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In this work, lala clam shell was utilised as an 

alternative low-cost adsorbent for the remediation of 
water contaminated by two classes of dyes, namely 
anionic (Congo red (CR) and Methyl orange (MO)) 
and cationic (Methylene blue (MB) and Rhodamine 
B (RB)) dyes from aqueous solution. Batch adsorp-
tion experiments were performed to assess the ef-
fects of various experimental parameters such as so-
lution pH, adsorbent dosage and initial adsorbate 
concentration. The applicability of lala clam shell to 
remove dyes from aqueous solution was evaluated in 
both single- and mix-systems. The optimum pH for 
CR, MO and RB removal was found at pH 2.0, while 
pH 8.0 was the optimum value for MB adsorption. 
At an initial concentration of 2.5 to 100 mg/L, the 
amount of four dyes adsorbed onto lala clam shell 
was in the order of CR> MB> RB> MO, in a single-
dye adsorption system. Whereas, in the case of a 
mix-dye adsorption system, the amount of four dyes 
adsorbed was found in the order MB> RB> MO> 
CR. The adsorption equilibrium data were correlated 
with both Langmuir and Freundlich isotherm mod-
els. The results showed that the equilibrium data 
were perfectly represented by the Freundlich iso-
therm model. The biomass adsorbent was character-
ised using the Field Emission Scanning Electron Mi-
croscope (FESEM) and Fourier Transform Infrared 
(FTIR) Spectrometer. Overall, outcomes from this 
study suggested that lala clam shell, a fishery waste, 
can be beneficial and efficient instead of expensive 
adsorbents for water treatment. 

 
 

  
Adsorption, lala clam shell, dyes, water treatment 

 
 

 
Water contamination by various pollutants 

such as dyes, heavy metals and pesticides poses a se-
rious threat to the environment and human health. 
Both organic and inorganic substances with a non-
biodegradable characteristic can be accumulated in 

the environment. Water contamination causes 
around five million of the world population to die 
every year [1, 2]. Many industrial activities particu-
larly plastic, textile, printing, transportation, food 
and leather [3, 4] have significantly contributed to 
water contamination. As a matter of fact, about 15% 
of dye contaminations are derived from textile and 
other industries, worldwide [5, 6]. For example, it 
was estimated that about 950 million tonnes of dye-
ing wastewater were produced in China in 2012 [7]. 
Hence, the treatment of water from these polluted 
environments is important for the ecological protec-
tion [8]. 

Dyes are classified based on their nuclear struc-
ture, namely as anionic and cationic. Anionic dyes 
have a negative charge due to the presence of sul-
phonate groups, meanwhile cationic dyes have a pos-
itive charge due the presence of protonated amine or 
sulphur groups in the aqueous solution. Industrial ef-
fluents containing both anionic and cationic dyes are 
of great concern. The anionic dyes (Congo red and 
Methyl orange) and cationic dyes (Methylene blue 
and Rhodamine B) are toxic and even carcinogenic 
[9]. Toxic dyes are normally presence in water envi-
ronment at high concentrations. Due to their thermal 
stability as well as ability to absorb and reflect sun-
light that enters the water, the photosynthesis of al-
gae and aquatic plants will be reduced. This scenario 
will seriously affect the food chain. Furthermore, the 
presence of little amount of dyes in water can be 
highly visible and undesirable, making it unsafe for 
the human consumption [10]. For example, exces-
sive levels of Methylene blue may cause a number 
of diseases such as digestive and respiratory systems 
problems, as well as nausea, vomiting and profuse 
sweating [11].  

Chemical precipitation, coagulation-floccula-
tion, electrochemical treatment and adsorption have 
been employed to sequester dyes from aqueous solu-
tion [12, 13]. Adsorption is one of the most effective 
treatment processes as it is a simple operation and 
incurs low operational cost as compared to other 
techniques; which have drawbacks like sludge for-
mation, high energy and conservation cost. Un-
doubtedly, activated carbon is a popular and widely 
used adsorbent for organic dyes removal. This is 
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mainly due to its large surface area and high adsorp-
tion capacity. However, its application in developing 
countries is limited due to its high-cost production 
and regeneration issue [14, 15]. In 2013, the global 
market for activated carbon totalled $1.9 billion, 
driven primarily by Asia-Pacific and North Ameri-
can regions for application in water treatment and 
then reached $2.1 billion, in 2014 [16].  

