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ABSTRACT

Bisorption of lead by using red betle (Piper craga) and and green betle (Piper betle) leaves hashstudied
through batch method. The effect of pH, initial camtration, bisorbent dosage and contact time vievestigated
to find the best condition in order to achieve timum biosorption capacity. Isotherm Langmuir dadtherm
Freundlich model were used to check conformity @dgoaption process. Morphological change and furraio
groups that involve during the biosorption processre observed by Scanning Electron Microscope amakriEr
Transform Infra Red Spectrosopy, respectively. Batadies indicate that the optimum biosorptionamty was
achieved at pH 4, initial concentration 1,800 mgfhd adsorbent dosage 0.1 g for both biosorbentseréas
contact time achieved optimum value at 120 minates 15 minutes for Piper crocatum and Piper betlaves,
respectively. SEM’s images showed that significhffierence before and after Pb(ll) ion uptake biglinto the
surface of biosorbent. FTIR analysis indicated fiomal group of OH stretching, C=0 carbonyl thagla role in
adsorption due to wavelength shifted. Both of th®ssorbents fit to isotherm Langmuir model basadhe value
of R 0.9576 and 0.9959 for Piper crocatum leaf and Pipetle leaf. Piper crocatum leaf give the bestaagton
process to remove Pb(ll) ion from aqueous solutiith removal percentage 92.65 %.
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INTRODUCTION

Development of industrialization produce large dites of wastewater containing heavy metals suchaimium,
tin, mrcury and lead. Heavy metals can be bioactated and enter in to human beings through the &adn and
can cause several health problems [1]. It is webvin that some metals are harmful to life, sucta@smony,
chromium, copper, lead, manganese, mercury, cadmaio, they are significantly toxic to human beirand
ecological environments [2].

There are several methods that can be used to eeimeavy metals from indstrial and domestic wastemwat
Biosorption is one of most common method which $&dito remove heavy metals ion on solution [3]. The
advantages of biosorption are an efficient, poténtow-cost effective way of removing toxic andakg metals
from industrial effluents with comparing the otladternative methods [4].

Recent biosorption experiments have focused attertth waste materials as biosorbent for both heastals and

dyes such aPsidium guajava leaveg], langsat fruit peel [5]Nypa fruticans Merishell [6], rambutan seeds [7],
Annona muricatd. seeds [8], durian fruit seeds [9], sugar palnit fseeds [10], microalg&cenedesmus dimorphus
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[11] and a few medical plants for exampleloringa oleifera leaves [12],Tridax procumbeng13], Oscimum
sanctum Linr(Tulsi) [14] and etc.

Piper crocatumandPiper betleare well-known as medical planBiperleavescontains organic compounds such as
polyphenols, flavonoids, tannin, alkaloids, andeesial oils [15]. Piper crocatumleaves is widely used to cure
various diseases such as diabetes, hepatitis, \Kifdlere, stroke, hypertension and etc [16]. Oa tither hand,
Piper betleis used to treat alcoholism, bronchitis, asthrmprdsy and dyspepsia [17].

Althogh thepiper crocatumandpiper betleleaves are widely used as a traditional medicisedscely any authors
describe this plant as material to remove toxicatsétom aqueous solution as well as from humaamsg

The present research focused on the udeipdr crocatumleaves andPiper betleleaves as biosorbent to remove
Pb(Il) ion from aqueous solution

EXPERIMENTAL SECTION

Chemical and Apparatus

All reagents used are analytical grade and obtafreed E.Merck (Darmstad, Germany). The apparatesi e
analytical balance (Kern & Sohn GmbH), crushert§éti, Germany), pH meter (Metrohm), shaker (Edmuhl&
7400 Tubingen), FTIR (Unican Mattson Mod 7000 FTIREM (Hitachi S-3400).

Leaves Preparation and Biosorption Studies

Piper crocatumleaves andPiper betleL leaves are collected from home garden at PadiéggVest Sumatra,
Indonesia. The leaves were washed with destila@emnmand dried at room temperature. Then the leathels were
milled by crusher and the powder was soaked int@klBl1 mol/L for 2 hoursFurthermore, the leave powder was
rinsed by distilled water and dried. Biosorbenteiady to used.

Bisorption assays were conducted on various pH,cemmation, biosorbent dosagee and contact time.
Characterization was carried out by using FTIR S&i.

