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ABSTRACT

In this study, the ability of cassava (Manihotigiima) leaves for Cd (ll) removal was investigat€de effects of
pH, biosorbent dosage, contact time, initial Cd @bncentrations were also studied. The result ghibtihat the
adsorption process was strongly dependent on Iniacentration and biosorbent dosage. The optinpttnvalue
was 6, contact time 90 minutes, initial concentmatbO0 mg/L and biosorbent dosage was 0.1 g. Tosohption
data were fitted to Langmuir isotherm witf R 0.9945. The spectroscopy analyses showed tieafuthctional
groups of —OH, C=0 and —C=C- might be involved @sarption. The Cd (Il) ion concentrations were detieed
by the use of Atomic Absorption Spectroscopy (AR®).analysis of biosorbent surface before and aftisorption
was confirmed by the use of Scanning Electron Miope (SEM). It was concluded that Manihot utifissileaves
could potentially used as a biosorbent for Cd(fieiqueous solution
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INTRODUCTION

The increasing of development and industrializatias placed stress on the natural resources, edsuntthe
pollution of environment through discharge of waste®m industrial units. This effluent interferestiwintended

use of water when level of pollutants in water xseeding the allowable limits [1]. Most of the irsdial waste
contains heavy metals with certain concentration,. tBe presence of heavy metals in water and waséevin

increasing due to the industrial development diapimsthe sewerage or in the water bodies [2]. ygaetals are a
sanitary and ecological threat, highly toxic, has@&rcinogenic properties, and recalcitrant even ety ow

concentrations and they can pollute drinking wagspurces [3].

Unlike organic pollutants, biodegradation of heamgtals is not possible because metals as elemant®ihe
mineralized to non toxic compound such a®©Hand CO2. Heavy metals can be extremely toxichag tlamage
nerves, the bones, liver and even block the funatigroups of vital enzymes [4].
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Cadmium (Cd) is known for high toxicity propertits all biota and high mobility in the terrestriaivironment.

Cadmium is a wide spread heavy metals and releiasedvironment by power stations, heating systemetal

industries, incinerations, cement factories andaabyproduct of phosphate fertilizers. Cadmium hagreat

solubility in soil and water, and it is known ththe level of cadmium in the soil appears to bedgasing over the
years [5]. There are many efforts have been madeligve cadmium contamination such as on exchactgamical

precipitation and membrane technologies, all shgwiignificant disadvantage and low efficiency. Tesorption

method is a promising technology for remediatiorcafitaminated wastewater metal solutions [6]. Tivaatages
of biosorption is an efficient, potential and ceffiective way of removing toxic and heavy metalsnfrindustrial

effluents with comparing the other alternative noelth[7].

In recent year numerous low cost natural matehialee been proposed as potential adsorbents. Thelselé corn
stalkes [8], orange rind [9], neem leaves powd®ét,[thicroalgae [11], macrofungus [12] and rice h{s¥]. In this
research adsorbent prepared form cassManifiot utilissima leaves was used for treatment of cadmium in
aqueous solution. Effect of operating conditioh® IpH, initial concentration, biosorbent dosagel aontact time
were investigated. The equilibrium adsorption wéitked with Freundilich and Langmuir isotherm maoglel
Scanning Electron Microscope (SEM) and Fourier $famm Infra Red (FTIR) spectroscopy were used tlyaed
the structural of biosorbent and the functionalugwhich involved in adsorption process.

EXPERIMENTAL SECTION

Chemical and Apparatus

The reagents used in the experiments are;QCHD),Cd.2H0, NaOH, HNQ, CH;COONa, CHCOOH, NH,0OH,
NH4CI, H:POy, KH,PO, and KHPQ, All reagents used are analytical grade and obddireen E. Merck (Darmstad,
Germany). The apparatus used are analytical bal@g¢em® & Sohn GmbH), Rotary shaker (Edmund Buhio@
tubingen), pH meter (Lovibond Senso Direct), Atonibsorption Spectroscopy (AAS Variant Spectra AA024
spectrometer), Fourier Transform Infra Red (TherBwentific Nicolet 1S10 using KBr), Scanning Elemir
Microscope (Hitachi Model S-3400N).

