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ABSTRACT

Biosorption of Pb(ll) and Cd(I1) from Aqueous solution was studied using Arenga pinnata shell immobilized in
Calcium Alginate in batch mode. Uptake of metal was very fast initially and equilibrium was attained within 15 min.
Sorption data conformed well both Langmuir and freundlich isoterm model for Pb(l1), while for Cd(l1), the langmuir
is better than the freundlich isoterm model. Highest Pb(Il) uptake (78,957 %) and Cd(ll) uptake (51,022 %) by
selected biomass (1 %) immobilized in 1 % Calcium Alginate occured at pH 4, 100 rpm for Pb(Il) and 150 rpm for
Cd(I1) when both initial concentration was 10 mg/L.

Keywords: Calcium algiante, Immobilized Sugar Palm Frultréhga pinnata Merr) Shell, Pb(ll) and Cd(ll)
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INTRODUCTION

The presence of metal ions in natural and industréstewater, and their potential health implicatido man and
his environment has been a subject of environmerttatern in the last three decades [1]. The releddarge
guantities of heavy metal from industries into émvironment has resulted in a number of environalgarbblems
[2-3]. The adverse effects of heavy metals aff@ttanly the ecosystems, but also human life viatdamulation
and bioaugmentation in the food chain ([4]. Severahnologies have been developed for the remdvaletal ions
from industrial wastewater, such as chemical pigtipn, ion exchange, coagulation, electrolysevjerse osmosis
processes, adsorption, membrane separation andratiap. These processes are inefficient or experisi which
some technological problems exist especially wiggilied to diluted metal solutions and when heavyamexist in
low concentrations. Therefore, the search for chaahcompetitive technologies is strongly recomneen-9].

Biosorption for heavy metals and various organidlupants has emerged as a potential alternativehto
conventional techniques because it more efficieast-effective and environmentally friendly [10].08t studies
about biosorption have focused on the use of deadass in powdered form. This has practical proBlesnch as
low mechanical strength, small particle size, diffty in separating biomass from liquid stream raisorption,
and mass loss in post-separation. These problemisecaolved through the immobilization of biomassatural or
synthetic polymers, which provides additional adagas over freely suspended cells. The immobibnatif native
biomass improves its mechanical strength, rigidgize, porosity characteristics, resistance to renwental
restraints, convenience for regeneration and relis®mass and easy solid—liquid separation [10-11]

Recently, he utilization of banana and orange sheimobilized by Ca-alginate has been studied [$2}gassum

sp. macroalgae that was immobilized by polyethylene (PEI) [13], algae that was immobilized by Cgirsate
[14], and Saccharomyces cerevisiae that was imimeHilon the chitosan surface [6].
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In this research, a biosorbent from Arenga pinsatdl was immobilized by using alginate compouratiism salt).
This waste can be used as a biosorbent becausgtdiiic the active compounds such as carbohydiateins, fats,
and the other minerals that play a role in the giigm of metal ions. The immobilization of Arenginnata is
expected to increase the absorption capacity oélniets to compare with the absorption of metakidy using
batch method that has been done before [15]. Theettdration of metal ions was measured by using A#&8mic

Absorption Spectrometer). The morphology and thdasa characteristic of biosorbent before and after
absorption was analyzed by SEM (Scanning Electr@rddcope), while the interaction between the mietad and
biosorbent was observed by using FTIR (Fourier 3fiam Infra Red).

EXPERIMENTAL SECTION

Equipment and M aterials

Field Emission Scanning Electron Microscope (FE-SEMspect F50, FEI Company, USA), Atomic Absorptio
Spectrophotometer (WFX-320 Raylight, BRAIC, Ching),IR (FT/IR-460 Plus, Jasco, Japan), a digitahbeé.
Arenga pinnata shell was collected from Batusangkgtrict, West Sumatra province, Indonesia, Aigents used
are in pure analytical grade obtained from E-Mef@Glermany) unless otherwise noted. Sodium Algin@&Clh,
Pb(NG,),, Cd(NQG),, HNO; 65% and NaOH, , distilled water was laboratory enad

Experimental section

The experiment was conducted in some phases. Theidi the creation of adsorbent Arenga pinnatdl she
immobilized in Calcium Alginate. The second is detmation of the optimum conditions for sorption(Pband
Cd(Il) with variation of solution pH, contact timagitation speed, ratio of alginate: biomass, biosot weight, and
initial concentration of solution. Last, desorptiaiimetals ion by using HNQwith varying pH and determination of
adsoprtion capacity both of metal in multicomponsalution in optimum condition resulting from theepious
stage.