Effective adsorbents for water treatment should 
have several characteristics such as low-cost, readily 
available in large quantities and easily can be dis-
posed. The capability of several low-cost and eco-
friendly adsorbents such as  biomass 
[8],  spp. waste [17], rice straw [11], or-
ange peel [18], mesoporous hollow shells [5] and 

 epicarp [3] to treat dye contami-
nated water has been assessed in the last few years. 
The key property was the presence of functional 
groups (hydroxyl, amine and carbonate) and ligno-
cellulosic compounds in these adsorbents that con-
tributed to bind dyes during the adsorption process.  

In the present work, the natural waste from 
fishery industry, namely the short neck clam (

 ) shell or locally known as lala was 
used as an alternative adsorbent for water treatment. 
Lala clam shell is abundantly available in Malaysia, 
Indonesia and Libya with no economic value. It has 
not been used for purification of water contaminated 
by dyes. Moreover, the shell waste is primarily com-
posed of calcium carbonate (95%), which may be 
beneficial for the adsorption mechanism [19]. 
Hence, the main objective of this study was to inves-
tigate the effectiveness of lala clam shell as an adsor-
bent for the removal of anionic and cationic dyes 
from aqueous solution in the single- and mix-dye 
systems. A systematic evaluation involving several 
experimental parameters such as the pH solution, in-
itial adsorbate concentration and adsorbent dosage 
was performed. 

 
 

Lala clam shells were collected 
from a restaurant in Tanjong Malim, Perak. NaOH 
and HCl were purchased from HmbG Reagent 
Chemicals. In this work, two anionic (CR and MO) 
and two cationic (MB and RB) dyes were studied. 
The chemical structure and physiochemical proper-
ties of dyes studied are listed in Table 1. CR, MB and 
RB were supplied by Merck, while MO was acquired 
from Bendosen. All chemicals used were of analyti-
cal grade and deionised water was used throughout 
this study.

The lala clam shells were washed and rinsed by us-
ing tap water, then thoroughly with deionised water 
to remove dirt. Finally, the shells were dried in an 
oven at 70 oC for 24 h. After drying, the shells were 

crushed and sieved through 150-250 µm size frac-
tions by using a protocol of the American Society for 
Testing and Materials (ASTM) standard sieve. The 
stock solutions of 100 mg/L were prepared with ap-
propriate amount of dyes (CR, MO, MB and RB) by 
dissolving in the deionised water. Each dye was pre-
pared separately by dissolving 25 mg of the dye in 
250 mL deionised water and then, the stock solution 
was diluted to the required concentrations.

 
 The surface area 

and average pore diameter analyses were performed 
using a Quantachrome Autosorb 1 Surface Analyser. 
The Brunauer-Emmett-Teller (BET) multipoint 
technique [20] was applied for surface area measure-
ment, while the Barrett, Joyner and Halenda method 
[21] was used for pore diameter determination. 

The presence of functional groups on materials, 
as well as the interaction between functional groups 
with dyes were identified and studied using a 
Thermo Nicolet 6700 Fourier Transform Infrared 
(FTIR) Spectrometer. FTIR analysis was conducted 
over 32 cumulative scans in the wavenumber rang-
ing from 4000 to 400 cm-1. The surface morphology 
of the Lala clam shells before and after dye adsorp-
tion was examined using a Hitachi SU 8020 UHR 
Field Emission Scanning Electron Microscope 
(FESEM). 

