Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2015, 7(9S):28-38

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Biosor ption of zinc (1) ions from aqueous solution by Androgaphis paniculata
leaves powder on batch method

Deli?, Zulkarnain Chaidir®, Almahdy®, Rahmiana Zein®and Edison Munaf®

“Departement of Clinical Pathology, Faculty of Medicine, The University of Prima Indonesia, Medan, Indonesia
®Department of Chemistry, Faculty of Mathematics and Natural Sciences, Andalas University, Padang, Indonesia
“Faculty of Pharmacy, Andalas University, Padang, Indonesia
d_aboratory of Environmental Chemistry, Department of Chemistry, Faculty of Mathematics and Natural Sciences,
Andalas University, Padang, Indonesia

ABSTRACT

The research about biosorption of Zn(11) by Androgaphis Paniculata leaves has been investigated through batch
experiment. Based on the experiment, optimum condition for adsorption Zn (I1) ion was pH 6, biosorbent dosage at
0.25 g, initial concentration of metal ion solution 2400 mg/L and contact time 15 minutes. The biosorption data
were fitted to Freundlich isotherm with R? 0.9560. The maximum biosorption capacities were estimated from
Freundlich isotherm model to be 86.96 mg/g. Characterization of Androgaphis paniculata was is evaluated using
Fourier Transform Infra Red (FT-IR) spectroscopy and active functional group estimated were O-H group, C-H
aliphatic, C=0, and C-C aliphatic. The measurement of metal ion concentration conducted by Atomic Absorption
Spectroscopy (AAS) and surface analysis before and after adsorption conducted using Scanning Electron
Microscopy (SEM). This study showed that Androgaphis Paniculata leaves powder could be used as an efficient
adsorbent to remove Zn (1) metal ions.
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INTRODUCTION

Presently, the development of chemical industriesnteet human needs is very progressing, espedially
electroplating industry. Modern human lives canbetseparated from electro planting consumer predsieth as
household products, automotive products, etc. Toerethese products are being used widely in daigs. Electro
planting activity not only produces useful produbtg also waste products that affect human livéguid waste
containing heavy metal will be causing danger ®ehvironment. The heavy metal will accumulate peist, so
that it affects human health [1]. One of the hemstals that caused danger to the ecosystems amoranental
health is Zn (1) ion. Zn (1) ion in human bodynst biodegradable, so it can accumulate in hunngars [2].

Mythill, et al study, in “Analysis Heavy Metal Caarit in Androgaphis Paniculta” (2011) Journal useAndrogaphis
Paniculata as a biomass. The biomass then mixed into 1000 ingdvy metals (Fe, Cr, Cu, Cd) and measured by
Atomic Adsorption Spectrophotometry (AAS) which srea significant contents of heavy metal Fe andrCthie
Androgaphis Paniculata leaves. Therefore, author will study the usageAnflrogaphis Paniculata leaves to
overcome Zn (ll) ion toxicity and DNA damage in nse|3].
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The objectives of this study are characterizatibAralrogaphis Paniculata leaves as a biomaterial to absorb Zn (1)
ion, studying lethal dose of Zn (ll) ion injectenl trial mouse and the damage of trial mouse kidirgan by the
DNA damaged caused. The characterization includdsirfluence, Zn (Il) ion concentrationindrogaphis
Paniculata leaves powder weight, the contact time betwenlrogaphis Panicul ata leaves powder and Zn (Il) ion.

EXPERIMENTAL SECTION

Equipments

Volumetric flask, measuring pipette, erlenmeyeraiivPYREX), plastic vial bottle, plastic funnel,dcafilter paper.
Electronic equipments: analytics weighter (Kern &8 GmbH), Rotary Shaker (Edmund Buhler 7400 tydai),

pH meter (LovibondSenso Direct), Atomic Adsorpti@pectroscopy (Varian Spektro AA 240 Spectrometer),
Fourier Transform Infra Red (Thermo Scientific NetolS10 using KBr pellets), Scanning Electron M&rope
(Hitachi Model S-3400N).

Materials

Androgaphis Paniculata, (CH;COO)Cd.2H0O crystal (Merck), NaOH crystal (Merck), HNOp.a (Merck),
CH;COONa crystal (Merck), C¥COOH (Merck), NHOH (Merck), NH,Clcystal (Merck), HPOyp.a (Merck),
KH,POycrystal (Merck), kKHPOycrystal (Merck) and Aquadest.

M ethod
The method used in this study is Batch system.

Early treatment of sample
Androgaphis Paniculata leaves sample collected in Medan, then washed iterwand dried in Environment
Analytic Chemical Laboratory, Andalas Universityagdang. The dried sample then was mashed by blender.

Biosorbent Activation

20 g of mashedndrogaphis Paniculata sample then collected in beaker glass, and wasdaolgl®0 mL of HNQ
0.01 M for 2 hours. After that, washed with aquadesil neutral pH reached, filtered, and then di$e the sample
is ready for used in the determination of metaladsorption optimum condition.