Preparation of immobilized biosor bent

Alginate solution of 1 % was prepared by dissolving alginate (sodium salt) in 100 mL of hot distll water with
constant stirring to avoid formation of lumps. Télarry was cooled to room temperature and equahtijyiaof
powdered biomass was added under stirring conditiohave a uniform mixture. This mixture was exgdds
droplets in 0,2 M CaGlsolution, using syringe. The gel beads were altbwee cure for 2 h at°€ and washed
thoroughly with distilled water. The gel beads kapa temperature of@ until treatment.

Batch Biosorption Studies

The biosorption of Pb(Il) and Cd(ll) using immob#éid Arenga pinnata shell biomass was investigatedatch
experiments. Biosorption process was carried oubain temperature in 50 mL glass Erlenmeyer flagkctv
contains 0.5 g of adsorbent and 25 mL of ion sotu{Pbll and Cdll) 10 mg/L. Flask were agitatedaoshaker at
100 rpm for 1 hour at room temperature. The pHodit®on is adjusted by addition of HCl and NaOH eTdolution
was filtered and filtrate was analyzed by SSA falcalating the value of absorption capacity factor.

_ Co=C
Q= —— X0.025L

RESULTSAND DISCUSSION

SEM Analyses

The surface structures of the Arenga pinnata $teatls before and after adsorption are shown inlFigith 200x
magnification. The surface of the biosorbent baaderegular and blobs. After absorption, a gregaldf crystals
metal ion adhered to the surface, this causestss o the surface of the adsorbent be large.

FTIR Analyses

FTIR is an analytical technique that is importamtdetect the functional groups that involve in #fesorption of
metal ions by comparing the FTIR spectrum before after the absorption. The wave number of the tianal

groups will shift towards smaller wave numbers. Tiectional group that contained on biomaterialgvah in Fig.

2.

Based on Fig. 2, the Pb (II) metal ions was bounthé OH group which is characterized by a shifteavaumber

from 3423.57 cil to 3422.11 cil. In addition, the metal bond with the functionabgps also occur in the CO
group which is characterized by a shift wave nunfben 1061.44 cm to 1034.91 cm. The peak intensity of the
immobilized Arenga pinnata shell was higher tham pkak intensity of sodium alginate. It also foleaby a peak
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increase in the immobilized biomass. However, thakpntensity will decrease if it contacts with thetal ions Pb

().

Effect of solution of pH

Fig. 3 shows that the absorption capacity of thglPband Cd (Il) metal ions increase from pH 2gH 4, but it
decreases after pH 4. At low pH, functional grouas protonated and it limit the absorption of melaé to the
competition of metal ions with HAlong with the increase in pH, functional grouash as amino, phosphate, and
carboxyl groups will open and carry a negative ghao that the metal ions will be adsorbed.

At higher pH, the amount of adsorbed metal ion$ alflo decrease. This is because there is a caiopdbetween
the active molecules of negatively charged biosurtad OH-ions. In these conditions, there is anfiiron of
anionic hydroxide complexes between metal ionsIbdd (1), and a hydroxyl group that forms a pitate.

In Fig. 3 it can be seen that the absorption c&patiPb (II) metal ions is higher than the Cd (hptal ions, this is
because the atomic radius of Pb is larger tharCtheo that the Pb is easier to hand its electroisnd the active
site of the molecule biosorbent.

Effect of Contact Timeon

Fig. 4 shows that the absorption capacity of the(lBband Cd (lI) metal ions increase from 15 migsitto 45
minutes of contact time, although it is not toondigant. However, over 45 minutes of contact tirties absorption
capacity of metal ions will decrease and it thes d@onstant value at 60 minutes to 90 minutesfct time.

