households community, Vichianburi District,
Petchaboon Province, Thailand. The shell was washed
with deionized water and oven-dried at 105°C for 12h. The
shell was then, ground into a small particle using mortar
and pestle and the ground particles were sieved through
sieve mesh with the size of 75 pm. The product was then
filled in the zip bag and store in a desiccator and defined
1t as an unburnt shell. Some of the products were burmnt in
aerobic condition at 400, 500 and 600°C for 1 hina furnace
for the studying of temperature modification’s effect on
sorption efficiency.

Biosorption of Pb*": The experiment was performed by
adding a certamn amount of 0.03 and 0.09 g of snail’s shell
to 30 mL of Pb* solutions to obtain the sorbent dose (X))
of 1 and 3 g/L, respectively. Initial concentrations of Pb*
solutions (C,) varied from 0.1-3.0 mM. The mixtures were
mixed slowly m a rotary shaker at an agitation rate of
150 rpm for a certain contact time varied from 5-120 min at
room temperature (25+2°C). The pH was controlled at
5 using the CH,COONH,/CH,COOH buffer system with
the acetate concentration of 200 mM. The shell particle
was then separated by filtration through the No. 93 filter
paper. Pb*"concentrations in the filtrates were measured
by Atomic Absorption Spectrophotometer (AAS). The
sorption efficiency was evaluated by two mdicators, for
instance, sorption capacity and removal percentage. The
parameters could be described as in Eq. 1 and 2:

q_[&}xlooo (1)
XD

Removal (%) —{Cﬂc < JxlOO @
Where:
q = The sorption capacity (pmol/g)
C,and C, = The initial Pb* concentration and

concentration of Pb* at time t (mM)
%, = The sorbent dose (g/1.)
Removal (%) = The removal percentage (%)

Each experiment was triplicated to ensure that the
obtained results were genuine. The results were reported
as average values with an error bar of the statistical
confidential interval of 95%.

Determining for optimal burning temperature: The
comparisen of Pb* biosorption efficiency between the
unburnt shell and bumt shells at different temperatures
was investigated for initial Pb*" concentration of 0.1 and
1.0 mM. The sorbent dose was fixed at 1 g/I. and contact
time was fixed at 120 min to make sure that sorption reach
equilibrium which yields the highest sorption capacity
and removal percentage for each condition. The results
were analyzed by ANOVA and t-test statistics to
determine the difference of sorption efficiency
between each group at the 0.05 level of statistical
significance (alpha = 0.05). The optimum condition was
then selected for further study.

The studies of sorption kinetics and equilibrium: The
sorption kinetics was investigated for an mitial Pb*
concentration of 0.1 and 1.0 mM with the sorbent dose of
3.0 g/L.. The contact time was varied in the range of
5-120 mm. The time that required the sorption to reach
equilibrium was elucidated from the experiments in this
study. The sorption capacity at different times was
analyzed using two well known kimetic models, 1e.,
pseudo first and second order kinetic models which were
expressed by Eq. 3 and 4, respectively:

4, =q,(1-¢) 3
2
okt @
t
1+q.k,t

Where:
s = The sorption capacity at time t (umol/g)
. = The sorption capacity at equilibrium (pmol/g)
t = The contact time (min)

k,andk, = The sorption rate constants for pseudo first
order (min") and pseudo second order
(g pmolmin) models

The experimental data of g, at 120 min was assumed
to g, of the pseudo first order kinetic model and the rate
constant (k) was determined by linearizing Eq. 3 to
linearized form then uses statistical linear regression to
obtain k. In the case of pseudo second order kinetic
model, linearization of Eq. 3 was performed to evaluate
both g, and k, by statistical linear regression.