 
 The batch adsorp-

tion experiments were carried out in 250 mL conical 
flasks by adding approximately 0.5 g of an adsorbent 
in 50 mL of dye solution of the desired concentration 
at optimum conditions. The samples were equili-
brated by shaking at 100 rpm for 1 h using a Protech 
Orbital Shaker (model 720) and samples were sepa-
rated through a piece of filter paper (Filtre Fioroni 
601, 110 mm). The concentration of dyes was meas-
ured using an Agilent Cary 60 UV-Vis spectropho-
tometer at maximum wavelength (λmax) values as 
shown in Table 1. The calibration curve was lined 
between the absorbance and various concentration of 
the dye solution (1, 2, 3, 4 and 5 mg/L) to acquire the 
absorbance-concentration profile (equilibrium dye 
concentration). 

The effect of pH solution was studied in the pH 
range of 2.0-8.0. The pH solution was adjusted by 
adding a few drops of diluted 0.05 mol/L HCl or 0.05 
mol/L NaOH solutions, and measured using a pH 
meter. About 0.5 g of the adsorbent was added to 50 
mL of 5 mg/L dye solution. The mixture was then 
shaken for 1 h at 100 rpm. The isotherm studies were 
accomplished by shaking 0.5 g of adsorbent in 50 
mL of dye solution with an initial dye concentration 
ranging from 2.5 mg/L to 100 mg/L. The experiment 
was performed at an optimum pH. The effect of ad-
sorbent dosage on adsorption capacity was studied 
using four various doses of adsorbent, ranging from 
0.025 g to 0.200 g. The adsorbent was added into 50 
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mL of 5 mg/L dye solution, shaken and filtered as 
described earlier. 

The competitive adsorption study was accom-
plished in the mix-dye system. About 0.5 g of lala 
clam shells was added to 50 mL solution containing 
(5, 20 or 100 mg/L) of each dye. The adsorption of 
the mix-dye system was investigated using a similar 
procedure to that of the single-dye system experi-
ment. The equilibrium concentration of each dye was 
measured using the UV-Vis spectrophotometer. The 
dried filtrate was characterised using FTIR and 
FESEM.    

All experiments were run in triplicates. The ad-
sorption capacity at equilibrium ( ) was calculated 
using Equation (1): 

                                                 (1) 

where  is the amount of dye adsorbed at equilibrium 
(mg/g), o is the initial dye concentration (mg/L), e 

is the equilibrium dye concentration (mg/L),  is the 
weight of the adsorbent (g) and  is the volume of 
dye solution (L). The removal percentage of dye for 
the adsorption process was estimated using Equation 
(2): 

                           (2) 

 

 

Dyes Chemical structures Molecular weight 
(g/mol) 

λ max 
(nm) Industrial use 

Congo Red 
(CR) 

 

696.67 499 Textiles, paper 
and rubber. 

Methyl  
Orange 
(MO) 

 

327.34 461 
Printing and  

research  
laboratories. 

Methylene 
Blue 
(MB) 

 

319.85 665 Wood, silk and 
cotton. 

Rhodamine B 
(RB) 

 

479.02 554 Textiles, paper 
and leathers. 

 

( ) = 
−

( )o e

o

Removal % 100
−

= ×
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The expulsion of dyes from 
wastewater by adsorption is highly reliant on the pH 
of the solution, which influences the surface charge 
of the adsorbent, degree of ionisation and speciation 
of the adsorbate [22].

Figures 1(a) and 1(b) show the effect of pH so-
lution on the percentage removal of anionic and cat-
ionic dyes by lala clam shells, respectively. It was 
clear that the percentage removal of two anionic dyes 
(CR and MO) decreased with an increase in the pH 
and optimum pH was recorded at pH 2.0 (Figure 
1(a)). A similar optimum pH value was observed for 
adsorption of CR onto biomass of 

 [23], adsorption of MO onto chitosan [24] 
and activated carbon [25]. This observation can be 
related to electrostatic repulsion between the sul-
fonates (SO32-) groups and excessive OH- ions at the 
high pH values.  

In contrast, the effect of pH solution on the per-
centage removal of two cationic dyes (MB and RB) 
by lala clam shells is shown in Figure 1(b). The per-
centage removal of MB increased with an increase 
in the pH and the maximum removal efficiency was 
achieved at pH 8.0. In this case, the percentage re-
moval of RB was decreased with an increase in the 
pH and the maximum efficiency was obtained at pH 
2.0. A similar trend was reported for adsorption of 
MB by tea waste [26],   biomass 
[27] and adsorption of RB by steel slag [28]. The ad-
sorption behaviour of MB and RB was greatly influ-
enced by their functional groups.  

