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ABSTRACT

Absorption of Pb(Il) and Cu(ll) ions by Nypa fruticans husk biomass using Batch method has been studied. It was
found for the absorption of both metal ions, where is the optimum pH and contact time respectively as 4 and 5
minutes for Pb(ll) ions and as 5 and 30 minutes for Cu(ll) ions. Stirring speed to a both metal ions biosorption
processis fixed at 150 rpm. The optimum absor ption capacity for Pb(I1) and Cu(ll) ions were obtained respectively
as 20.825 mg/g and 7.572 mg/g. In fact the adsorption capacity decreases with increasing biosorbent mass. The
equilibrium adsorption isotherm models of Langmuir and Freundlich were executed based on the experimental
datas. The equilibrium adsorption isotherm model of Langmuir give a better result than the Freundlich due to its
high correlation in R? coefficient. Nypa fruticans husk biomass was characterized by SEM and FTIR methods.
Where is the FTIR spectra analysis explains that the carboxyl and hydroxyl amine groups play an important rolein
the absor ption of the metal ions. Biosorption in binary solution does not affect the absorption capacity of the target
ion (optimum conditions used in the binary solution) by Nypa fruticans husk.
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INTRODUCTION

Aquatic environmental contamination by heavy meislsecoming dilemma due to the ecotoxicologict#af and
bioaccumulation in flora and fauna that cause gitlechronic health hazards to human beings anérmsdvimpacts
to the ecosystem. Hazardous heavy metals such asumelead, zinc, cadmium, copper, chromium, nickec,
make their way into water bodies via wastewatemfri@ather industries, pulp and peppermills, metatiny
industries, refineries, steel work foundries, piginmanufacturing, textile and photographic and cetsra industry

[1].

Lead is also considered among the most toxic hesetals due to its bioaccumulation potential, intidioi of plant
and microbial growth by influencing the pH of thebstrate and inactivating the cell enzymes. Leadimeclates
mainly in bones, brain, kidney and muscles and oayse many serious disorders like anemia, kidnegadie,
nervous disorders and sickness even death [2].eAdupper is a widely use material, there are mantyaa or
potential sources of copper pollution. Copper seesial to life and health but, like all heavy nigtas potentially
toxic as well. For example, continued inhalatiorcopper-containing spray is linked with an increimskeing cancer
among exposed workers [3].
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Conventional methods for metal removal include dleaimprecipitation, lime coagulation, ion exchangeverse
osmosis and solvent extraction. These conventiorehods for metal removal of heavy metals from ewsters,
however, are often cost prohibitive having inadeeuefficiencies at low metal concentrations, pattidy in the
range of 1-100 mg/L. The search for new technokgigolving the removal of toxic metals from waséders has
directed attention to biosorption, based on metadibg capacities of various biological materid$osorption can
be defined as the ability of biological materiadsaccumulate heavy metals from wastewater througfalolically
mediated or physic-chemical pathways of uptake. Magr advantages of biosorption over conventidregtment
methods include low cost, high efficiency of metinoval from dilute solution, minimization of chezal and/or
biological sludge, no additional nutrient requiremeregeneration of biosorbent and the possibitifymetal
recovery [4].

Agricultural by-products usually are composed ghin and cellulose as major constituents and msy @iclude
other polar functional groups of lignin, which indies alcohols, aldehydes, ketones, carboxylic, @leand ether
groups. These groups have the ability to some ekbdrind heavy metals by donation of an electraim from these
groups to form complexes with the metal ions irusoh [5].

Nypa fruticans husk is one of the abundant lignocelluloses wasdterials, in terms of chemical composition, the
straw predominantly contains cellulose (36.5 %)nieelluloses (21.8 %) and lignin (28.8 %) [6]. Thgnin is
promptly available to interact with cations, bysfly exchanging with protons and subsequently bslating with
the metallic ion [7].

The removal of heavy metal ions using low-cost alamtly available adsorbents: agricultural wasteshsas
Garcinia mangostana L. shell [8], Maize stover [9fnnona muricata L. seeds [10]Nypa fruticans Merr shell [11],
Rice straw{5]. Nypa husk has several characteristics to pteglioup of functional groups on their surface that
makes nypa has the potential to sequester metal hawing been no previous reports using nypa shasts
biosorbent [11,12].

Based on the above description, in this reseansttysabout the use of nypa fiber in the absorptibhead and
Copper ions. Therefore do approach involving thiiémce of variations in the metal ion solution gidntact time,
stirring speed, biosorbent weight and concentradfometal ions.

