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ABSTRACT

The research about biosorption of Cu(ll) by Nothopanax scutellarium leaves has been investigated through batch
experiment. Based on the experiment optimum condition for adsorption Cu (I1) ion was pH 7, biosorbent dosage at
0,1 g, initial concentration of metal ion solution 1200 mg/L and contact time 15 minutes. The biosor ption data were
fitted to Freundlich isotherm with R 0.9848. Characterization of Nothopanax scutellarium was evaluated using
Fourier Transform Infra Red (FT-IR) spectroscopy and active functional group estimated were O-H group, C-H
group, N-H group and C-N group. The measurement of metal ion concentration conducted by Atomic Absorption
Soectroscopy (AAS) and surface analysis before and after adsorption conducted using Scanning Electron
Microscopy (SEM). This study showed that Nothopanax scutellarium leaves powder could be used as an efficient
adsorbent to remove Cu (1) metal ions.
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INTRODUCTION

Copper toxicity may occur from eating food and Hitig water, or breathing air enriched with an escespper.
Acute toxicity of copper may cause anemia, intrautes hemolytic, acute liver failure, and acutealeailure with
tubular damage, shock, coma and death and mildittmmsl may result in vomiting, nausea and diarrfiga
Presence of high copper compound in the body effsat on aging, schizophrenia, mental ilinessjdnahildhood
cirrhosis, Wilson’s and Alzheimer’'s diseases [2aridus processes of heavy metals elimination aeel,usuch as
precipitation, electroprecipitation, electro coadigdn, cementing and separation by membrane, theerdo
extraction and the exchange of ions on resinsR&Fcently, biosorption has emerged as a treatmetitatieas an
alternative technology to the conventional usedsdpe the waste water treatment. Biosorption isnpimeenon in
which the non-living agricultural biomass binds ahcentrates metal ions from even very dilute agaesolutions
[4]. Biosorption has emerged as an alternativehese methods with the major advantage such as dsty kigh
efficiency, minimization of chemical and biologicaludge, regeneration of biosorbent and possibditymetal
recovery [5]. The present study is focused to exgpthe ability of environmentally friendly agricutal by product
such asNothopanax scutellarium leaves for the removal of Cu (Il) from aqueoususoh under batch method.
Experimental parameters affecting the biosorptioocess such as pH, contact time, concentration wf(I(,
biosorbent dosage, FTIR and SEM analysis has meestigated.
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EXPERIMENTAL SECTION

Chemical and Apparatus

All reagents used are analytical grade obtainedhfie. Marck (Darmstad, Germany). The apparatus wased
analytical balance (Kern & Sohn GmbH), sieverd®) Fourier Transform Infra-Red (Unican Mattson Mo@D)
Rotary shaker (Edmund Buhler 7400 Tubingen), AtoAlisorption Spectrophotometer (AAS Variant Speétra
240 Spectrometer), pH meter (Lovibond Senso Diregtinder (Christy Hunt), Scanning Electron Micrope
(SEM SU 3500) and the glasswares.

Preparation of Adsorbent

N. scutellarium leaves was collected from traditional market in &ay washed with deionized water and air dried
for one week. Thé\. scutellarium then smoothed using cruiser to form powder. Tl&de powder then sieved to
450um. About 20 gram of samples was activated by sapikirexcess of 80mL HN{D,01M, followed by washing
thoroughly with deionized water the air dried.

Batch Adsorption Experiments

The adsorption experiments were studied by usitighbmethod experiments. All the experiments wensdocted
at 2%C and 100 rpm on a mechanical shaker with 0.25 g@gsorbent in 100 mL conical flask containing 10 afL
Cu(ll) solution. The effect of pH solution, contatiine, biosorben dosage, initial concentration oI were
studied. The concentration of Cu(ll) in solutioteafequilibrium was reached as determined by AtoMisorption
Spectrophotometer (AAS). To determine the amour@w({ll) ion adsorbed bi. scutellarium leaves powder (ge),
the formula used is:

e_Co—Ce
qe = m

xv 1)

where Co is the initial concentration of metal igmgy/L), Ce is final concentration at equilibriutate (mg/L), mis
biosorbent mass (g) and v is volume solution (LjosBrption assays were conducted on various pHialini
concentration of Cu(ll) ions, biosorbent dosage aodtact time. Surface analysis of biosorbent leefond after
biosorption process was investigated by SEM. Tinetfanal groups that involved in biosorption westirmated by
FTIR.