RESULTS AND DISCUSSION

Effect of pH on biosorption of Ph(ll) ion

pH is an important parameter for adsorption of inietas from aqueous solution because it affectsstilability of

the metal ions,concentration of the counter ionstlmn functional groups of the adsorbent and theredegf
ionization of the adsorbate during reaction [18je pH optimization study was conducted within pHg& 3-8. The
adsorption capacity dPiper crocatumand piper betleleave dramatically decrease as pH increase. At lower pH,
association between adsorbent surface and hydropiusroccurs causing repulsive force between th@lnan and
biosorbent surface. As the pH increase concentratidnydronium in solution decrease and affectsiindace charge

of biosorbent causing attractive force betweendytmsnt and metal ion [3,5,19]. The results cantmevs inFig. 1.

The pH optimum adsorption capacity Biper crocatumleaves andPiper betle leavesvere achieved at pH 4 for
both biosorbent, with adsorption capacity 2.9465/gngnd 1.1879 mg/g, respectively. Shananaz et hl [1
investigated the optimum adsorption of lead at pb] Khoriah et al,at pH 5 [5], and Vanida et alkdstigated the
adsorption of lead(ll) at pH 4 [19].

Effect of initial concentration on biosorption of Po(Il) ion

Effect of initial concentration of Pb(ll) ion wasrducted at various concentration ranging from 808,000 mg/L
at pH 4. Figure 2 shows that maximum adsorptioracip of Piper crocatumleaves andPiper betleleaves were
88.45 mg/g and 61.08 mg/g, respectively achievedoatentration of Pb(ll) 1800 mg/L. Biosorption aeaijty

increased as concentration increased and decre@kidthis may caused due to the increased in relgatic

interactions (related to covalent interactions)oiming sites of progressively lower affinity for maé ions.

Therefore, more metals ions were left un-adsorhesbiution at higher concentration levels [5].
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Fig. 1 Effect of pH onPWI} adsorption, initial conc etration 30 mg/1; stirrer speed 100 rpm; contact
time 15 min; biosorbent dose Piper crocatum leaf 0.1 g; Piper betle leaf 0.25 g.
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Fig. 2 Effect of concentration on Pb{ll} adsorption, pH 4; stirrer speed 100 rpm;
contact time 15 min; biosorben dose Piper Crocatum leaf 0.1 g; Piper betle leaf 0.25 g.

Effect of adsorbent dosage on biosorption of Pb(lljon

Varying dosages dPiper crocaturmeaves andPiper betleranging 0.1-1 g at pH 4 and intial concentrati®é®b(ll)
were investigated and found that at Pb(ll) ion 0,8t)/L shown that Pb(ll) uptake by leaves at maximalue of
0.1 g with biosorption capacity 88.45 mg/g and T86ng/g, respectively. The results are shon in Eid@-he larger
the surface area, the larger the amount of metahdtsorbed. This appears to be due to the inciedke available
binding sites in the biomass for the complexatidrthe heavy metals [3]. Adsorption sites remainatasated
during the adsorption reaction whereas the numbsites available for adsorption site increasesnoyeasing the
adsorbent dose [8]. Similar report were given inouws studies [1,5,19].
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Fig. 3 Effect of bicsorbent dose on Pb{ll) adsorption, pH 4; stirrer
speed 100 rpm; initial concentration 1800 mg/L; contact time 15 min.

Effect of contact time on adsorption of Pb(ll) ion

The effect of contact time was carried out withgiag time 15-120 minutes. As shown in Fig. 4 th€lPkon
uptake onPiper crocatumgradually increased as time goes by to attainlieguim after 120 minutes. Whereas
Pb(Il) uptake orPiper betledramatically decrease as effect of contact tim# wwmaximum adsorption capacity
achieved at 15 minutes. Nazris et al reported cotitame for biosorption Pb(ll) ion is 6 minutes [@delaja et al
achieved the highest adsorption of Pb(ll) at thet @180 minutes.
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Fig. 4 Effect of contat time on Pb({ll} adsorption, pH 4, stirrer speed 100 rpmy intial
concentration 1800 mg/L, biosorbent dose Piper crocatum 0.1 g; Piper betle 0.25 g.

257



Edison Munaf et al J. Chem. Pharm. Res., 2015, 7(9):254-263

Adsorption Isotherm

Langmuir and Freundlich isotherm were used to da@tex equilibrium of adsorption model. Freundlicltiserm
model deals with adsorption at multilayer heteragars surface. The Freundlich linear form is givgntibe
following equation [5].