Preparing Zn 100 mg/L Solution
ZnSQ, 1000 mg/L solution was obtained by dissolving 889 of ZnSO4.7kD until it reached 1 liter solution
with aquadest as the solvent.

Deter mining Optimum Conditions for Adsor ption

Effect of pH solution towards metal ion adsor ption

10 mL of Zn 30 mg/L solution with pH vary from 3, 8, 6, 7, dan 8 were put into 25 mL erlenmeyeernd.25 g
biosorbentAndrogaphis Paniculata leaves powder added, closed with aluminium voil ahdked for 15 minutes at
100 rpm. Solution filtered with filter paper andetimetal ion concentration of the filtratedetermirtad AAS.
Calculate the adsorption capacity (Q) for each pHi determine the optimum pH measurement.

Effect of Zn (1) metal concentration towards metal ion adsor ption

Each 10 mL of Zn solution with different concenimat of 30, 60, 90 and 120 mg/L were put into 25 mL
Erlenmeyer. Then 0.25 g biosorbeémdrogaphis Paniculata leaves powder added, closed with aluminium voil and
shaked for 15 minutes at 100 rpm.. Solution fildeesnd the metal ion concentration of the filtraggedmined by
AAS. Calculate the adsorption capacity (Q) for eZah(ll) metal concentration and determine theroptn Zn (ll)
metal concentration measurement.

Effect of biosorbent masstowards metal ion adsor ption

10 mL of Zn (I1) solution with the optimum conceation and pH were put into 4 pieces of Erlenmetfesn added

by biosorbentAndrogaphis Paniculata leaves powder weighting 0.1; 0.25; 0.5 and 1.0hgked for 15 minutes at
100 rpm. Solution was filtered and the biosorptiesult of the filtrate measured with AAS. Calcultdte adsorption

capacity (Q) for each biosorbent mass and deterthmeptimum biosorbent mass measurement.
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Effect of contact time towards metal ion adsor ption

10 mL of Zn (I1) solution with the optimum conceation and pH were put into 4 pieces of Erlenmetfesn added
by biosorbentAndrogaphis Paniculata leaves powder weighting the optimum mass and shéket5, 45, 90 dan
120 minutes at 100 rpm. Solution was filtered amel tnetal ion concentration of the filtrate measusétth AAS.
Calculate the adsorption capacity (Q) for eachacirtime and determine the optimum contact timesmesment.

Adsorption Isotherm Analysis
Data from the study were determined whether Langisotherm or Freundlich Isotherm.

FTIR Analysis

Biosorbent FTIR analysis was done before and afietal ion adsorption. 0.1 g éhdrogaphis Paniculata leaves
powder was mashed with KBr, shaped into thin dispallets. Sample was analyzed with FTIR to deteerthe
functional group ofAndrogaphis Paniculata leaves powder.

SEM Analysis
Androgaphis Paniculata leaves powder was analyzed by SEM before and rafé¢al ion adsorption to determine the
biosorbent surface morphology.

RESULTSAND DISCUSSION

Effect of pH solution

pH is an important parameter in the adsorption gge®f Zn(ll) ions by biomaterials. The effect &f polution was
studied in range of 3 to 8. Fig.1 shows that at3piHe adsorption capacity 8hdrogaphis Paniculata is low due to
the presence of H30+ ions in solution. At highergaitution the competition for metal ion in activeesvith H30+
decreases, so the adsorption capacity increasead4brption capacity of Zn(ll) lons increased &t p to pH 6.
The optimum adsorption capacity of Zn(ll) ions acatipH 6 forAndrogaphis Paniculata leaves. At pH 6 to 7 the
adsorption capacity of Zn(ll) ions were reduced.

Effect of Initial M etal Concentration

The initial concentration of metal ions was studiedletermine the ability of the active site of dmdbent to bind
metal ions [5]. The amount of metal ions adsorbgdudr ogaphis Paniculata leaves increased with the increasing
of metal concentrations. However, capacity is reduahen high concentrations is reached due to dhieeasite
that already bonded by metal ions, this causingsdteration and there are no more active site o$dsbent
remains to bind other metal ions. In this case @failibrium between the metal ions adsorbed by drtosnt
achieved. Fig.zhows that the optimum adsorption capacity of Zrnfihs were found when the concentration is
2400 mg/L withAndrogaphis Paniculata leaves.

Effect of biosor bent masstowards metal ion adsor ption

Fig. 3 shows the optimum biosorbent mass for bio mateved found to be 0.1 g. The amount of adsorbent used
represents the potential of biosorbent in removimgs on the initial concentration given [6]. The tateion
adsorption capacity is inversely proportional te thass of biosorbent used. Increased of biosorbass resulted
the decline in metal ion adsorption capacity. Acsfie area can be defined as a part of total anealable for
biosorption [7].