EXPERIMENTAL SECTION

Biomass Preparation

Waste Nipah palmNypa fruticans) is taken in Tarusan, Painan, West Sumatera, kslar(Figurela). Husk palm
(Nypa fruticans) that will be examined from an pllm fruit, nipah husk is cleaned from skin andlshthen dried
under the sunlight (Figuréb). Once dried palm fiber polished by tools Crushied sieved with a size of 180 pum.
Husk palm with the size soaked in a solution oftOMd HNO3 for 2 hours while stirring occasionallyestlts
marinade filtered and then washed with distillederand dried aired and can be used to determmeptimum
conditions for absorption of Pb(Il) and Cu(ll) B(Figurelc).

Chemicals and apparatus

Pb(NO3)2 and Cu(NO3)2 working standard solution m&pared from 1000 mg/L These solutions were @aset
from Merck (Germany). Working standard solutionsevprepared just before used by the appropriateiali of
the stock solutions. HNO3 65 %, NaOH p.a and Dasiton water. The apparatus used were sieverl8feum , an
analytical balance (Kern&Sohn GmbH), a sheker (EdenBuhler 7400 Tubingen), a pH meter (Lovibond 8ens
Direct), Grinder (Christy Hunt), FTIR (Unican Masih Mod 7000 using KBr pellets), and atomic absonpt
spectrometer (AAS : Varian Spektra AA 240 SpectrimeScanning Electron Microscope (SEM SU 3500).

Batch biosorption studies

The dry powder was treated with 25 mL Pb(Il) or IQu20 mg/L, stirred for 1.5 h with 100 rpm and the/as
filtered. The filtrate (brown, has no smell and pbout 6) was treated with AAS (VARIAN SPECTRA A240)
determine the total amount of Pb(ll) or Cu(ll) l&itthe solution at 217 and 324.8 nm, respectiv€here were
several parameters to be treated to get the optasdrption of heavy metal ions with biomass. Thant of
adsorbed metal ions per gram of the biomass (htisor capacity, Q) was obtained using the followatguation

(2):
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where Co and Ce were initial and equilibrium métals concentration in solutions (mg/L), respectivél was
volume of the solution (L); m was the amount ofrbass (g).

RESULTSAND DISCUSSION

Fourier transform infrared analysis

This analysis aimed to investigate the changekervibration frequency of functional groups conéairin theNypa
fruticans husk powder. The functional group acts as a biopdite of metal ions to be absorbed, the spectnga a
4000-400 cnt. In Figure2. Can be explained that the presence of a strétamimo (-NH) and hydroxyl (-OH) on
the wave number 3412.72 enfFigure2b), after absorption by the Pb(ll) ion of the lp&ashifted to 3422.55 cfn
and Cu(ll) at 3421.19 cm In the wave number 2918.86 ¢iis a CH vibration (Figur&b), then the strain shifted to
2921.42 cnt (Figure2d). Strain CO contained in the wave number 1034m3 then the strain shifts the wave
number 1035.67 cthafter the absorption of Pb(ll), whereas after apon spectra of Cu(ll) strain of the stood at
1054.05 crit. Of Nypa fruticans husk powder FTIR spectra showed that the carbgsglip, hydroxyl and amine
dominant involved in the uptake of Pb(ll) and Qui@ns.

Table 1. Comparison of ion absor ption capacity of Pb (I1) and Cu (I) by various biomaterials

Sorption capacities (mg/g|

Sorbents ) cu(ll Reference
Cladonia rangiformis 26.204 - [2]
Rice straw - 74.7 [5]
Nypa frutican W shoot 15.59 21.85 [12]
Phanerochaete chrysosporium 87 - [14]
Eriobotrya japonica leaves 34.6 33.33 [19]
Nypa frutican husk 20.83 7.57 This study

.,0

Figure 1. (a) Nypa fruticans.; (b) Nypa fruticans husk; (c) dry powder of Nypa fruticans husk

Scanning Electron Microscope

Scanning Electron Microscope used to $¢ga fruticans husk powder surface topography before and after
absorption. Figureda is a picture ofNypa fruticans husk powder surface before activation, the piciaraot so
visible poresNypa fruticans husk powder and once activated (Fig8t®, the pores of thélypa fruticans husk
powder in sight and punch. Figuse and3d areNypa fruticans husk powder surface image which has absorbed the
Pb(ll) and Cu(ll) ions. Figure 3c look around thare surface covered witkypa fruticans fiber for Pb(ll) ions,
while Figure3d, not all the pores of the surface of Mga fruticans husk powder filled by Cu(ll) ions.

