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Abstract: In this study, the raw seashells of Mactra aequisulcata, of the class 
Bivalvia and the phylum Mollusca were employed as an adsorbent to remove 
copper (II) and cadmium (II) metal ions from aqueous solution. The charac-
terization of shells was performed using FTIR, EDX and SEM, BET isotherm 
and point of zero charge (pHpzc). Batch experiments were performed to assess 
various factors on the biosorption efficiency. Maximum adsorption of both 
metals ions conveniently found at 0.4 g L-1 adsorbent dose, pH 5 and at 303 K. 
Maximum biosorption capacities for Cu2+ and Cd2+ were 59.57 and 38.12 mg 
g-1, respectively. The Langmuir isotherm model was found to be the best fit for 
the acquired equilibrium data. Thermodynamic and kinetic parameters showed 
that the process was feasible, exothermic and followed pseudo-first order. 
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INTRODUCTION 
The environmental condition for humans and other living beings worldwide 

has become more inhospitable than it has ever been before.1 The industrial 
activities have posed series threats to the environment. Technological advance-
ments and rapid consumption have led to various genres of pollution.2 The 
discharge of industrial effluent bearing heavy metals causes great adversities due 
to their presence and ability to accumulate and toxic effects on living things.3 As 
far as environmental threat is concerned, toxic heavy and radionuclides metals 
are of main concern and ought to be nullified. Toxic metal ions can cause minor 
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discomforts as well as life threatening illnesses by irreversible damage of vital 
body systems. Eco-toxicologically, most toxic metals are cadmium, chromium, 
lead and mercury. Heavy metals can bioaccumulate as well as biomagnify in the 
food chain. So, their toxicities are more noticeable in the animals that are in high 
trophic levels.4 Currently, various techniques are used to remediate waste water 
from these toxic metals. Adsorption processes have been proven to be a better 
technique as compared with other techniques, namely electrochemical, oxidation, 
membrane filtration, ozonization and complexation. It has also greater import-
ance due to operational easiness, relatively low cost, and simplicity of design in 
the decoloration process.5 Mollusca shells are mostly composed of aragonite and 
calcite type calcium carbonate, that’s around 95–99 % of entire shell quantity, 
and also contains a small amount of organic matter.6 The seashells as an agent to 
remediate wastewater from heavy metals have also been employed, rather than 
geological calcium carbonate.7 Biosorption augmentation through pre-treatment 
processes, such as with organic chemicals,5 thermal processing8 and acid treat-
ment9 have also been successfully opted. Mactra aequisulcata, species of mus-
sels, found in marine habitat, has aragonite as its major constituent10 and bio-
genic aragonite is considered to be a suitable biosorbent for heavy metal adsorp-
tion9. Moreover, the aforementioned species has not been reported for the reme-
diation of heavy metals in the aqueous medium as well from industrial effluents, 
and not any mussels’ species locally, for that matter. Considering the aforemen-
tioned approaches, the study was designed to assess the biosorption capability of 
pulverized Mactra aequisulcata shells to remove Cu2+ and Cd2+ from the aque-
ous phase. Optimal adsorption process was assessed by varying in adsorbent 
dose, interaction time, metals initial concentration, pH and temperature. The bio-
sorption mechanism was conducted in terms of isotherm models, kinetics and 
thermodynamics studies. 

EXPERIMENTAL 
Materials 

The chemicals employed in this research were of analytical grade. Millipore Q5 Direct 
water purification system was used to prepare deionized water with conductivity of 0.06 µS 
cm-1. Mactra aequisulcata (Class Bivalvia, Phylum Mollusca, 100 units) were sampled from 
the Clifton Beach, Karachi city of Pakistan and stored in a pre-washed plastic ziplocks. The 
seashells were washed with tap water, then immersed into 0.5 % of HCl solution for 30 min, 
for the removal of impurities adhered on the surface of shells. The shells were washed with 
DI-H2O repeatedly, drying in an oven at 80 °C and pulverized to powder form using 500 g 
electric grain grinder mill. The pulverized adsorbent was kept in polyethylene airtight vessels 
in ambient condition. The preparation of working stock solutions of Cu2+ and Cd2+ was done 
with CuSO4 5H2O and CdCl2 (>99 %, Merck, Germany), respectively. The solution pH were 
altered to the desired level with 0.1 M HCl and NaOH.  
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Biosorption of metal ions 
For metals biosorption, a known quantity of pulverized seashell was used with 50 mL of 