MB, like other cationic dyes produced an in-
tense molecular cation (C+) and reduced ions (CH+), 
which exists in aqueous solution in the form of pos-
itively charged ions [29, 30]. Thereby, the high pH 

values will cause the adsorbent surface become neg-
atively charged and results in higher adsorption. 
Meanwhile, RB contains a carboxyl group structure 
as shown in Table 1. The sharp decreased in percent-
age removal at the higher pH values was likely due 
to electrostatic repulsion between the carboxyl group 
and the excessive hydroxide ions. 
 

The adsorbent 
dosage is one of the important parameters in deter-
mining the capacity of adsorbent and fundamental to 
optimise an adsorption system as adsorbent dosage 
controls the availability of adsorption site [31, 32]. 
Figure 2 presents the effect of adsorbent dosage on 
adsorption of CR, MB, RB and MO onto lala clam 
shells. It was observed that as the amount of adsor-
bent was increased, a sharp decrease in adsorption 
capacity from 9.8 mg/g to 1.5 mg/g, 7.5 mg/g to 0.8 
mg/g, 1.5 mg/g to 0.2 mg/g and 2.5 mg/g to 0.1 mg/g 
was obtained for CR, MB, RB and MO, respectively. 

A lower adsorbent dosage which presumed a 
larger overall total surface area of lala clam shell was 
being exposed and thus more dyes were adsorbed 
onto the surface per gram unit of lala. Besides, the 
higher adsorbent dosage surface of lala clam shell 
became masked due to the accumulation particles on 
the adsorbent; it thus created adsorbent aggregation 
and reduction in the total surface area of contact by 
the active sites, namely carbonate group (CO32-) of 
lala clam shell. The same behaviour of other adsor-
bents on dyes was reported in the literature [22, 33, 
34, 35]. 

Ex-
periments were carried out at different initial con-
centrations (2.5 to 100 mg/L) of dye, while the other 
parameters were kept constant and performed at op-
timum pH. Figure 3, presents the amount of dye ad-
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sorbed as a function of initial concentration. It is es-
sential to note that the amount of all dyes adsorbed 
by lala clam shells increased with an increase in the 
initial concentration of the dye solution. This out-
come can be explained by two main factors, namely: 
(1) the probability of the increase due to the collision 
between the molecules of dyes and adsorbent sur-
face, and (2) the high diffusion rate of dyes into ad-
sorbent [36]. 

The amount of four dyes adsorbed onto lala 
clam shells was in the order of CR > MB > RB > 
MO. Although CR is an anionic dye, it contains two 
amine groups (-NH2) and diazo groups (-N=N-) that 

can be potential protonation sites, and thus there are 
different possible types of protonated dye molecules 
[37]. Figure 4 shows the protonated CR at optimum 
pH [37, 38]. 

From Figure 4, in the acidic condition at opti-
mum pH 2.0, it can be imagined that the protonated 
amino (NH3+) or azo nitrogens (-N=NH+) having 
positive charge can be adsorbed over the high nega-
tively charged CO32- surface of lala clam shells. 
However, MO is also an anionic dye but contains one 
azo group (-N=N-), so it comes last in the order after 
two cationic dyes that can be adsorbed more than 
MO onto the surface of lala clam shells.  
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Dyes 
Freundlich Langmuir 

F (mg/g) 1/n 2 max (mg/g) (L/mg) 2 
CR 4.375 0.726 0.962 15.480 0.559 0.739 
MO 0.010 0.677 0.959 1.004 0.013 0.286 
MB 0.320 0.825 0.998 11.669 0.028 0.609 
RB 0.014 0.496 0.699 0.311 0.047 0.641 

 
The interaction and 

distribution of dyes on the surface of adsorbent are 
described using the adsorption isotherm models [36, 
14]. Two widely used isotherm models, namely 
Freundlich and Langmuir were applied to analyse 
equilibrium data. Freundlich isotherm model is an 
empirical equation used to describe adsorption at 
multilayer heterogeneous with sites that had differ-
ent energies of adsorption [14]. The linear form of 
the Freundlich equation is expressed as Equation (3) 
[39].
log e = log F + 1

e                                        (3) 
where e is the equilibrium concentration of solute 
(mg/L), e the amount of solute adsorbed per unit 
weight of adsorbed at equilibrium (mg/g), F (mg/g) 
and  are the Freundlich constants related to adsorp-
tion capacity and intensity, respectively. The liner 
plot of log e against log e will give the F and  
values. 