RESULTSAND DISCUSSION

Effect of pH on Biosor ption of Cu(ll) lons

pH seems to be the most important parameter ibitheorptive process. The solution pH affects mietalsolubility

as well as biosorbent total charge. The removahefal ions is almost negligible at highly acidic pelues and
increases by increasing the solution pH up to tirelimit [6]. The effect of pH on biosorption Giu (ll) ions using

N. scutellarium leaves powder was shown in Fig. 1the optimum c@mivas found at pH 7 with sorption capacity
0,9516 mg/g. The same result was also reportecabgdy et al (2014) [7]. Pandey et al (2014) repbtie ability

of Syzgiumcumini L to remove copper from aqueous solution and theyswas carried out in a pH range 2-11, since
copper starts to precipitate above pH 7. The athere result was also reported by Al Homaidan @l4) [1] that
used biomass d@pirulina platensis to remove Cu (II). Biosorption was found to be imaxm (90,6%) in a solution
containing 100 mg/L Cu (Il), at pH 7.

Effect of Initial Concentration on Biosor ption of Cu (I1) lons

Effect of initial concentration of Cu(ll) ions waarried out at various concentration, ranging fro®® mg/L until
1200 mg/L. The effect of initial concentration ol Gll) ions was shown in Fig.2shows the effect oitial
concentration of Cu (ll) ion on sorption capaci) @t the constant pH from 100 mg/L until 1200 mglt can be
observed that the adsorption of Cu(ll) increasedity as the increase of Cu (Il) concentration. Fige2 shows that
the optimum condition of biosorption process wasfib at concentration Cu (I1) 1200 mg/L with sorpticapacity
13.95 mg/g.The initial concentration provides apamiant driving force to overcome all mass transésistance of
metal between the aqueous and the solid phasesasiog amount of metal adsorbed by the biomass baill
increased with initial concentration of metals [@]gher concentration result in a greater drivingcé at the liquid
solid interface, which in turn enhances the maasster [9].
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Figure 1. Effect of pH on Cu(ll) adsor ption, with initial concentration 30mg/L ; stirrer speed 100r pm; contact time 15 min; biosor bent
dose N. scutellarium0.25g
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Figure 2. Effect of initial concentration of Cu(ll) on sorption capacity (Q) of N.scutellarium

Effect of biosorbent dosage on biosorption of Cu (I1) ions

Optimum dosages of biosorbent were investigatedomdlition pH 7, and initial concentration of Cu) (11200 mg/L.
The dosages of biosorbent ranging between 0,2§.-The result shown in Fig.3from the result showet 0,1 g of
N. scutellarium leaves powder shown an optimum condition for adsampThe removal efficiency of metal ions is
highly dependent on the quantity of biosorbent.e8aresearches reported that the increase of r@mpevcentage
with increase in the sorbent dosage is due to thater availability of the exchangeable sites afase area at a
higher concentration of the biosorbent [10].Howetee result shows that the adsorption capacityedesed sharply
with the increasing of adsorbent dosage. Thesdtsasmay due to the overlapping of the adsorptidessas a result
of overcrowding of adsorbent particles [11]. Morenwhe high adsorbent dosage could impose a sogpeffect of
the dense outer layer of the cells, thereby shiglthe binding sites from metal ions [12].
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Figure 3. The effect of biosorbent dose on sor ption capacity of N. scutellarium

Effect of Contact Time on Biosor ptionof Cu (I1) lons

To achieve the highest removal of metal ions, gtemination of the optimum contact is one of thg factors that
should be assessed. Equilibrium time is one ofrtiportant parameters for selecting a wastewatatrtrent system
[13]. The result for the effect of contact time Gn (II) removal byN. scutellarium leaves powder are presented in
Fig.4 the initial high rate of adsorption of metahs is due to free active binding sites on thefaser of the
adsorbent. As the number of available sites deerehs rate of adsorption of metal ions also deg®fl4].

Adsor ption I sother m Studies
The Langmuir isotherm model is expressed as [15]:

[« 1 1

(@9 gmb gm

Where g = mass of solutes adsorbed per mass oftetgpc = concentration of adsorbate in solutiorquilibrium
with the adsorbate, gm and b are constant whichedaéed to sorption capacity and energy of sorbastained by
plotting c/q against c. The slope 1/gm while theericept is 1/gm.b. The Freundlich linear form igegi by the
following equation [16]:

1
log q. = logK¢ + Hlog Ce

Where Kf is Freundlich constant and 1/n is an eicgliparameter related to the adsorption intensitg.5 shows
the values of 1/n and Kf from the slope and thergpt of plot of log gvs log Ce.
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Figure 4. Effect of contact time on biosor ption capacity of N.scutellarium

Fourier Transform Infrared Spectroscopy

Fig.6 shows the Langmuir isotherm plots for theoagton of Cu (1) using\. scutellarium. It was observed that the
experimental data fitted the Freundlich isothernstb@he Langmuir isotherm was far from unity whilee
Freundlich isotherm model was closer to unity.Tablshows the comparison of the Langmuir and Frecimd|
Regression Coefficient.
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Figure 5a. Langmuir isotherm N.scutellarium Figure5b. Freundlich isotherm N.scutellarium