Cu2+ and Cd2+ solutions in an Erlenmeyer flask, separately. The outcome of the adsorbent 
dose (0.2, 0.4, 0.6, 0.8 and 1.0 g L-1), initial metals ions concentration (5, 10, 25, 50 and 100 
mg L-1), initial pH of metal solutions (2, 3, 4, 5 and 6), interaction time (10, 20, 30, 40 and 60 
min) and temperature (303, 308, 313, 318 and 323 K) were studied. After each experiment, 
the solutions were filtered using Whatman filter paper no. 42. Controlled sample without the 
addition of biosorbent, was also quantified to assess the interference of filter papers, and no 
interference was observed. The filtrate was used to determine the heavy metal ions concen-
trations using atomic absorption spectrometer. The percentage of metal adsorption and maxi-
mum biosorption capacity, q in mg g-1, were measured using the following equations: 

 0 e

0
 100 C CADS =

C
−   (1) 

 0 e( )= V C Cq 
m
−   (2) 

where, C0 and Ce in mg L-1, correspond to the initial and equilibrium concentrations of the 
metals ions, respectively, m is the mass of the biosorbent in mg and V is volume of the 
solution in L.  
Instrumentation 

The Cu2+ and Cd2+ in the samples were quantified with atomic absorption spectrometry 
(PinAACle 900T, Perkin Elmer). Eutech Cyber Scan PCD 650 was used for the pH measure-
ments. An electric grain grinder mill was used to grind the seashells. The availability of func-
tional groups in the ground seashell samples was determined with Fourier transform infrared 
spectrophotometry (FTIR, Perkin Elmer, Singapore). The surface area was evaluated through 
Autosorb-1 Quantachrome, Asiawin. The morphology of the surface and diameter of ground 
seashell were examined using SEM (JSM 6380A, JEOL Ltd, Japan). The deduction of ele-
mental composition was carried with EDX spectroscopy (EX-54175 JMU, JEOL Ltd, Tokyo, 
Japan).  
Determination of pHpzc 

The point of zero charge (pHpzc) of the pulverized M. aequisulcata shells was determined 
by taking six separate Erlenmeyer flasks containing 50 ml 0.1 M NaCl having pH 2, 4, 6, 8, 
10 and 12. The pH of the solutions were adjusted by adding 1 M HCl or 1 M NaOH. To each 
flask, 0.1 g pulverized shell powder was added and then the capped flasks were shaken at 150 
rpm for 4 h. The suspensions were filtered with the Whatman filter paper no. 42. The differ-
ence between initial pH (pHi) and the final pH (pHf) was plotted with pHi. The intersection of 
the plot and pHi (x-axis) was deemed as the pHpzc. 
Biosorption isotherm models 

For isotherm studies, an adsorbent dose of 0.4 g L-1 of pulverized seashell was used with 
50 mL of Cu2+ and Cd2+ solutions in Erlenmeyer flasks, separately; with initial adsorbate 
concentrations of 5, 10, 25, 50 and 100 mg L-1, initial pH of 5, at 303 K, and interactions time 
of 20 and 30 min for Cu2+ and Cd2+, respectively. The isotherm explains how metal ions con-
centrations and sorbed metal amount interact on the solid surface at their equilibrium phases. 
In this work, the biosorption specifics were studied by Langmuir, Freundlich and Temkin iso-
therm models. Langmuir isotherm details about the monolayer adsorption and states the abs-

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



770 REHAN ULLAH, ZAHIR and ASGHAR 

ence of lateral interaction between the adsorbate molecules. The nonlinear Langmuir isotherm 
model is expressed as follows:11 

 m e
e

e

q bCq
1 + bC

=  (3) 

where, Ce in mg L-1 signifies the equilibrium concentration of the metal ions, qe in mg g-1, 
corresponds to the equilibrium adsorption capacity, qm in mg g-1 and b in L mg-1, are the 
Langmuir constants relating to adsorption capacity and energy, respectively. 