The Langmuir isotherm model deals with ad-
sorption at monolayer homogeneous surface of the 
adsorbent where all sites on adsorbents have equal 
energy [36]. The linear form of the Langmuir iso-
therm is represented by Equation (4) [40].  

                                                    (4) 

where is the maximum adsorption at monolayer 
(mg/g) and  is the Langmuir constant related to the 
affinity of binding sites (mL/mg). In addition,  is a 
measure of the energy of adsorption. The  and  
can be determined from the linear plot of e/ e 
against e.  

The isotherm constants and correlation coeffi-
cient ( ) obtained from Freundlich and Langmuir 
isotherm models are listed in Table 2. Based on  
values, the equilibrium adsorption data for all dyes 
fitted the Freundlich isotherm model better than 
Langmuir isotherm, indicating the heterogeneous of 
the adsorbent surface. Similar results were obtained 
by Dey et al. [36] for MB removal using 

 waste, Mahmoud et al. [18] for CR and MO 
adsorption using orange peel, and Balasubramani 
and Sivarajasekar [41] for RB removal using acti-
vated carbon. The 1/  values calculated from the 
Freundlich isotherm model lie between 0 and 1. This 
implies that the adsorption of four dyes onto Lala 
clam shells was favourable [42]. 

The adsorption capacities F calculated from 
the Freundlich isotherm equation for CR, MO, MB 
and RB, were 4.375, 0.010, 0.320 and 0.010 mg/g, 

1e e= +
be
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respectively. The removal of dyes by using several 
other adsorbents has been studied in the recent years 
and some of these reports provided F values. Alt-
hough these values were obtained under different ex-
perimental conditions, they were useful to compare 
the performance and capacity of the adsorbents. The 

F value obtained in this study was greater than those 
reported for kaolin (1.089 mg/g for CR) [43], amine-
functionalized hollow mesoporous shells (1.291 
mg/g for CR) [5], (0.021 mg/g for 
MB) [36], sugarcane bagasse (0.110 mg/g for MB) 
[31] and activated geopolymer (0.002 mg/g for MO) 
[44].  

The essential characteristics of the Langmuir 
isotherm can be expressed by a separation factor 
( L), which is defined in the following Equation (5) 
[42]: 

                                                      (5) 

where o is the initial adsorbate concentration 
(mg/L), L is the value shows the nature of the ad-
sorption process to be unfavourable ( L>1),  linear 
( L = 1), favourable (0< L<1), or irreversible   ( L = 
0). The L values were 0.187, 0.825, 0.718 and 0.634 
for CR, MO, MB and RB, following the adsorption 
by lala clam shells. It is clear that the L values were 
in the range of 0 < L < 1. This suggests that the ad-
sorption of four dyes was favourable. 

The maximum adsorption capacity  (mg/g) of 
lala clam shells for CR, MO, MB and RB were 
15.48, 1.00, 11.66 and 0.31 mg/g, respectively. It 
was compared to other adsorbents. The maximum 
adsorption capacities of lala clam shells were com-
pared to several other adsorbents, as shown in Table 
3. The difference in  values of the adsorbents can 
be related to their unique physical and chemical 
characteristics [54] and experimental conditions.  