Effect of pH

Effect of pH is an important parameter in the apgon of the metal ions. Here pH varied metal i@n8, in Figure
4 can be seen more clearly the effect of pH on bs®ption capacity of the metal ion. From the pietabove it can
be seen that the absorption capacity of the PigH¥ with increasing pH from pH 2 to pH 5, increasithe
absorption capacity of the metal ions occurs mgiicant, and at pH 6 to pH 7 absorption capadigreased, but
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the decrease was also not significant. Based omrdloelation of the pH optimum absorption capaéity Pb(ll)
ions is at pH 4, whereas for Cu(ll) ions is at agtb. The absorption of Pb(ll) ions is at pH 3athile the Cu(ll)
metal ions is at pH 3-6. With increasing pH, théivacside biosorbent be able to bind negativelyrgbd and
positive metal ions in solution. Metal ions absmptdecreases when the pH is reduced because gietiion
between protons and metal ions to the active sideeosame on the biosorbent [13]. At high pH, rhias will
precipitate because of highest concentrationkfiGns in solution [2].
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Figure 2. FT-IR of Nypa fruticans husk before (a) and after (b) activation, (c) after Pb(l1) ionsuptake and (d) after Cu(ll) ionsuptake

Effect of Contact Time

Figure5 shows the effect of contact time with the metalsidiosorbemypa fruticans fruit husk powder. Contact
time studied with variation of 5-75 minutes to demv long it takes to achieve optimum absorptioronfrthe
picture above it can be seen that the absorptipadity of the metal ions increased slightly at ¢batact time of 5
to 30 minutes, and the absorption capacity decdealghtly at the contact time 45-75 minutes. Thtimmum

178



Refilda et al J. Chem. Pharm. Res., 2015, 7(8):175-185

contact time uptake of Pb(ll) ions is at 5 minutéth the absorption capacity of 1.9918 mg/L, althlouhe contact
time of 15 minutes gives the absorption capacit$.8824 mg / L but did not show a significant diffiace. While
the uptake of Cu(ll) ions is at 30 minutes with @ipsive capacity is smaller than the ion absorptiapacity of
Pb(ll) is equal to 1.9753 mg / L. This is becaus=PRb(ll) ion has a radius larger than the Cug¢h)s, which is 1.20
A and 0.69 A, so that the Pb(ll) ions more quickipds to the biosorbent active sites. Contact tiggired to
reach equilibrium is very short, these results ¢gatk that the adsorption mechanism is more domiclaginical
interactions. Similar results were also obtainedttmy absorption of Pb(ll) and Cu(ll) ions usiNgpa fruticans

shoots [12].

3.00kY 5.3mm

Figure 3. SEM of Nypa fruticans befor e activation with a magnification of 3700X (a), after activation, 4500X (b), after the absor ption of
Pb(I1), 3700X (c) and after absorption of Cu(ll), 3700X (d)

Effect of Agitation

Metal ion absorption by varying the stirring speg®0-250 rpm. Figuré shows the effect of stirring speed on the
absorption capacity. Based on the picture aboventét@l ion absorption capacity rose only slightighwncreasing
rotational speed of 30-150 rpm, and the metal adrsorption capacity decreased slightly from thatrohal speed
of 200-250 rpm. Stirring speed was not a signifidafluence on the absorption capacity. In this kvased the
stirring speed of 150 rpm. According to Nazarudetiral., 2014 maximum mixing speed witlypa fruticans Merr
shells were sampled at 150 rpm, because all ohttige site on the surface biosorbent adequatds$orh metal
ions. Biosorbent layer thickness decreases witreasing stirring speed which results in a reductiothe surface
membrane resistance. Therefore, the metal ionglaeld@n the biosorbent surface easily. At the trneigh-speed
stirring, the mixture of metal ions with unhomogeus biosorbent thus lowering biosorption. Similesults were
also obtained with Phanerochaete chrysosporiunobiest in absorption of Pb (II) ions with a rotetal speed of
150 rpm [14].