The favourability of adsorption process can be predicted by the assessment of Langmuir 
essential characteristic denoted as the separation factor, RL and its equation is illustrated as:12 

 L
0

1 = 
1+

R
bC

  (4) 

The Freundlich model, nonlinear form is applicable to multilayer adsorption, relating to 
energetic surface heterogeneity and can be assessed from the following equation:13 
 qe = KfCe

1/n (5) 
where Kf / mg g-1 (L mg-1)1/n and 1/n correspond to the Freundlich constants of adsorption 
capacity and heterogeneity factor, respectively. 

The following equation illustrates the Temkin isotherm nonlinear model (Eq. 6): 
 qe = Bln (ATCe)  (6) 
where, B in J mol-1, is the constant of heat of sorption at equilibrium and AT in L g-1, being the 
binding constant. The Temkin isotherm illustrates that the heat of adsorption of every mole-
cule in the layer decreases directly with increased surface coverage.14 Dubinin–Radushkevich 
model considers the adsorption of subcritical vapours on microporous adsorbent followed by 
the mechanism of pore filling, and is applicable to detail the mechanism of adsorption on 
heterogeneous surfaces with the Gaussian energy distribution. 

The nonlinear Dubinin–Radushkevich model is represented as15: 

 2DRe s = e Kq q ε−  (7) 

 
e

1 = ln 1+RT
C

ε  
 
 

 (8) 

where, qs in mg g-1 is the Dubinin–Radushkevich isotherm model constant relating to maxi-
mum adsorption capacity; KDR, mol2 kJ-2, is Dubinin–Radushkevich isotherm constant; ε is 
the Polanyi potential, R / J mol-1 K-1; and T / K are the gas constant and absolute temperature, 
respectively. 
Biosorption kinetics 

For kinetics studies, an adsorbent dose of 0.4 g L-1 of pulverized seashell was used with 
50 mL of Cu2+ and Cd2+ solutions in Erlenmeyer flasks, separately; with initial metal ions 
concentration of 100 mg L-1, initial pH of 5, at 303 K, and over the period of 10, 20, 30, 40 
and 60 min. The two most important nonlinear kinetic models: i) pseudo-first order (Eq. (7)) 
and ii) pseudo-second order (Eq. (8)) are described by the equations as follows: 

 qt = qe(1 – e–k1t)  (9) 
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k1 / min-1 and k2 / g mg-1 min-1 are the rate constants of pseudo-first order and pseudo-second 
order, respectively; and qt /mg g-1 is the amount of metal ion adsorbed at any given time t. 
Biosorption thermodynamics  

The nature of biosorption system was studied with thermodynamics analysis through 
van’t Hoff equation. The following equations were applied for the deduction in the change in 
Gibbs energy, ΔG / kJ mol-1, entropy, ΔS / kJ mol-1 K-1 and enthalpy, ΔH / kJ mol-1: 

 c
Δ Δln  = S HK
R R T

   −   
   

 (11) 

 ΔG = RTln Kc (12) 
where, Kc represents the constant of thermodynamic equilibrium and R corresponds to the 
Universal gas constant and T / K is the absolute temperature. 

RESULTS AND DISCUSSION 
Analysis and characterization of seashell 

The Cu2+ and Cd2+ concentrations in the seashells were found to be well 
below the lower limit of quantitation (0.1 and 0.01 mg L–1 for Cu2+ and Cd2+, 
respectively) of the utilized method. The results signified that the biosorbents 
would not interfere during the biosorption process as they do not have heavy 
metals in them. The functional groups in seashell powder sample were deduced 
by FTIR spectroscopy as illustrated in (Fig. 1). The various peaks appeared in the 
spectrum at 1789, 1455, 1076, 854, and 726 cm–1 and considered the specific 
features of CO32– in CaCO3. The aragonite content of CaCO3 in the sample was 
confirmed with the observance of a signal at 1076 cm–1.16 

 
Fig. 1. FTIR spectrum of M. aequisulcata seashell powder. 