Samples Preparation and Biosorption Studies

CassavaNlanihot utilissima leaves were collected from home garden in Medashed, wind dried then milled by
crusher and 30 g of powder was soaked into 120 mIOHD.01 M for 2 hours. The leaves powder was rinsed by
distilled water, wind dried and biosorbent is redolyoe used. The effect of pH, initial concentnataf metal ions,
dosage of biosorbent and contact time were invatgtiy Characterization was carried out by usind-and SEM.

RESULTSAND DISCUSSION

Effect of pH on Biosor ption of Cd (11) ion

Several studies have shown that in metal biosarptip biosorbent, pH is an important factor, andrehis an
observed relationship between biosorption of metadl the magnitude of negative charge on the surédce
biosorbent which is related to the surface funetiogroups [14]. pH affects the solubility of the tadeions,
concentration of the counter ions of the functiogrdups of the adsorbent and ionization degredefadsorbate
[15]. The effect of pH on biosorption of Cd (ID)ridy cassavaanihot utilissimd leaves powder shown in Fig.1

From Fig.1, the pH optimum adsorption capacity agsavaNlanihot utilisimg leaves powder was achieved at pH
6 with adsorption capacity 1.1372 mg/g. The minimbiosorption at low pH is due to the fact thathhig
concentration and high mobility of Hons, the hydrogens ions are preferentially adsbnather than metal ions
[16]. The similar result was reported by Serencamald17] with optimum pH for biosorption of Cd Ylusing
Morus albaL. at pH 6. Awwad and Salem [18] reported thatapgmum pH for biosorption of Cd (Il) using loquat
(Eriobotrya japonica leaves was achieved at pH 6.
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Figure 1. Effect of pH on Cd biosor ption by cassava (Manihot utilissima) leaves powder ; biosor bent dose 0.25 g; contact time 15 min;
stirrer speed 100 rpm

Effect of initial concentration on biosorption of Cd (I1) ion
Effect of initial concentration of Cd (II) from 3thg/L — 120 mg/L on the removal of cadmium (ll) iofiem
aqueous solutions at adsorbent dose 0.25 g andptipH, with contact time 15 minutes and stirrexesp100 rpm

was studied. The result was shown in Fig.2
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Figure 2. Effect of initial concentration on Cd (I1) adsor ption; pH 6;stirrer speed 100 rpm; contact time 15 min, biosor bent dose 0,25 g

Fig.2 shows the maximum sorption capacity (Q) afse@a lanihot utilissima leaves was 10.616 mg/g, achieved
at concentration of Cd (Il) at 500 mg/L. Fig.2 shsothat the metal uptake increase and as the coatientof Cd
(1) increase to 500 mg/L then decreased. Theeadsed of sorption capacity at higher concentraifa@d (I1) may
be attributed by the lack of sufficient surfaceaatiee accommodate much more metal available indhgisn [18].

Effect of biosorbent dosage on biosorption of Cd (I1)
The effect of adsorbent concentration on the refnatvaquilibrium conditions was studied. The resuds shown in

Fig.3.
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Figure 3. Effect of initial concentration on Cd (I1) adsorption; pH 6; stirrer speed 100 rpm; contact time 15 min; initial concentration of
Cd (11) 500 mg/L

Fig 3 shows that 0.1 g of cassganihot utilissima leaves shown the maximum adsorption capacityCiar(I1)

ions with sorption capacity 22.24 mg/g. The somptéapacity decreased as the biosorbent dose ircraasow
biomass dosage, the amount of ions adsorbed peadsorbent weight is high. The adsorption capasitgduced
when the biosorbent dosage increases as a resiiiwef adsorbate to binding site ratio where thesiare
distributed onto larger amount of biomass bindiibgsg19]. Similar report was given in various sagd[3,9,20]