The set of an experiment for sorption equilibrium was
carried out at the sorbent dose of 3.0 g/.. The contact
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time was fixed at 120 min to ensure that the sorption
reaches equilibrium. Initial Pb™concentration was varied
from 0.1-3.0 mM. The sorption capacity was calculated
using Eq. 1 and denoted as g, (umol/g) which is Pb*
equilibrium concentrattion m the solid phase. The
remaining Pb* concentration in the solution at a contact
time of 120 min was assumed as equilibrium concentration
i the liqud phase which is denoted as C,(mM). The
relationship between q, and C, was plotted on rectangular
coordinate as sorption isotherm and was then analyzed by
Freundlich and Langmuir isotherm models as shown by
Eq. 5 and 6, respectively:

qe = kfcgn (5)
q - Qs PC. (6)
1+bC,

Where:

k; = The Freundlich constant {umol'™* L"g)

1/n = The Freundlich exponent (no umnit)

Opae = The maximum amount of Pb* adsorbed per unit
mass of sorbent (umol/g)

b The Langmuir sorption affinity constant (L/mmol)

These constants could be achieved by linearizing
Eq. 5 and 6 then, applied a statistical linear regression
technique.

RESULTS AND DISCUSSION

Effect of shell’s burning temperature on sorption
efficiency: The sorption capacity and removal percentage
of different types of shell’s modification was shown in
Fig. 1.

Figure | revealed the similar patterns for sorption
capacity and the removal percentage along with the
various types of sorbent’s pretreatment. For example, the
highest average values (in sample scale) of both sorption
efficiency indicators for initial Pb* concentration of
1.0 mM were found with shell pretreatment at 500°C while
the lowest values of the indicators were found at 600°C of
shell pretreatment.

In the case of initial Pb* concentration of 0.1 mM,
ANOVA analysis gave a p-value of 0.089 which 1s greater
than the significant level of 0.05 (p=>0.05). This could be
interpreted as there were not any significant differences
between sorption efficiency indicators and types of
shell’s pretreatment (sorption efficiency indicators and
types of shell’s pretreatment were independent to each
other). This might because the initial Pb*concentration is
so, quite low that it was unable to discriminate the
sorption efficiency indicators between each type of
sorbent’s pretreatment.
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Fig. 1: a) Sorption capacity and b) Removal percentage of
sorption efficiency of various types of sorbent’s
pretreatment

However, at the higher initial Pb* concentration, the
results from ANOVA analyses show that sorption
efficiency indicators depend on shell pretreatment with a
p-value of 0.001(p<0.05) for initial Pb* concentration of
1.0 mM. Hence, the t-test was then used to elucidate the
difference of sorption efficiency indicators between each
type of shell pretreatment for this case. The results of the
t-test show that the burnt shells at 600°C have less Pb™
sorption efficiency indicators than those of the other
pretreatment conditions (p<0.05). Meanwhile, the unburnt
shell was found to has the same mean values in
population scale of Pb*” sorption efficiency indicators like
those of 400°C and 500°C of shell pretreatment (p=>0.025).
The reason for this could be due to the fact that the
structure of the snail’s shell does not change much after
burning the shell at the temperature of 500°C and below
500°C while the structure 13 changed at the temperature of
600°C.

Hence, the unburnt shell was selected for further
study as it did not have any significant differences in
sorption efficiency mdicators when compared to 400°C
and 500°C of shell pretreatment. Furthermore, the sorption
efficiency indicators of winbumt shell were sigmficantly
higher than those of 600°C of shell pretreatment.

Biosorption kinetics: Figure 2 illustrated the variation in
the sorption capacity (q,) and removal percentage
(Removal) as a function of time.

The sorption capacity and removal percentage were
increased with increasing contact time at an earlier state
because the sorption system had not reached equilibrium.
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Table 1: Somtion Kinetic model constants

Pseudo first order model

Pseudo second order model

C, (mM) q. (pmol/g) k, (min) R g, (umol/g) k; (g pmol/min) R?
0.1 4.54 0.0291 0.7839 505 0.0120 0.9908
1.0 29.8 0.0340 0.7470 293 0.0181 0.9982
Table 2: Constants of somption isotherm models for the sorption of Pb** 6 @ ris
Parameters Values 5 16
Freundlich model 14
K, (umolt-tis T 1njg) 30.5000 % 4 b g
1/n (no unit) 0.8150 S 4 AT 102
R? 0.9801 E e Lg &
Langmuir model & 2 % Experimental data Fe S
Qruex (prmolig) 138.6000 g — Pseudo 2nd order model Ly
b (L/mmol) 0.3150 1 g e Pseudo 1st order model Lo
R 0.5931 0 - T T T T T T T T T T T 0