The BET isotherm demonstrated that the biosorbent bears a small BET 
specific surface area (1.77 m2 g–1) and median pore width of 134.1 nm. Simil-
arly, researchers17,18 have also deducted that CaCO3-rich biosorbents possess 
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low SBET values. Hence, here, the surface area cannot be considered as a deter-
mining factor for the biosorption of cadmium and copper9. The morphology of 
the surfaces of pulverized, Cu2+ and Cd2+ laden seashell powders, were observed 
using SEM analysis and presented in Fig. 2a–c. It was evident that the surface of 
seashell powder (Fig. 2a) was heterogeneously distributed with slight grains and 
spaces. The copper ions SEM image (Fig. 2b) shows some sort of similarity with 
the adsorbent SEM image with tightly packed particles, and the presence of sec-
ondary solids on the adsorbent surface, signifying the occurrence of surface pre-
cipitation. The similarity with the SEM image of the adsorbent could possibly be 
due to precipitation of Cu2+ with bicarbonates in the aqueous medium since the 
CaCO3 dominant adsorbent tend to leach its constituents ions in the solvent 
medium, of which carbonates transform into bicarbonates.19 The SEM image of 
post-biosorption of Cd2+ (Fig. 2c) can be categorized as powder layered, showing 
precipitation on the surface. Cadmium adsorption on calcium carbonate com-
pounds usually follows surface precipitation since ionic radii of the divalent cal-
cium and cadmium are similar, as shown in the SEM image.18 

 a b 

  
c 

 
Fig. 2. SEM images of: a – seashell powder, b – Cu2+ and c – Cd2+ laden seashell powder. 

The pre and post adsorption elemental profiles of seashell powder are shown 
in Fig. 3a–c. The seashell powder EDX spectra (Fig. 3a) showed carbon, oxygen 
and calcium were the major constituents. The calcium-loaded adsorbent spectra 
(Fig. 3b) showed the addition of copper in the elemental profile signifying the 
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adsorption on the adsorbent, and the slight decrease in weight and atomic per-
centage of calcium indicate the surface precipitation of Cu2+. The Cd2+ laden 
adsorbent EDX spectra (Fig. 3c) illustrated a small change in the elemental pro-
files of calcium and other elements, with only the addition of cadmium signal, 
indicating the aggregate formation, i.e., (Cd,Ca)CO3.9 

 a b 

 
c 

 
Fig. 3. EDX spectra of: a – seashell powder, b – Cu2+ and c – Cd2+ laden seashell powder. 

The pHpzc value of the adsorbent was found to be 9.25, signifying that the 
adsorbent surface was mostly positive. This result suggests that positively 
charged Cu2+ and Cd2+ couldn’t easily adsorb onto the adsorbent through ion 
exchange and thus complexation or surface precipitation could be considered as 
the primary adsorption mechanism.20 
Adsorption study of metal ions using seashell 

The Cu2+ and Cd2+ adsorption was performed with M. aequisulcata seashell. 
The biosorption efficacy was augmented by altering the metal ions concen-
trations, temperature of the process, pH and contact time.  

Interaction time. Fig. 4 illustrates the plot of contact time, t in min, and per-
centage adsorption of Cu2+ and Cd2+ with M. aequisulcata shells. The plot 
shows that the metal uptake was rapid and the increase in biosorption capacity in 
the initial 20 min for Cu2+ and 30 min for Cd2+, afterward no considerable vari-
ation was observed until 60 min. The fast process was due to involvement of the 
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biosorbent external surface in the metal ions adsorption. The next phase was 
slower as several of the external places were engaged.2 

Fig. 4. Effect of contact time (t) on ads-
orption of Cu2+ and Cd2+. 

pH. A principal parameter for the assessment of the behavior of adsorbent– 
–adsorbate is evaluation of the effect that changing pH confers onto adsorption. 
This was carried out from pH value 2 to 6. Fig. 5 is the plot between pH and 
percentage adsorption of Cu2+ and Cd2+ using pulverized seashells. The plots 
show that the metal ions uptake was very low at pH 2 but biosorption capacity 
increased till pH 5.0 and was constant after that, till pH 6.0 for both metals ions. 
The lower biosorption capacities were found in intense acidic pH ranges for both 
metal ions, reason being the protonation of the active places of the biosorbent in 
acidic media, therefore, decrease in metal ions biosorption was observed.21 

Fig. 5. Effect of initial pH on adsorption of 
Cu2+ and Cd2+. 

