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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 (IT) metal ions from aqueous solution. The charac-
terization of shells was performed using FTIR, EDX and SEM, BET isotherm
and point of zero charge (pH,,). 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! adsorbent dose, pH 5 and at 303 K.
Maximum biosorption capacities for Cu?" and Cd*" were 59.57 and 38.12 mg
g’!, 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.

Keywords: adsorbent; heavy metals; pollutants; remediation; wastewater.

INTRODUCTION

The environmental condition for humans and other living beings worldwide
has become more inhospitable than it has ever been before.! 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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768 REHAN ULLAH, ZAHIR and ASGHAR

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.> 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.® The seashells as an agent to
remediate wastewater from heavy metals have also been employed, rather than
geological calcium carbonate.” Biosorption augmentation through pre-treatment
processes, such as with organic chemicals,® thermal processing8 and acid treat-
ment? have also been successfully opted. Mactra aequisulcata, species of mus-
sels, found in marine habitat, has aragonite as its major constituent!9 and bio-
genic aragonite is considered to be a suitable biosorbent for heavy metal adsorp-
tion?. 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 pS
cm!. 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 HCI solution for 30 min,
for the removal of impurities adhered on the surface of shells. The shells were washed with
DI-H,0 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 Cu?* and Cd?* was done
with CuSO,4 5SH,0 and CdCl, (>99 %, Merck, Germany), respectively. The solution pH were
altered to the desired level with 0.1 M HCI and NaOH.
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M. aequisulcata AS BIOSORBENT TO REMOVE COPPER AND CADMIUM 769

Biosorption of metal ions

For metals biosorption, a known quantity of pulverized seashell was used with 50 mL of
Cu?* and Cd?* 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), 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, ¢ in mg g'!, were measured using the following equations:

Aps =10050=Ce (1)
Go
q= V(CO — Ce) (2)
m

where, Cy and C, in mg L1, 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 Cd?" 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 pHy,.

The point of zero charge (pHp,) 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 HCI 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 (pH;) and the final pH (pHy) was plotted with pH;. The intersection of
the plot and pH; (x-axis) was deemed as the pH,.

Biosorption isotherm models

For isotherm studies, an adsorbent dose of 0.4 g L1 of pulverized seashell was used with
50 mL of Cu?* and Cd?* 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 Cu?" 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-
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770 REHAN ULLAH, ZAHIR and ASGHAR

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

1+5C,

e

where, C, in mg L signifies the equilibrium concentration of the metal ions, g, in mg g’!,
corresponds to the equilibrium adsorption capacity, ¢, in mg g! and b in L mg’!, 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, R} and its equation is illustrated as:!2

- @)
1+5C,

Ry

The Freundlich model, nonlinear form is applicable to multilayer adsorption, relating to
energetic surface heterogeneity and can be assessed from the following equation:!3

qe = KiCe!" ®)
where Ky / mg g! (L mg!)'” 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):

de = Bln (ATCe) (6)

where, B in J mol'!, is the constant of heat of sorption at equilibrium and At in L g”!, 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.!# 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 as!>:

qe = gyeKoRE? (7)

£= RTln[H—LJ ®)
Ce
where, g, in mg g! is the Dubinin—Radushkevich isotherm model constant relating to maxi-
mum adsorption capacity; Kpgr, mol? kJ2, is Dubinin-Radushkevich isotherm constant; ¢ is
the Polanyi potential, R / J mol-! K-!; and T/ K are the gas constant and absolute temperature,
respectively.

Biosorption kinetics

For kinetics studies, an adsorbent dose of 0.4 g L! of pulverized seashell was used with
50 mL of Cu?" and Cd*" solutions in Erlenmeyer flasks, separately; with initial metal ions
concentration of 100 mg L-!, 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 i7) pseudo-second order (Eq. (8)) are described by the equations as follows:

4= qe(1 — %) ©)
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qeszt

= — 10
qt qekzt +1 ( )

ky / min! and k, / g mg! min'! are the rate constants of pseudo-first order and pseudo-second
order, respectively; and ¢, /mg g! is the amount of metal ion adsorbed at any given time ¢.
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, AG / k] mol'!, entropy, AS / k] mol'! K-! and enthalpy, AH / kJ mol-!:

AS AH
ok, - (A5)(22) an
AG=RTIn K, (12)
where, K. represents the constant of thermodynamic equilibrium and R corresponds to the
Universal gas constant and 7/ K is the absolute temperature.
RESULTS AND DISCUSSION
Analysis and characterization of seashell

The Cu?"™ and Cd?" concentrations in the seashells were found to be well
below the lower limit of quantitation (0.1 and 0.01 mg L-! for Cu?" 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™! 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

5ol — m/\ /V\ —
1789 1076
\ 726

< \
g 407 |
E 854
E 309
B
=

207 1455

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber, ¢!