Table 1. Comparison of the Langmuir and Freundlich Regression Coefiicient

Langmuir isotherm Freundlich isotherm
gm (mg/g) | b (LUmg) R Ke 1/n R
27.7008 0.9901| 0.9268 0.0944 0.7633 0.9848

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR is an important analytical technique to camfithe functional groups which present in the bibsats. FTIR
provide the information on binding mechanism andsale functional groups involved in the interantigith metal

ions [3]. The FTIR spectra dfl. scutellarium leaves powder, before and after adsorption are shawrig.6as
shown in Fig.6 the broad and sharp peak at 3200-86¢ indicate the presence of O-H stretch, the pe&l856-

3000 cmt* correspond to C-H stretches, the N-H bend careke at 1580-1650 ¢in The peak at 1020-12508m
indicates the C-N stretch.
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Figure 6. FTIR spectra of N. scutellarium leaves (a) befor e biosor ption, (b) after biosor ption

Scanning Electron Microscope (SEM)

The scanning electron microscope analysis as coeduo analyze the surface morphology of the biosots
before and after biosorption process. The imaggvisn in Fig.7. From Fig.7, it can be seen thatghdace ofl\.
scutellariumleaves is smooth with uniform microporous structdree biosorbent have porous on their surface that
can be filled by metal ions. The structure thenobpees rough and tangled after biosorption indicatihg
modification of the biosorbent.
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Figure 7. Theimages seen of N. scutellariumleaves powder; (a) before metal uptake; (b) after metal uptake with 1000x magnification
CONCLUSION

The adsorption of Cu (ll) ions from aqueous solutissingN. scutellarium leaves as the low-cost adsorbent was
investigated in batch process. The optimum conditteas found at pH 7, biosorbent dosage 0.1 g,alniti
concentration of metal ions 1200 mg/L and contaoetl5 min. Many people who live in industrial aread
drinking water from corroded copper pipes cannottled water from daily consumption. From the study
scutellarium could considered as low cost biosorbent that wdndduseful for the economic treatment of waster
containing copper.

REFERENCES

[1] AA Al-Homaidan; HJ Al Houri; AA Al Hazzani; (GElgaaly; NMS MoubayedArabian Journal of Chemistry.,
2014, 7, 57-62.

[2] MA Hossain; HH Ngo; WS Guo; TV Nguyedournal of Water Sustainability., 2012, 2(1) 87-104.

[3] D Wahyuni; F Furgani; AA Astuti; Indrawati; RZein; E Munaf; Research Journal of Pharmaceutical,
Biological and Chemical Research., 2014, 5(5), 1320-1328.

[4] R Kaur; J Singh; R Khare; A AliJniversal Journal of Environmental Research and Technology., 2012, 2(4),
325-335.

[5] N Nazaruddin; R Zein; E Munaf; J Jilbh Chem. Pharm. Res., 2014, 6(12), 370-376

[6] NT Abdel Ghani; GA El-Chaghabynternational Journal of Latest Research in Science and Technology.,
2014, 3(1), 24-42.

[7]1 PL Pandey; SB Kankal; MV Jadhawiternational Journal of Scientific and Research Publication., 2014, 4(12),
1-5.

[8] SH Abbas; IM Ismail; TM Mostafa; AH Sulaymodgurnal of Chemical Science and Technology., 2014, 3(4),
74-102.

[91 WSW Ngah; MAKM HanafiahJournal of Chemical Technology and Biotechnology., 2008, 84(2), 192-201.
[10] SR Popuri; A Jammala; KVNS Reddy; K AbbuEglgctronic Journal of Biotechnology., 2007, 10, 358-367.
[11] VK.Garg; R Gupta; AB Yadav; R Kumajoresource Technology., 2003, 89, 121-124.

[12] MP Pons; CM Fusteipplied Microbiology Biotechnology., 1993.,39, 661-665.

[13] NT Abdel Ghany; M Hefny; GAF EI-Chaghabiytt. J. Environ. Sci. Tech., 2007, 4(1), 67-73.

[14] B Shrestha; PL Homagai; MR Pokhrel; KN Ghimikepal. J. Sci. Technol., 2012, 13(2), 109-114.

[15] AP Henderson; LN Seetohul; AK Dean; P RusSdPruneanu; Z Alit.angmuir., 2009, 25(2). 931-938.

[16] Khoiriah; F Furgani; R Zein; E Munad; Chem. Pharm. Res., 2015, 7(1), 546-555.

214