Absorption will increase in increasing of interactitime and it will reach the equilibrium at thetiopum time.
After passing through the equilibrium, the absanptwill decrease. This is because the metal iotherbiosorbent’s
active side molecules was detached again becaube @fffect of stirring process that cause thealbistbond. In
addition to stirring effect, the saturation of t@ution will decrease the absorption because itwolbent’'s active
side molecules have bound all of the metal ionhsd there is no active side was empty to bind &main metal
ions in the solution.

Effect of Agitation Speed

Fig. 5 shows that the optimum absorption capaditi?to was obtained at 100 rpm, while Cd was obtaetel50

rpm. In the Pb curves, the speed over 100 rpmesathe decrease in absorption capacity, wherdag i6@d curves,
the speed over 150 rpm will cause the decreasesiorgtion capacity. This occurs because the agitgtiocess can
cause the change in the concentration of metaldonthe biosorbent surface so that it will chatigebiosorption
balance. In the beginning of the agitation procewstal ions and biosorbent particles will move dastind improve
its relative concentration so that the biosorptian occur often. But when the agitation speed gass®rtain limit,

the kinetic energy of metal ions and biosorbentiglas increase, so that the biosorption will dasee The high
speed of agitation process causes an increasaétikkenergy value of each particle so that it wilaken the bond
between metal ions and biosorbent active groupshioh the absorption capacity of metal ions wédtdease.

Effect of ratio of Alginate-Biomass

The next assay in this research is to conduct #i@tion of alginate ratio: biomass. Alginate camcation was
maintained at 1%, while biomass concentration waged at 0.5%; 0.75%; 1%; 1.25%; and 1.5%. Thidase to
determine the ratio of alginate: optimum biomasméoease the absorption capacity.

Based on Fig. 6, the optimum absorption capacityhefPb (II) metal ions are in the ratio of alggnabiomass 1% :
0.5%. The absorption capacity of Pb (Il) meta idasreased from 0.75% to 1.5% of biomass concemtralihe
absorption capacity of Cd (lI) metal ions increafedh 0.5% to 1% of biomass concentration. After dPbiomass
concentration, the absorption capacity of Quietal ions will decrease. Based on these dataatie of alginate:
optimézjm biomass for each metal is 1% of alginade5% of biomass for P8 and 1% of alginate : 1% of biomass
for Cd™.

Effect of Adsorbent Dossage

Fig. 7 shows the absorption capacity will decréasacreasing of biosorbent number. It means thatabsorption
of metal ions per weight unit will decrease in emsing of biosorbent number. The decrease in teerption
capacity was caused by decreasing of total amduamtisorbent surface area and extending of diffupiath due to
the adsorbent particle aggregation [16].

Meanwhile, the absorption efficiency increase ioréasing of biosorbent number. If the biosorbenniper is
increased, the functional groups will also incre&$gure 8 shows that the absorption efficiencybfand Cd in 0.5

967



Edison Munaf et al J. Chem. Pharm. Res,, 2015, 7(5):965-972

g of biosorbent was only 65.5%, whereas the absormfficiency in 1.75 g of biosorbent increased7&957%.
The same thing happened to the Cd ions.

Effect of Initial Concentration

In theory, an increase in metal ions concentratidhincrease the absorption capacity because mmal ions will

bind the functional groups of biosorbent. The apBSon capacity will increases in increasing of rhatns

concentration. The absorption of Pb (ll) metal idnsreased until 200 mg/L with 4.515 mg/g of absorm

capacity, while the absorption of Cd (Il) metalsanitially increased until 150 mg/L with 3.545 rgg#f absorption
capacity, but it will saturate at 200 mg/L. The @ipsion capacity of Cd (II) metal ions using an mamobilized

Arenga pinnata biosorbent (15) was lower than usmmobilized Arenga pinnata biosorbent. In the pras

research, researchers obtain the absorption cgpafc@d at 100 mg /L was 1.162 mg/g, whereas in thsearch,
the absorption capacity that was obtained at theessoncentration was 2.046 mg/g. It proves thafrtiraobilized

biosorbent can increase the absorption capacity.