Adsorbent dose. Fig. 6 is the plot of adsorbent dose, g L–1, and percentage 
adsorption of Cu2+ and Cd2+ using pulverized seashells. The plot shows that inc-

Fig. 6. Effect of adsorbent dose, on ads-
orption of Cu2+ and Cd2+. 
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rease in adsorbent dose from 0.2–1.0 g L–1 led to increase in biosorption effi-
ciency, however, increase in adsorbent dose after 0.4 g L–1 resulted in the decline 
in biosorption efficiency, this is due to the unsaturation of biosorption sites, par-
ticle interfaces, i.e., accumulation and rarer energetic places at greater biosorbent 
doses.2 

Biosorption isotherm models 
The values obtained from calculating the equations (Eqs. (3–8)) are shown in 

Table I.  

TABLE I. Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm models for the 
biosorption of Cu2+ and Cd2+ using Mactra aequisulcata seashells 

Model 
Parameter Cu2+ Cd2+ 

qexp / mg g-1 59.57 38.12 
Langmuir isotherm R2 0.960 0.976 

qcal / mg g-1 59.98 40.14 
bL / L mg-1 0.227 0.37 

Freundlich isotherm R2 0.864 0.801 
Kf / mg g-1 (L mg-1)1/n 19.04 16.85 

n 3.69 4.86 
Temkin isotherm R2 0.900 0.886 

AT / L g-1 2.25 7.76 
B / J mol-1 231.22 286.56 

Dubinin–Radushkevich 
isotherm 

R2 0.850 0.866 
qcal / mg g-1 46.00 36.10 

KDR / mol2 kJ-2 1 x 10-6 4 x 10-7 

Whereas, the biosorption isotherms are presented in Figs. 7 and 8 for Cu2+ 
and Cd2+. The equilibrium statistics were more suited to the Langmuir isotherm 
when compared to Freundlich, Temkin and Dubinin–Radushkevich isotherm 

 
Fig. 7. Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm models for Cu2+ 

on seashell (Mactra aequisulcata) powder. 
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since the regression coefficient, R2 values for Cu2+ and Cd2+ acquired by the 
Langmuir isotherm model were greater than other isotherm models, indicating 
monolayer adsorption and chemisorption.2 The experimental qmax values were 
observed as 59.98 and 40.14 mg g–1 for Cu2+ and Cd2+, respectively, according 
to the Langmuir isotherm model (Table I). These values were close with the bio-
sorption capacities as calculated by Eq. (1) and found as 59.57 and 38.12 mg g–1 
for Cu2+ and Cd2+, respectively. The RL results were found to be 0.042 for Cu2+ 
and 0.027 for Cd2+. The RL values of over 0 and less than 1, for both metals ions, 
signify the favourability of biosorption process and Langmuir isotherm model.12 

 
Fig. 8. Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm models for Cd2+ 

on seashell (Mactra aequisulcata) powder. 