. . . . . - _ 17
At the longer contact time, increasing contact time did not :g (b) R }f
affect the two sorption efficiency indicators as the system 20 - I 1 [ (1)0
reached equilibrium. The sorption of Pb* occurred B 95 A l TF t; §
rapidly as the system reaching equilibrium within 30 and g 20 L6 2
20 min for initial Pb* concentration of 0.1 and 1.0 mM, ‘j_’ 15 B i ’§
respectively. This finding also, supports the assumption 1 3 =
that the contact time of 120 min could represent the 517 L1

O T T T T T T T T T T T 0

equilibrium state of the sorption.

The experimental data were tested with the sorption
kinetic models and the model constants were summarized
in Table 1.

Table 1 revealed that the correlation coefficient (R
of the Pseudo first order always lower than that of Pseudo
second order Model. This could be interpreted as the
experimental data could be better described with the
Pseudo second order Model than the other model. The
plots of kinetic models with the experimental data in
Fig. 2 also confirmed the conformity between experimental
data (represented as points) and the prediction by the
Pseudo second order Model (represented as solid
lines).

Both sorption rate constants (k, and k,) were directly
affected by the initial concentration of Pb*. This means
the sorption with mitial Pb* concentration of 0.1 mM
reached equilibrium slower than the sorption with higher
initial Pb* concentration, i.e., 1.0 mM.

The data from Table 1 demonstrated that the
equilibrium sorptien capacity (q,) of Pb* increased with
an increase in the initial Pb* concentration from
0.1-1.0mM. This 15 because the imtial concentration of
1.0 mM has a higher amount of Pb*" in the system than the
lower initial Pb* concentration. So, the higher amount of
Pb* could attach more on the available binding site of the
biosorbent.

Sorption equilibrium and isotherm: The experimental
data at the sorption equilibrium state were plotted as
1sotherm and the results were shown as points in Fig. 3.
The data were consequently, investigated with Langmuir

0 10 20 30 40 50 60 70 80 90 100 110120

Time (min)

Fig. 2: Relationship between contact time and sorption
efficiency for initial Pb* concentration (mM): a) 0.1
and b) 1.0 (mM)
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Fig. 3: Tsotherm plot and curves for Pb* sorption by
Filopaludina sumatrensis’ s shell

and Freundlich isotherm models and the constants of the
models were summarized as Table 2. The predictions from
both models were calculated using the constants of each
model. The results were subsequently compared to the
experimental data by plotting the predicted results from
both models as lines in Fig. 3.

The experimental data of biosorption at equilibrium
fitted better to Freundlich than Langmuir isotherms as R’
of the Freundlich isotherm is greater than that of Langmuir
isotherm. This is because the initial Pb* concentration
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range employed in this research is not high enough to
achieve saturation of the sorbent. Thus, the equilibrium
Pb” concentration at the solid phase of sorbent (qg,)
would still increase with an increase of equilibrium Pb*
concentration in aqueous solution which. In the contrary,
the solid phase equilibrium Pb*concentration of the
saturated sorbent would not change significantly with an
mcrease of equilibrium metal concentration m aqueous
solution which would be better described by the Langmuir
1sotherm model.

CONCLUSION

The bicsorption of Pb* by ground Filopaludina
sumatrensis’s shell was studied here. The effects of
various bumnt temperature for the shell’s pretreatment was
examined and compared to unburmnt shell. The finding from
this research is the usage of an unburnt shell seemed to
be the best choice among other conditions. The sorption
systemn rapidly reached the equilibrium within 30 min and
could be well described using the pseudo second order
kinetic model. The sorption isotherms followed the
Freundlich model as the sorbent had not reached its
saturation within the initial Pb* concentration range in
this study. This resaerch illustrated an alternative solution
for the management of the unwanted biological materials
where Filopaludina sumatrensis  Sumalrensis
(Anonymous, 2019) one of the garbage from the
restaurant and seafood mdustry could be utilized as a
biosorbent for the removal of Pb* from the heavy metal

contaminated wastewater.
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