Effect of biosor bent dosage.
Total biosorbent mass is greatly affect the absmmptapacity of the metal ion, because the gredwemumber
biosorbent used the more active sites containing, ias the interaction of the metal ion absorpt@wocess. In
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Figure7 it can be seen that the decrease in the absorpdipacity of the metal ions with an increasing bibent
dosage. Absorption capacity decreased from 4.923/§ to 0.3978 mg/g for Pb(Il) and Cu(ll) ions 07405 mg/g
to 0.3956 mg/g. The increasing of the number obdibent cause an agglomeration of cells and comtisin
reduction the distance between the intracelluldlrproduce a screen effect between layers of dblid leads to
protection against active sites. An decreasinghédbsorption capacity of the metal ions are adgmnted in the
study of absorption using Marine Algae [15] arakte paper [16].
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Figure 4. Effect of pH on Pb(Il) and Cu(l1) biosor ption by Nypa fruticans husk ; 25 mL metal solution; initial concentration=20mg/L:
mass biosorben =0.25 g; contact time =90 min; stirring speed = 100 rpm
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Figure5. Effect of contact time on Pb(I1) and Cu(l1) biosor ption by Nypa fruticans husk ; pH of Pb(I1) =4 and Cu(l1) =5; 25 mL metal
solution; initial concentration = 20 mg/L: mass biosorbent =0.25 g; contact time = 90 min; stirring speed = 100 rpm

Effect of initial metal ion concentration

The concentration of Pb(ll) and Cu(ll) ions grgatiffects the absorption capacity. FiguBeshows that the
absorption capacity of the Pb(ll) ions continuediricrease in the concentration of 30 mg/L to 10§/Lmthe

optimum concentration of metal ions is at 100 mgith the absorption capacity of 20.8250 mg/g, witile Cu(ll)

ions concentration absorption capacity of 60 md/lZ.619 mg/g. The amount of adsorbed metal wiltéase with
increasing the initial concentration of metal iotlés was due to an increase in the electrostatéractions of metal
ions with low affinity. Decrease the amount of nhétms adsorbed with increasing concentration adivacgroups
describe saturation contained in biosorbent, thiseicause the amount of metal ions while the mctigeagroups
available fixed [15]. At low concentrations, allethmetal ions in solution can interact with the \aetgroup

biosorbent thus obtained higher adsorption pergenté/hile high concentrations of low adsorptioruttss this is

due to the saturation of the active sites existintie biosorbent surface because the more the ewafbmetal ions
[17].
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Figure 6. Effect of stirring speed on Pb(I1) and Cu(l1) biosor ption by Nypa fruticans husk ; pH of Pb(l1) =4 and Cu(l1) = 5; contact time
of Pb(I1) =5 min and Cu(l1) = 30 min: 25 mL metal solution; initial concentration = 20 mg/L: massbiosorben =0.25¢g
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Figure 7. Effect of biomass dosage on Pb(l1) and Cu(ll) biosor ption by Nypa fruticans husk; pH of Pb(l1) =4 and Cu(l1) =5; contact
time of Pb(l1) =5min and Cu(l1) =30 min: stirring speed = 150 rpm for Pb(I1) and Cu(l1); 25 mL metal solution; initial concentration =
20mg/L

Biosor ption in mixed-metals system

Metal ion absorption by the biomaterial is influeddyy the amount and type of metal ions contaithénsolution.
In Figure9 shows the visible effect of the addition of Cu(bbhs with various concentration of 0-20 mg/L ireth
uptake of Pb(ll) ions with a fixed concentration2f mg/L. The optimum absorption capacity of Pb(ibns in a
solution of a single ion is 4.9215 mg/g (Fig@®e While the solution absorption capacity bicompanas 4.9513;
4.9169 and 4.7939 mg/g in the concentration of ICighs of 10, 15 and 20 mg/L. While the absorpto@pacity of
Cu(ll) ions of the concentration of 0-20 mg/L isvays an increase in the concentration of Pb(lihsicemains.
Based on these results indicate the existencerapettion between Pb(Il) and Cu(ll) ions at thmdiof mixing
and even though there are ions of Cu(ll) as a bubyal ions does not affect the absorption of IPLifins byNypa
fruticans husk powder.