Biosorption kinetics 
The biosorption rate is an essential factor to assess its reaction route. The 

adsorption data were assessed with the kinetic models using their respective 
equations (Eqs. (9) and (10)). The coefficients of correlation and calculated para-
meters are illustrated in Table II. The data (Table II) showed that pseudo-first 
order kinetic model described the adsorption processes for Cu2+ and Cd2+ better 
than the pseudo-second order model. The R2 values of the pseudo-first order 
model were 0.961 and 0.970 and k1 values were 0.160 and 0.08 min–1 corres-
ponding to Cu2+ and Cd2+, respectively. The small values of k1 for both metals 
ions refer to readily occupied adsorbent sites. The kinetic pseudo-first order 
model proposes fast adsorption in the initial stage and limiting step afterwards, 
referring to chemisorption. The metal ions uptake was rapid in the first 20 min 
for Cu2+ and 30 min for Cd2+ due to their high concentrations, the process 
slowed down gradually, since the precipitation involves nucleation and the 
growth of crystals on the adsorbent sites that were less available than before; a 
limiting step, due to rearrangement of atoms and bonds.21 The qmax values were 
also in accordance with pseudo-first order kinetic model deduced qe values, i.e., 
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59.86 and 39.54 mg g–1 for Cu2+ and Cd2+ and the R2 values for the pseudo- 
-order model being 0.820 and 0.911 for Cu2+ and Cd2+, respectively. 

TABLE II. Kinetic parameters of Cu2+ and Cd2+ using Mactra aequisulcata seashells 

Kinetic model 
Parameter Cu2+ Cd2+ 

qexp / mg g-1 59.57 38.12 
Pseudo-first order R2 0.961 0.970 

k1 / min-1 0.160 0.08 
qcal / mg g-1 59.86 39.54 

Pseudo-second order R2 0.820 0.911 
k2 / g mg-1 min-1 0.005 0.002 

qcal / mg g-1 64.46 47.74 

Biosorption thermodynamics 
The thermodynamic results of the biosorption are accessible in Table III. 

The negative values of ΔG values illustrating the spontaneity and feasibility of 
biosorption process.22 The attraction of the adsorbate towards the biosorbent is 
evaluated by Kc values and the maximum values for each ion were found at 303 
K. Hence, all biosorption process were accomplished at this condition. The ΔG 
statistics raised with enhanced temperatures, demonstrating the prompt and more 
spontaneous biosorption process at lower temperatures. The ΔH values were 
–9.77 and –5.18 kJ mol–1 for Cu2+ and Cd2+, respectively. The negative results 
showing that the biosorption was exothermic, at 303–323 K. The negative values 
of entropy showing a reduction in the disorderliness in ions biosorbed on the 
biosorbent in the solution. Accordingly, there were no further accessible ions 
contributing to the entropy in the solution.2 

TABLE III. Thermodynamic parameters at different temperatures for the biosorption of Cu2+ 
and Cd2+ using Mactra aequisulcata seashells 

Ion 
T / K 

ΔH / kJ mol-1 ΔS / kJ mol-1 K-1 303 308 313 318 323 
ΔG / kJ mol-1 

Cu2+ –3.39 –3.27 –3.17 –3.06 –2.97 –9.77 –0.02 
Cd2+ –1.74 –1.70 –1.64 –1.60 –1.50 –5.18 –0.01 

Table IV illustrates the biosorption capacities of similar genre of biosor-
bents. The table also shows that the used biosorbent has the potential to be used 
as an efficient biosorbent due to its relatively better biosorption capacities. 

CONCLUSION 

This study intends to gauge intrinsic efficacy of the seashells for its diverse 
application. The easily found indigenous seashell, Mactra Aequisulcata of class 
Bivalvia was selected and successfully employed as a biosorbent to remove Cu2+  
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TABLE IV. An overview of biosorption capacities of different biosorbents of similar class. 
Adsorbent Material/polymorph qe / mg g-1 Reference 

Cu2+ 
Anadara inaequivalvis shells Aragonite (CaCO3) 330.2 2 

Mactra aequisulcata shells Aragonite (CaCO3) 59.60 This study 
Chinonecetes opilio (crab shell) Protein, ash, lipid and chitin 55.90 23 

Bivalve mollusc shells CaCO3 38.93 24 

Arca shell Biomass 17.64 25 

Cd2+

Apple snail shell Aragonite (CaCO3) 81.3 18 

Mactra aequisulcata shells Aragonite (CaCO3) 38.1 This study 
Mussel shells Aragonite (CaCO3) 28.6 9 