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 m? g-!) and median pore width of 134.1 nm. Simil-
arly, researchers!7-18 have also deducted that CaCOs-rich biosorbents possess
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772 REHAN ULLAH, ZAHIR and ASGHAR

low Sggt values. Hence, here, the surface area cannot be considered as a deter-
mining factor for the biosorption of cadmium and copper®. The morphology of
the surfaces of pulverized, Cu?™ and Cd?" 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 Cu™ 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.!® The SEM image of
post-biosorption of Cd2* (Fig. 2¢) 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.!8

b

Fig. 2. SEM images of: a — seashell powder, b — Cu?* and ¢ — Cd?" 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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M. aequisulcata AS BIOSORBENT TO REMOVE COPPER AND CADMIUM 773

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)CO3.7

a b
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Fig. 3. EDX spectra of: a — seashell powder, b — Cu?* and ¢ — Cd?" laden seashell powder.

The pHp,c value of the adsorbent was found to be 9.25, signifying that the
adsorbent surface was mostly positive. This result suggests that positively
charged Cu?* and Cd?* 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 Cd?* 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, ¢ in min, and per-
centage adsorption of Cu2™ and Cd?" 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 Cu?* 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
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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 Cu?* and Cd?" 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.2!
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! Fig. 5. Effect of initial pH on adsorption of
pH Cu?* and Cd?".

Adsorbent dose. Fig. 6 is the plot of adsorbent dose, g L~!, and percentage
adsorption of Cu?* and Cd2" using pulverized seashells. The plot shows that inc-
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0 02 04 0.6 0.8 ,  Fig. 6. Effect of adsorbent dose, on ads-
Adsorbent dose, g L! orption of Cu?" and Cd?".
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rease in adsorbent dose from 0.2-1.0 g L~! led to increase in biosorption effi-
ciency, however, increase in adsorbent dose after 0.4 g L~! 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 (Egs. (3—8)) are shown in
Table I.

TABLE I. Langmuir, Freundlich, Temkin and Dubinin—Radushkevich isotherm models for the
biosorption of Cu?* and Cd?" using Mactra aequisulcata seashells

Model Parameter Cu?* Cd**
ode Goxp/ Mg £! 59.57 38.12
Langmuir isotherm R? 0.960 0.976
Gea / Mg g’} 59.98 40.14
by /L mg! 0.227 037
Freundlich isotherm R? 0.864 0.801
K¢/ mg gt (L mgh)n 19.04 16.85
n 3.69 4.86
Temkin isotherm R2 0.900 0.886
A7/ L g 225 7.76
B/ J mol! 231.22 286.56
Dubinin—Radushkevich R 0.850 0.866
isotherm Gea/ Mg gt 46.00 36.10
Kpg / mol? kJ2 1x10° 4x107

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

60.0
50.0
= 40.0
af)
5
~ 30.0
=
¢ 9. ~-&-- Langmuir - -~ Freundlich
200
L0l —-&-— Temkin —e-D-R
0.0 T T . T T - - |
0 10 20 30 40 50 60 70 80
C./mgL!

Fig. 7. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models for Cu?"
on seashell (Mactra aequisulcata) powder.
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776 REHAN ULLAH, ZAHIR and ASGHAR

since the regression coefficient, R? values for Cu?* and Cd2* acquired by the
Langmuir isotherm model were greater than other isotherm models, indicating
monolayer adsorption and chemisorption.? The experimental g values were
observed as 59.98 and 40.14 mg g1 for Cu?* and Cd?", respectively, according
to the Langmuir isotherm model (Table ). These values were close with the bio-
sorption capacities as calculated by Eq. (1) and found as 59.57 and 38.12 mg g !
for Cu2* and Cd2*, respectively. The Ry results were found to be 0.042 for CuZ*
and 0.027 for Cd2*. The Ry values of over 0 and less than 1, for both metals ions,
signify the favourability of biosorption process and Langmuir isotherm model.!2

40,00 4
2300
‘E
=

20.0 1 o de w3 Langmuir - -0 - Freundlich

10.00 4

---a--- Temkin —e-D-R
0.0 T T T T T T . .
0 10 20 30 40 50 60 70 80
C./mg L'

Fig. 8. Langmuir, Freundlich, Temkin and Dubinin—-Radushkevich isotherm models for Cd?"
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 (Egs. (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 Cu?* and Cd?" better
than the pseudo-second order model. The R? values of the pseudo-first order
model were 0.961 and 0.970 and k; values were 0.160 and 0.08 min~! corres-
ponding to Cu?* and Cd2*, respectively. The small values of k| 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 Cu?* and 30 min for Cd?" 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.2! The gpax values were
also in accordance with pseudo-first order kinetic model deduced ¢, values, i.e.,
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59.86 and 39.54 mg g! for Cu2* and Cd?* and the R? values for the pseudo-
-order model being 0.820 and 0.911 for Cu2* and Cd2", respectively.