I sotherm Adsor ption

Isotherms adsorption was performed at pH 4 withlihieng/L to 200 mg/L of metal ions initial conceatton. The
study about the adsorption equilibrium showed tlwsdrbent capacity, in which the adsorption eqriliim was
illustrated by the isotherm adsorption with thetigatar constant.

1.50kV 6.1mm x200 SE : 200pum

1.50kV 6.2mm x200 SE
B

Fig. 1. Scanning Electron Images of Arengap innata Shell beads before (A) and after (B) adsor ption

Langmuir isotherm models assume that the struaifil@osorbent was homogeneous. Active group ondoiment
have a similar affinity for the monolayer adsorpti@he bonding in the functional groups can beegitthemical or
physical bond, but it has to strong enough to pretlee movement of adsorbed molecules [6]. Langrisoitherm
show that the absorption capacity value will insee@n increasing of metal ions concentration. Baseéfigure 10,
the value of the maximum absorption capacity (Qmjromobilized Arenga pinnata in theory is 4.76 imégr Pb
(i) and 1.92 mg/L for Cd (IlI) whereas the Qm vabfeunimmobilized Arenga pinnata is 0.15 mg/L @ (I1). It
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proves that the utilization of immobilized biosomasan increase the absorption capacity. On ther dtaed,
Freundlich isotherm models describe the adsorgtioness occurs on the multilayer surface. Baseti®ff values
that obtained from the two models above, the altigorf Pb (II) and Cd (II) metal ions was a Frelictdisotherm
models, although the two values do not have afiignit differences.

4000 300 000 2500 2000 1500 1000 500

#rs (cm-1

Fig. 2. FTIR spectra of Arenga pinnata shell beads sodium alginat (a), before (a) and after (b) adsorption
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Fig. 3. Effectsof initial pH on Pb(l1) (m) and Cd(l1) (o) biosor ption; metal ions solution volume 25 mL; concentration of solution 10
mg/L ; adsorbent weight 0,5 g; contact time 60 min; agitation speed 100 rpm
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Fig. 4. Effects of contact time on Pb(I1) (w) and Cd(Il) (o) biosor ption; metal ions solution volume 25 mL ; concentration of solution 10
mg/L; pH of solution 4; adsorbent weight 0,5 g; agitation speed 100 rpm
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Fig. 5. Effects of agitation speed on Pb(I1) (m) and Cd(I1) (o) biosor ption; metal ions solution volume 25 mL ; concentration of solution 10
mg/L; pH of solution 4; adsorbent weight 0,5 g; contact time 15 min
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Fig. 6. Effects of ratio alginate : biomasson Pb(l1) (m) and Cd(l1) (o) biosor ption; metal ions solution volume 25 mL ; concentration of
solution 10 mg/L; pH of solution 4; adsor bent weight 0,5 g; contact time 15 min; agitation speed 100 rpm for Pb(I1) and 150 rpm for
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Fig. 7. Effects of adsorbent dossage and % adsor ption on Pb(I1) (m) and Cd(l1) (o) biosor ption; metal ions solution volume 25 mL ;
concentration of solution 10 mg/L ; pH of solution 4; adsor bent weight 0,5 g; contact time 15 min; agitation speed 100 rpm for Pb(I1) and
150 rpm for Cd(I1); ratio alginat : biomass 1:0,5 for Pb(I1) and 1:1 for Cd(l1)

CONCLUSION

Arenga pinnata shell has important potential fa ttmoval of Cu(ll) and Zn(ll) ions from aqueoususion. The
result show that immobilized Arenga pinnata shelhliginate can be used as biosorbent for the aféeeotmoval of
heavy metal ions from aqueous solutions. The bismr capacity of Arenga pinnata shell immobilizedo
alginate for Pb(ll) and Cd(ll) is higher than caipaof the non-immobilized powder Arenga pinnat&lsh
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