Corbicula fluminea shell Aragonite (CaCO3) 4.03 26 

Crab shell CaCO3 3.43 27 

Oyster shell CaCO3 3.42 28 

and Cd2+ from aqueous phase. The maximum biosorption capacities were 59.6 
and 38.1 mg g–1 at pH 5.0 for Cu2+ and Cd2+, respectively. The acquired equi-
librium data were best fitted with the Langmuir isotherm model. The biosorption 
showed spontaneity, followed pseudo-first order kinetics and was exothermic in 
nature. The kinetic study revealed quick uptake equilibrium at 20 and 30 min for 
Cu2+ and Cd2+, respectively. Surface precipitation was deemed to be the primary 
adsorption mechanism. In conclusion, M. aequisulcata shells have the potential 
of a proficient biosorbent for the Cu2+ and Cd2+ removal from aqueous phase. 
Consequently, it can be used as economically and ecologically sutable biosorbent 
for heavy metals removal with reasonable biosorption capacity and abundance at 
industrial level. 

SUPPLEMENTARY MATERIAL 
Additional data are available electronically at the pages of journal website: https://  

//www.shd-pub.org.rs/index.php/JSCS/index, or from the corresponding author on request. 
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РАСТВОРА КОРИШЋЕЊЕМ АУТОХТОНИХ ШКОЉКИ Mactra aequisulcata 
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Karachi−75280, Sindh−74200, Pakistan 

Сирове шкољке Mactra аequisulcata, класе Bivalvia и врсте Mollusca коришћене су 
као адсорбенс за уклањање металних јона бакра (II) и кадмијума (II) из воденог рас-
твора. Карактеризација љуштура извршена је помоћу FTIR, EDX и SEM методе, као и 
BET-изотерме и тачке нултог наелектрисања (pHPZC). Изведени су шаржни експерименти 
за процену различитих фактора на ефикасност биосорпције. Максимална адсорпција 
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оба метална јона нађена је при дози адсорбенса од 0,4 g L-1, при pH 5 и 303 K. Макси-
мални капацитет биосорпције за Cu2+ и Cd2+ био је 59,57 и 38,12 mg g-1, редом. Утвр-
ђено је да се модел Ленгмирове изотерме показао као најприкладнији за добијене равно-
тежне податке. Термодинамички и кинетички параметри показали су да је процес 
изводљив, егзотерман и да прати псеудо-први ред. 

(Примљено 28. децембра 2020, ревидирано 22. марта, прихваћено 4. априла 2021) 

REFERENCES  
1. K. Nahar, M. A. K. Chowdhury, M. A. H. Chowdhury, A. Rahman, K. M. Mohiuddin, 

Environ. Sci. Pollut. Res. 25 (2018) 7954 (https://doi.org/10.1007/s11356-017-1166-9) 
2. S. K. Bozbaş, Y. Boz, Process Saf. Environ. Prot. 103 (2016) 144 

(https://doi.org/10.1016/j.psep.2016.07.007) 
3. D. Gola, A. Malik, Z. A. Shaikh, T. R. Sreekrishnan, Environ. Process. 3 (2016) 1063 

(https://doi.org/10.1007/s40710-016-0176-9) 
4. O. Abdi, M. Kazemi, J. Mater. Environ. Sci. 6 (2015) 1386 

(https://www.jmaterenvironsci.com/Document/vol6/vol6_N5/164-JMES-1454-2015-
Abdi.pdf) 

5. B. Bano, E. Zahir, Water Sci. Technol. 73 (2015) 1301 
(https://doi.org/10.2166/wst.2015.590) 

6. R. R. Crichton, Biological Inorganic Chemistry, Elsevier, Milan, 2007, p. 330 
(https://doi.org/10.1016/B978-0-444-52740-0.X5024-8) 

7. Y. Du, F. Lian, L. Zhu, Environ. Pollut. 159 (2011) 1763 
(https://doi.org/10.1016/j.envpol.2011.04.017) 

8. E. Jeon, S. Ryu, S. Park, L. Wang, D. C. W. Tsang, J. Clean. Prod. 176 (2017) 54 
(https://doi.org/10.1016/j.jclepro.2017.12.153) 