TABLE II. Kinetic parameters of Cu** and Cd** using Mactra aequisulcata seashells

Kineti del Parameter Cu?* Cd**
inetic mode Gop /Mg L 59.57 38.12
Pseudo-first order R2 0.961 0.970
ky / min-! 0.160 0.08

Geal/ Mg g’} 59.86 39.54

Pseudo-second order R? 0.820 0.911
k> / g mg! min’! 0.005 0.002

Geal/ Mg g’! 64.46 47.74

Biosorption thermodynamics

The thermodynamic results of the biosorption are accessible in Table III.
The negative values of AG values illustrating the spontaneity and feasibility of
biosorption process.2? The attraction of the adsorbate towards the biosorbent is
evaluated by K, values and the maximum values for each ion were found at 303
K. Hence, all biosorption process were accomplished at this condition. The AG
statistics raised with enhanced temperatures, demonstrating the prompt and more
spontaneous biosorption process at lower temperatures. The AH values were
—9.77 and —5.18 kJ mol-! 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 Cu?*
and Cd2" using Mactra aequisulcata seashells

T/K
Ton 303 308 313 318 323 AH/kImol'!  AS/kJ mol! K-!
AG / kJ mol!
Cu?* -339 327 317 -3.06 297 -9.77 -0.02
Ccd* -1.74 -170 -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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778 REHAN ULLAH, ZAHIR and ASGHAR

TABLE IV. An overview of biosorption capacities of different biosorbents of similar class.

Adsorbent Material/polymorph g./mg gl Reference
Cu2t
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 2
Bivalve mollusc shells CaCOy 38.93 24
Arca shell Biomass 17.64 %
Cdz+
Apple snail shell Aragonite (CaCOs) 81.3 18
Mactra aequisulcata shells Aragonite (CaCO3) 38.1 This study
Mussel shells Aragonite (CaCOj3) 28.6 9
Corbicula fluminea shell Aragonite (CaCO3) 4.03 26
Crab shell CaCO4 3.43 27
Opyster shell CaCO;, 342 28

and Cd?" from aqueous phase. The maximum biosorption capacities were 59.6
and 38.1 mg g ! at pH 5.0 for Cu?* 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
Cu?* and Cd%™, 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 Cd?* 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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SYED MUHAMMAD REHAN ULLAH" ERUM ZAHIR” 1 MUHAMMAD ASIF ASGHAR?

1Department of Chemical Oceanography & Marine Environment, National Institute of Oceanography, St-47,
Block-1 Clifton, Karachi—75600, Sindh—74200, Pakistan, “Department of Chemistry, University of Karachi,
Karachi-75270, Sindh—74200, Pakistan u *Food and Feed Safety Laboratory, Food and Marine Resources
Research Centre, PCSIR Laboratories Complex, Shahrah-e-Salimuzzaman Siddiqui, Off University Road,
Karachi-75280, Sindh—74200, Pakistan

Cupose 1mKkosbke Mactra aequisulcata, xiace Bivalvia n Bpcre Mollusca kopuirhere cy
Kao ajfcopdeHc 3a ykiamwame MeTaaHux joHa Oakpa (II) u xagmujyma (II) u3 BomeHor pac-
TBOpa. Kapakrepusauuja mymrypa usspuieHa je nomohy FTIR, EDX u SEM mertone, kao u
BET-u30Tepme ¥ Tauke HyJITOT HaelekTpucawa (pHezc). U3BeleHH Cy IapKHU eKCIIEPUMEHTH
3a IMpoleHy pasnuuuTux (akropa Ha edukacHocT Suocopmuuje. MakcumManHa amcopmiyja
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M. aequisulcata AS BIOSORBENT TO REMOVE COPPER AND CADMIUM 779

oba MeTanHa joHa HaheHa je mpu mosm amcopbenca on 0,4 g L1, mpu pH 5 u 303 K. Maxkcu-
MaJlH{ KamauuTeT Suocopniuje 3a Cu?t u Cd2+* 6uo je 59,57 u 38,12 mg ¢!, pemom. YTBp-
heno je na ce Mmoznen JIeHTMHUpOBe H30TepMe N0Ka3ao Kao HajIpUKIafHUjH 3a JoOHjeHe paBHO-
Te)xHe nojaTke. TepMOAMHAMUUKM M KMHETHUUKM IlapaMeTpU IOKas3aau Cy fAa je Npouec
W3BOIJBUB, €T30TEPMaH U Jia IIpaTH ICeyNo-TPBH pex.

(ITpumsseno 28. nenembpa 2020, pesupupaHo 22. MapTa, mpuxsaheHo 4. anpuna 2021)
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