Effect of contact time on biosor ption of Cd (I1) ions
The effect of contact time was investigated withgiag time 15-120 minutes. The result was showrig¥.
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Figure 4. Effect of contact time on Cd (I1) adsorption, pH 6; stirrer speed 100 rpm; initial concentration 500 mg/L, biosor bent dose 0.1 g
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As shown in Fig.4, the sorption capacity of casgdanihot utilissima leaves was gradually increased and reached
the optimum at 90 min with sorption capacity 22m@/g. From Fig.3 the plot reveals that the sorptiapacity was
higher at the beginning. This is probably due targer surface area of the biosorbent availabteeabeginning for
the adsorption of cadmium [13]. The metal ions kethy the biosorbent surface will be rapid iniffaland then
slowing down as the competition for decreasinglabdity of active sites intensifies by the metahs remaining in
solution [21].

Adsor ption I sotherm

Langmuir and Freundlich models were used to deterttie adsorption equilibrium between biosorbewt metal
ions. The Langmuir model assumes that a monomaedaler is formed when biosorption take place auth
interaction between adsorbed molecules and Fraamdibtherm is based on a heteregoneous adsormtierto
diversity of adsorption sites, or diverse naturahe metal ions [22]. The Langmuir equation is esgnted by :
Ced/ Qeq = 1/b Qmax +£/Qnax ; Where Qmax (mg/g) is the maximum amount of metal p@r weight of
biosorbent to form a complete monolayer on theasm#rbound at high Ceq, and b (1/mg) is the Langouristant.
The Qmax and b can be determined from the linedrgflCeq/Qeq versus Ceq [12].

The Freundlich isotherm linear equation is exprésgethe following equation:
1
logge = logk+E.logCe

Where Kk is related to adsorption capacity andrelated to intensity of adsorption. The linear plof two isotherms
were presented in Fig.5 and Fig.6.
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Figure 5. Langmuir isotherm of cassava (Manihot utilissima) leaves powder

From the graphics, the biosorption of Cd (Il) fit Langmuir isotherm with value of determination fficeent
R2=0.9945. This result shows that the biosorptiébrCd (ll) with cassavaManihot utilissimd leaves powder
through chemisorptions process.
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Figure 6. Freundlich isotherm of cassava (Manihot utilissma) leaves powder

FTIR Analysis
FTIR analysis allows identification of functionalogips of organic compound which might involved indorption

process. The FTIR spectra of cassaMariihot utilissima leaves powder before and after biosorption ofiQdons
was shown in Fig.7
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Figure 7. FTIR spectra of cassava (Manihot utilissima) leaves; (a) before Cd (1) uptake; (b) after Cd (I1) uptake

As shown in Fig.7, the peak at wave number 3486 indicates the presence of O-H stretch. This péifkes!

to 3431.78 cni after adsorption. This is indicated the formatidra bond between Cd (Il) ions and —OH. The peak
at 2937.09 cr indicates the presence of C-H stretch. This péifkesl to 2919.15 cfh The peak at 1654.74 €m
indicating the presence of —C=C- stretch, and peakave number 1064.45 cnindicating the presence —C-N.
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SEM analysis

Fig.8 shows the SEM image of the cassavar(hot utilissimd leaves powder before and after Cd (ll) biosomtio
The SEM image analysis was conducted at 1000x rfiegidn. As seen on Fig.8 the surface of cassdenihot
utilissimg leaves powder before Cd (ll) uptake seen smonthheve homogenous surface. Generally the surface
become rough and irregularly shaped particles diggein matrix, predicts feasibility for metal stiop.

(b)

Figure 8. SEM image of cassava (Manihot utilissima) leaves powder; (a) before adsorption of Cd (1) ions; (b) after adsor ption of Cd (1)
ions
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