 

Adsorbents Dye max (mg/g) References 
 root CR 1.58 [45] 

Peanut shell CR 15.09 [46] 
Zeolite CR 3.77 [47] 
Calcareous soil MB 1.76 [33] 
Cow dung ash MB 5.31 [48] 

 MB 4.94 [8] 
 biomass MB 8.20 [36] 

Rice husk ash MB 6.90 [49] 
Spent rice biomass MB 8.30 [50] 
Activated carbon modified by silver nanoparticles MO 0.69 [51] 
Fly ash MO 1.20 [52] 

biomass MO 0.50 [53] 
 

Adsorption system Dyes       Dye concentration (mg/L) Amount of dye  
adsorbed (mg/g) Initial Equilibrium 

Single-dye 
system 

MB 
5 0.57 0.44 
20 3.64 1.64 

100 4.32 9.56 

RB 
5 3.00 0.22 
20 10.55 0.95 

100 13.01 8.73 

MO 
5 3.99 0.10 
20 15.06 0.49 

100 57.30 4.28 

CR 
5 0.10 0.48 
20 0.32 1.96 

100 1.59 9.84 

Mix-dye 
system 

MB 
5 0.67 0.43 
20 1.51 1.84 

100 2.02 9.78 

RB 
5 2.86 0.21 
20 10.32 0.96 

100 12.33 8.75 

MO 
5 4.21 0.07 
20 14.31 0.56 

100 57.23 4.27 

CR 
5 4.72 0.02 
20 18.95 0.10 

100 59.13 4.08 

L
o

1=
1+
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Adsorbent Dyes 
Dyes concentration (mg/L) Adsorbent of 

dyes (mg/g) Initial Equilibrium 

Lala clam 
shell 

MB 
5 0.67 0.43 
20 1.51 1.84 
100 2.02 9.78 

RB 
5 2.86 0.21 
20 10.32 0.96 
100 12.33 8.75 

MO 
5 4.21 0.07 
20 14.31 0.56 
100 57.23 4.27 

CR 
5 4.72 0.02 
20 18.95 0.10 
100 59.13 4.08 

Activated carbon 
derived from 

mangrove stem 

MB 
5 0.54 0.44 
20 1.50 1.84 
100 2.70 9.70 

RB 
5 2.06 0.29 
20 10.54 0.94 
100 15.44 8.44 

MO 
5 4.96 0.01 
20 15.28 0.47 
100 61.52 3.84 

CR 
5 4.91 0.01 
20 19.29 0.07 
100 64.81 3.51 

 
 It is im-

portant to study the potential of lala clam shells to 
adsorb dyes in the mix-dye system because of their 
general existence in real water and wastewater. In 
this study, four dyes were mixed at different initial 
concentrations of 5, 20 and 100 mg/L. All experi-
ments were performed with 0.5 g of lala clam shells. 
Table 4 shows the amount of MB, RB, MO and CR 
adsorbed onto lala clam shells at different initial dye 
concentration of 5, 20 and 100 mg/L. 

It was noticed that the amount of MB, RB and 
MO adsorbed were convergent somewhat in both the 
single and mix-dye systems at different initial con-
centration of 5, 20 and 100 mg/L. A different amount 
of adsorption was observed for CR. The amount of 
CR adsorbed by lala clam shells decreased from 
0.48, 1.92 and 9.75 mg/g (single-dye system) to 0.02, 
0.08 and 3.90 mg/g (mix-dye system) at initial con-
centration of 5, 20 and 100 mg/L, respectively. The 
ability of lala clam shells to adsorb dyes in the mix-
dye system was in the order of MB > RB > MO > 
CR, meanwhile a different trend was obtained for 
single-dye system of which the order was CR > MB 
> RB > MO. 

It was observed that the amount of CR adsorbed 
became last in the order of the mix-dye system. This 
can be explained by two main factors: (1) for mix-
dye system, the experiment was not performed at the 
optimum pH value of each dye, which purposely to 
mimic real wastewater environment, and (2) CR is 
an anionic dye that possess a negative charge and 
larger size as compared to MO. In contrast, MB is 
the cationic dye that has a positive charge and 

smaller size than RB, which might lead to a stronger 
affinity with the negatively charge of lala clam 
shells. The impacts of the competing ions observed 
in the present study are also relevant to the earlier 
reports [55-57]. 