1
logq. = logKy + HlogCe

Where K is a constant related to the adsorption capadireundlich constant) and 1/n is an empirical
parameterrelated to the adsorption intensity (whiaties with the heterogenity of the material). W& of 1/n and
K¢ are calculated respectively from the slope amdritercept of plot of log ge vs log Ce, is showifig. 5.
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Fig. 5 Langmulr Isotherm of Plper betle (A); Plper crocatum (B).

The Langmuir model represents monolayer sorptiora aet of distinct localized sorption sites havihg same
sorption energies independent of surface coveraitfe mo interaction and no steric hindrance betwserbed
molecules and incoming molecules. The sorption @ata also subjected to the following linearizednfoof
Langmuir equation [18].

e e

de  qmb  dm

Where @, represent sorption saturation capacity (mmb), gndicating a monolayer coverage of sorbent \ifita
sorbate, b elucidate the enthalpy of the sorptim® (mol?), independent of temperature. Result revealedttet
adsorption of Pb(ll) from Langmuir isotherm is shoin figure 6.

From graphics of adsorption of Pb(ll) fit to Langmisotherms model for both Piper croactum dfiger betle
leaves with the higher value of determination doifht R = 0.9576 and 0.9959 respectively. This result show
that biosorption of Pb(Il) witlPiper crocaturmand Piper betle leaves through chemisorptionsgasc

Characterization of biosorption

FTIR Analysis

FTIR is an important analytical technique, whichedt¢s the vibration characteristics of chemicalktional groups
existing on the surface of adsorbent. FTIR can gifermation about functional group that may invelduring
adsorption process. As shown Fig. 7 and Fig. 8 the peak at 3400-3200 chrindicate the presence of OH
stretching, peak 3000-2850 ¢rahow the spectrum of CH stretching and sharp mprecat 1700-1600 crhindicate
the presence of C=0 group. As observed in bothstgfeadsorbent, there was different wavelength rarmblefore
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and after Pb(ll) ion uptake. This indicate thatdoigption prosess occur between bBiper crocatumand Piper
betlewith Pb(ll) ion.
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Fig. 6 Freundilich isotherm Piper betle (A); Piper crocatum (B)
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Fig. 7 FTIR of Piper crocatum leaves, (A) before Pb(ll) uptake; (B) after Pb(Il)uptake
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Fig. 8 FTIR of Piper betle leaves, (A) before Pb(Il) uptake; (B) after Pb(ll)uptake
SEM Analysis

The SEM analysis was conducted to observe thecairfaorphology of the biosorbents before and aftetatrion

uptake. These SEM'’s images observed at 1000x nieaiifn. As seen at Fig.the both biosorbent have porous on

their surface that can be filled by metal ions. Alnen after metal ions uptake into the surfaceoth biosorbent the
porous was covered by metal ions. These imageslexi¢hat the surface of biosorbent dramaticalgncfed after

interaction with metal ions.

261



Edison Munaf et al J. Chem. Pharm. Res,, 2015, 7(9):254-263

JTM-FTUA 15.0kV 4.6mm x1.00k BSECOMP 3/10/2015

s~ , L -“
b ¢ ~b g 5] Rl ""‘a)
N & h . e V(ﬂ b .,A
- - , ki o L 4
JTM-FTUA 10.0kV 4.6mm x1.00k BSECOMP 3/10/2015 50.0um JTM-FTUA 10.0kV 4.3mm x1.00k BSECOMP 3/10/2015
C
Fig. 9 SEM ofPiper crocatum leaves (A) before utake; (B) after uptakePiper betle leave (C) before uptake; (D) after uptake

CONCLUSION

Based on the research resuRgper crocatumleaves andPiper betleleaves can be used as biosorbent for Pb(ll)
uptake with optimum conditions have similarity. Thptimum adsorption capacity was achieved at plhitial
concentration 1,800 mg/L and adsorbent dosage (fdr ghe both biosorbent. Whereas contact time eacd
optimum value at 120 minutes and 15 minutesPfiper crocatumeaves andPiper betleleaves, respectively. Based
on the various parameters daRiper betleleaves is the better biosorbent for Pb(ll) adsomptvith removal
percentage 92.65 %.

Langmuir isotherm model is well-described for ehiatie Pb(ll) ion from aqueous solution Biper crocatunieaves
andPiper betleleaves. Whereas SEM analysis shown the both liesbhave capability to remove metal ion due to
it pores.
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