Effect of Contact Time

Fig. 4 shows that the contact time for the adsorption gsscof Zn(ll) ions reach the optimum value in 15
minutes contact time witlndrogaphis Paniculata Leaves. It decreases after 25 minutes, then ieasgs again
until 120 minutes. This decreasing is caused Zndhs which has been bound to the active site toime loose
back and caused the adsorption capacity to beaksze

Adsor ption isother ms

Equilibrium relationship between adsorbent and Huste can be explained by adsorption isotherms [8].
Determination of equilibrium parameters providegpdmant information that allows advance adsorpti@sign

of the system [9]. Biosorption isotherms are chiméwed by certain parameters, which explain theeineaof the
surface and biosorbent affinity. It is also usedctanpare the biosorptive capacity and biosorbentdffferent
pollutants [10]. Data trial uptake of Zn(ll) ionsrfbiomaterial was analyzed by Langmuir and Freichdsotherm
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models. Langmuir isotherm models assume a surfaitk homogeneous binding sites, equivalent energy
adsorption, and no interaction between speciesrbddd11]. Freundlich isotherm models assume treoradion
occur on heterogeneous surfaces with interactidwdsn molecules adsorbed, the application of Fréxind
equation also indicates that the energy adsorptammeases exponentially at the completion of ttsemudion center

of adsorbent [12]. Fig.5 shows that R2 value foflBrions is 0.9560 withAndrogaphis Paniculata Leaves and
follows Freundlich adsorption models, while Fig.6ows that the isotherm models of Zn(ll) ions gabe t
determination coefficient value (R2) of 0.9398 tfadiows Langmuir adsorption models.
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Figure 1. Effect of pH towardsZn (1) metal biosor ption process by using Andrographis Paniculata leaves powder. The optimum pH for
30 mg/L Zn (11) metal biosor ption process by using Andrographis Paniculata leaves powder was at 6
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Analysisof functional groupsby FTIR
FTIR analysis ofAndrogaphis Paniculata leaves was shown in Fig.7. The analysis showedremsval mechanism

in adsorbent surface, because it provides infoomagibout the functional groups present in the sirecof the
adsorbent [6]. A wavelength of 3404.97 cm-1, shthespresence of hydroxyl (-OH) stretching groupssea by
inter-molecular hydrogen bonding compounds suclphanols, alcohols and carboxylic acids. A wavelengt
1647.96 cm-1 is a spectrum of C=0 groups in amidea wavelength of 1323.86 cm-1 peak of the clu§ted
amine and C-O stretching of alcohol groups werendourhe wavelength of 1053.70 cm-1 indicates the Bend
stretching. Wave length of 3404.97 cm-1 becomes33®cm-1. This FTIR spectra can provide infornratibat

hydroxyl was involved during the adsorption procesgn(ll) ions.
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Figure 2. Effect of concentration towardsZn (11) metal biosor ption process by using Andrographis Paniculata leaves powder. The
optimum Zn (I1) metal concentration on biosor ption process by using Andr ographis Paniculata leaves powder was 2400 mg/L

Analysisof SEM
Characterization using SEM was done to see the matwgy structure of adsorbent material. Characiion is

done at a magnification of 1000x. FigsBows irregular structure @&hdrogaphis Paniculata leaves before Zn(ll)
adsorption and the presence of empty pores. Thess will facilitate the adsorption place of mdtats. Fig. 9
shows that the empty pores has been filled withahiehs after the process Zn(ll) adsorption.
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Figure 3. Effect of biosorbent masstowardsZn (I1) metal biosor ption process by using Andrographis Paniculata leaves powder. The
optimum biosor bent mass on biosorption processof Zn (I1) metal by using Andrographis Paniculata leaves powder was 0.25 g.
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Figure 4. Effect of Zn (11) metal biosorption process contact time by using Andrographis Paniculata leaves powder. The optimum
contact time on biosor ption processof Zn (I1) metal by using Andrographis Paniculata leaves powder was 15 minutes
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Figure5. Freundlich I sotherm, Plot C.vs C/Q.0btained regression equation of: y =17.16 + 0.0166 x
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Figure 6. Langmuir Isotherm. Plot CovsC4/Q. obtained regression equation of: y = 17,16 + 0,0166x

% Transmittance

21
%1
21

T T e S L L S
4000 3600 3000 2500 2000 1600 1000 500

Wavenumbers (cr-1)

Figure 7. FTIR Spectrum of Andrographis Paniculata leaves powder
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Figure 8. Scanning Electron Microscope (SEM) of Andrographis Paniculata leaves powder before Zn(l1) ion adsor ption Magnification
1.000 times

Figure9. Scanning Electron Microscope (SEM) of Andrographis Paniculata leaves powder after Zn(l1) ion adsor ption M agnification
1.000 times

CONCLUSION

Based on this research, it can be concluded tleahénbalAndrogaphis Paniculata leaves can be used in Zn(ll)
adsorption. It is hoped that this herbal has anizteadsorption towards Zn(Il) ions on animal arga
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