The same treatment was also performed for the Lwfierein the metal ion concentration of Cu(ll) sSaemains,
the concentration of Pb(ll) ions varied betweeB00mg/L. From FigurelO it can be seen that the absorption
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capacity of the Cu(ll) metal ion almost constanile/the Pb(ll) ions continues to increase. Thigstrates that the
lack of effect of mixing Pb(ll) ions on the absaagpt capacity of Cu(ll) ions.
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Figure 8. Effect of initial metal ions concentration on Pb(I1) and Cu(l ) biosor ption by Nypa fruticans husk; pH of Pb(l1) =4 and Cu(ll) =
5; contact time of Pb(I1) =5 min and Cu(ll) =30 min: stirring speed = 150 rpm for Pb(11) and Cu(ll); massbiosorben 0.1 g; 25 mL metal
solution
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Figure 9. Adsorption isotherms of Pb(l1) in the presence of Cu(l1) by Nypa frutican husk powder; 25 mL of Binary metal solution; pH =
4, contact time =5 minutes; stirring speed = 150 rpm; theinitial concentration of metal ions: Pb(I1) =20 mg/L; Cu(ll) =0, 5,10,15,20
mg/L

A certain amount of biomaterials will produce aitiex active side, and then the active side willezignce burnout
as a result of competition of metal ions, espegiallhigh concentrations. In addition, the abibfythese two metal
ions to compete to fill the active side of the baierial [14].

Adsor ption isotherms

Adsorption isotherms describe how the adsorbed cutis distributed between solid phase and liquasptduring
the adsorption process reached an equilibrium.eterchining the adsorption isotherm can be usedrakreodels
including the Langmuir isotherm and Freundlich eotn. Langmuir isotherm assumes the monolayer ptisor
and adsorption energy constant, which is relatethéoabsorption isotherms homogeneous. While tlearelich
isotherm is associated with heterogeneous absarfi]o
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Langmuir isotherm can be described by the egn (2):
_ C.B.Qn

Figurellis a plot Langmuir curve linearity between Ce (hig with Ce / Qe (g / L).

Freundlich isotherm following equation (3):

1
InQ, = InkKy +Z.lnCe

6

Q(ng/g)

oIIII|IIII|IIII|IIII|III

5 10 15 20 25
Co (mg/L)

Figure 10. Adsor ption isotherms of Cu(ll) in the presence of Pb(l1) by Nypa frutican husk powder; 25 mL of Binary metal sﬁlution; pH =
5; contact time = 30 minutes; stirring speed = 150 rpm; the initial concentration of metal ions: Cu(ll) =20 mg/L; Pb(l1) =0, 5,10,15,20
mg/L
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Figure 11. Langmuir isotherm for ion absor ption of Pb (11) and Cu (11) by Nypa frutican husk powder
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Figure 12. Freundlich isotherm linearity curve is the raaship between In Qe with In Ce .. Where KF is the
Freundlich isotherm constants of.

Evaluation of correlation values of the isothernthat same temperature where is the value of QmakF3n and
R2 can be seen in Table Of the R2 value indicates that the Langmuir isath is better than the Freundlich
isotherm in the uptake of Pb(ll) and Cu(ll) ionghapalm fruit husk powder biosorbent, becausedtisie is close
to 1. [18] studied the uptake of Pb(ll) and Cuidizs with Sophora japonica biosorben pods powdendathat the
adsorption isotherms of Langmuir better than theuRdlich isotherm.

Comparison of ion absorption capacity of Pb(Il) @wlll) with other biomaterials can be seen in EablIn the
table shows that the absorption capacity of thdlPhAd Cu(ll) ions is almost close to the valuetbé same
capacity despite different biomaterials, meblypa fruticans husk powder can be used as biomaterials altegsativ
to harmful metal ion absorption

Compared with other biomaterial as shown in Tdbltéte sorption capacities for Pb(Il) and Cu(ll) sofseem to be
fairly the same). Its mean that the present bicauricould be a biomaterial alternative for the gorpof toxic
metals.

5
41—
3r Cu (IN)
2~ Y = 1.5152 + 0.0898 X
[) o _
R = 0.5206
(04 1L
£ |
0 B Pb (I1)
1 Y = 2.1539 + 0,2529 X
Ll R =0.814
a1 . ® IR A IR N
3 2 1 0 1 2 3 4 5 6

In Ce

Figure 12. Freundlich isotherm for ion absorption of Pb (11) and Cu (11) by Nypa frutican husk powder
CONCLUSION

This present work is concerning the biosorptionlezd(Il) and copper(ll) in aqueous solution by gshypa
fruticans biomass as biosorbent. The parameters studidetiatisorption of the metal ions include pH, contiane,
stirring speed, biosorbent weight and concentradfometal ions.

Nypa fruticans husk can be used as an alternative biomaterthleirabsorption of the metal ions. Absorption ofhbot
metal ions tends to follow the Langmuir isothermthaptimum absorption capacity for Pb(ll) and Cufbns
respectively of 20.8250 mg/g and 7.5719 mglypa fruticans husk powder can be made as biomaterials
alternatives to absorb the toxic metal ions.
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