9. H. T. Van, L. H. Nguyen, V. D. Nguyen, X. H. Nguyen, T. H. Nguyen, T. V. Nguyen, 
S. Vigneswaran, J. Rinklebe, H. N. Tran, J. Environ. Manage. 241 (2019) 535 
(http://hdl.handle.net/10453/128739) 

10. Mactra aequisulcata Sowerby Iii 1894 - Encyclopedia of Life 
https://eol.org/pages/46471883, (28th January, 2021) 

11. I. Langmuir, J. Am. Chem. Soc. 40 (1918) 136 (https://doi.org/10.1021/ja02242a004) 
12. N. Ayawei, S. S. Angaye, D. Wankasi, E. D. Dikio, Open J. Phys. Chem. 5 (2015) 56 
13.  (https://doi.org/10.4236/ojpc.2015.53007) 
14. H. Freundlich, Z. Phys. Chem. 57 (1907) 385 (https://doi.org/10.1515/zpch-1907-5723) 
15. N. Ayawei, A. N. Ebelegi, D. Wankasi, J. Chem. 2017 (2017) 

(https://doi.org/10.1155/2017/3039817) 
16. Z. Berizi, S. Y. Hashemi, M. Hadi, A. Azari, A. H. Mahvi1, Water Sci. Technol. 74 

(2016) 1235 (https://doi.org/10.2166/wst.2016.320) 
17. A. Shafiu Kamba, M. Ismail, T. A. Tengku Ibrahim, Z. A. B. Zakaria, J. Nanomater. 

2013 (2013) (https://doi.org/10.1155/2013/398357) 
18. D. Alidoust, M. Kawahigashi, S. Yoshizawa, H. Sumida, M. Watanabe, J. Environ. 

Manage. 150 (2015) 103 (https://doi.org/10.1016/j.jenvman.2014.10.032) 
19. B. Zhao, J. E. Zhang, W. Yan, X. Kang, C. Cheng, Y. Ouyang, Desalin. Water Treat. 

57 (2016) 23987 (https://doi.org/10.1080/19443994.2016.1140078) 
20. A. Sdiri, T. Higashi, Appl. Water Sci. 3 (2013) 29 (https://doi.org/10.1007/s13201-012-

0054-1) 
21. H. N. Tran, S. You, H. Chao, Waste. Manage. Res. 34 (2016) 129 

(https://doi.org/10.1177/0734242x15615698) 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



780 REHAN ULLAH, ZAHIR and ASGHAR 

22. D. M. Veneu, C. L. Schneider, M. B. De Mello, O. Galvão, C. Cunha, L. Yokoyama, 
Environ. Technol. 39 (2018) 1670 (https://doi.org/10.1080/09593330.2017.1336574) 

23. W. Wei, Q. Wang, A. Li, J. Yang, F. Ma, S. Pi, D. Wu, Sci. Rep. 6 (2016) 1 
(https://doi.org/10.1038/srep31575) 

24. A. Hossain, S. R. Bhattacharyya, G. Aditya, Wat. Res. 35 (2014) 3551 
(https://doi.org/10.1016/S0043-1354(01)00099-9) 

25. Y. Liu, C. Sun, J. Xu, Y. Li, J. Hazard. Mater. 168 (2009) 156 
(https://doi.org/10.1016/j.jhazmat.2009.02.009) 

26. S. Dahiya, R. M. Tripathi, A. G. Hegde, Bioresour. Technol. 99 (2008) 179 
(https://doi.org/10.1016/j.biortech.2006.11.011) 

27. F. A. Ismail, A. Z. Aris, Environ. Sci. Pollut. Res. 21 (2014) 344 
(https://doi.org/10.1007/s11356-013-1906-4) 

28. C. Zhou, X. Gong, W. Zhang, J. Han, R. Guo, Water Environ. Res. 89 (2017) 817 
(https://doi.org/10.2175/106143017X14902968254854) 

29. Y. Gao, Asian J. Chem. 25 (2013) 8537 
(http://dx.doi.org/10.14233/ajchem.2013.14828A). 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