Besides, Table 5 shows the comparison of the 
amount of dyes adsorbed by lala clam shells and ac-
tivated carbon derived from mangrove stem in the 
mix-system. From Table 5, it was clear that MB was 
the best dye adsorbed by both adsorbents in the mix-
system, in the order of MB > RB > MO > CR. The 
results suggest that lala clam shells have a good po-
tential and can replace activated carbon to remove 
dyes from wastewater. For example, with 100 mg/L 
of initial concentration of dyes at the equilibrium, the 
concentration was decreased to 2.02, 12.33, 57.23 
and 59.13 mg/L for MB, RB, MO and CR, respec-
tively. It was observed that the equilibrium concen-
tration became less than 50% for cationic dyes and 
about 50% for anionic dyes following treatment with 
lala clam shells, indicates a great potential for future 
applications.   

 

The surface area, pore volume and 
pore diameter of lala clam shells were measured as 
2.09 m2/g, 0.164 cm3/g and 0.147 nm, respectively. 
According to the International Union of Pure and 
Applied Chemistry (IUPAC) classification, the pore 
of the lala clam shells is considered as micropores (d 
< 2 nm). 
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FTIR is an effective analytical 
instrument for identifying functional groups and 
characterising covalent bonding information. The 
FTIR spectra of the lala clam shells, before and after 
the adsorption of dyes are shown in Figure 5. Based 
on Figure 5, the two prominent bands appeared at 
1448 cm-1 and 853 cm-1 are the characteristics of car-
bonate (CO32-) [58]. The band at 1781 cm-1 can be 
assigned to carbonyl (C=O) groups. There were sig-
nificant changes in the FTIR spectrum of lala clam 
shells after interaction with dyes. For example, the 
absorption band of CO32- group at 1448 cm-1 shifted 
to 1444, 1464, 1462 and 1467 cm-1 following the in-
teraction with CR, MO, MB and RB. In addition, the 
absorption intensity of this band decreased after the 
adsorption of MB. Presumably, the shift in wave-
number of the functional groups may be due to the 
interaction of dyes with active sites of the adsorbent 
[59]. A new peak observed at 2630 cm-1 after inter-
action with MO can be assigned to C-H stretching. 
Overall, it is evident from FTIR analysis that car-
bonate group is the main adsorption site in lala clam 
shells.

FESEM analysis was per-
formed to observe the surface morphology of the lala 
clam shells before and after the interaction with 
dyes. The analysis is also useful for determining the 
particle shape. The FESEM images of lala clam 
shells before and after being loaded with CR, MO, 
MB and RB at 10,000x magnifications are shown in 
Figures 6. Lala clam shells have an uneven structure 
with non-uniform size distribution on the surface 
(Figure 6(a)). Subsequent interaction with dyes, the 
surface of lala clam shells became rough, more une-
ven and heterogeneous (Figures 6(b), 6(c), 6(d) and 
6(e)). The change in the surface morphology of lala 
clam shells could be due to the reorganisation of sur-
face functional groups binding the CR, MO, MB and 
RB molecules [60]. From Figure 6(d), it is clear that 
lala clam shells are covered by MB molecules ad-
sorbed. A similar observation was reported by Su et 
al. [27] for adsorption of MB onto 

 (Cogon grass). 
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As elucidated throughout the study, lala clam 

shells have several significant advantages over es-
tablished adsorbents for water treatment. Most nota-
bly advantages are abundant availability and good 
performance, which can be used as an alternative 
low-cost adsorbent for the removal of dyes from 
aqueous solution. Its key property is the presence of 
carbonate group (CO32-) that can bind functional 
groups of dyes during the adsorption process. The 
adsorption process is greatly influenced by several 
experimental parameters such as the pH solution, in-
itial dye concentration and adsorbent dosage. The or-
der of selective adsorptions was different in the sin-
gle- or mix-dye system. The equilibrium data fitted 

very well with the Freundlich isotherm equation. 
The adsorption performance of lala clam shells was 
comparable with mangrove stem derived activated 
carbon, a commercial adsorbent used in water treat-
ment. Therefore, the developed adsorption treatment 
system is useful and applicable for the removal of 
organic dyes from contaminated water. 
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