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ABSTRACT

Heavy metals are often considered as a main contaminant in water pollution and they are highly dangerous for
living organisms in the contaminated area. This study focus on biosorption of cadmium (I1) of soybean (glycine
max) waste with the aim to predict the movement pattern of Cd(l1) metals ions of wastewater. The studies included
determination of optimum pH, optimum concentration, dosage of biosorbent, flow rate and type of isoterm. The
results show that the optimum pH of biosorption Cadmium (11) on biosorbent was 5,the optimum concentration was
250 mg/1, the optimum biosorbent dosage was 0,1 g, the optimum flow rate was 3 ml/minute and the type of isotherm
adsorption for the biosorption of on biosorbent were described as the isotherm Langmuir with R? = 0,9746, and q
max was 7,563 mg/g. This study shows that soybean waste can be an important low cost biosorbent for Cd(l1)
removal.
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INTRODUCTION

Industrialization effect has increased in the disgk of industrial wastes, such as heavy metatsvirstewater.
The heavy metals in the environment such as wagtewave brought about a number of environmentablpms
[1,2]. The concentration of heavy metals in wastiw must be controlled because quality must tot theewater
quality standard. The heavy metals are hazardobsitoan and the other living organisms [3,4]. Hemastals in
wastewater are not biodegradable and the remov#hesh is extremely important in terms of healthyliging

organism [5,6]. The heavy metals can cause sevemahnted effects, including disruption of the biutesis of
hemoglobin blood, anemia disease, rising in blomkgure, kidney damage, disruption of nervous bsgstems,
diminished learning abilities of children, adremaufficiency, blindness, liver disfunction, anatbthers diseases.

The currently practised technologies used wereigitation [7], adsorption, ion exchange, reducticoagulation,
and membrane filtration [8], but these processeg Imaneffective or expensive for removal ion met#l potential
alternative to metals removing process is biosomptvhich utilizes various biomass such as from laitamal or
geomaterial [8,9]. Biosorbent obtained from suiéablomaterial or biomass can be used effectivelyh@removal
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of heavy metal ions from the wastewaters. Generhlgsorbent was contains several variety of organimpounds
such as lignin, cellulose and hemicelluloses antttfanal groups such as hydroxyl, carbonyl and amBoth
organic compounds and functional groups in biosarbieave highly affinity for metal ion complexatian
biosorption. The primary advantages of this metamore effective in the removal of the conceittnabf heavy
metal ions to permitable levels using low cost lagsmaterials [2-8]. In recent years biomass usdxioisorption
process was plant waste or industrial by produch aasPhaleria macrocarpa seed [23]Annona muricatal.. seeds
[7,12,13],Lansium domesticum Corr fruit peels [14] and seeds [15], Eggshells [16], Peanut gii&l]s Coconut corr
[18], rice husk [19]Nypa fruticans Merr Shell [22] and others. In this research biosnased as biosorbent from
stem of soybeans waste. The aim of the preserain@s&vas to investigate the potential that soyheaste as low
cost biosorbent can be important for Cd(Il) removal

EXPERIMENTAL SECTION

Chemical and Equipments

All chemical used in this experiments such as CAN®INO;, NaOH, HCI, Buffer solutions are analytical grade
from Merck. Distilled water was made from laborgtof Crusher, Mortal Grinding, pH meter, analytitallance,
oven, adsorbate column, AAS and FTIR were uselignexperiments.

Preparation of Biosorbent

Stem of soybean waste was collected from agriceilivaste in Pasaman Barat, West Sumatera, Indoffémsastem
was cut about 5 cm washed with water, dried at reemperature, grinded and sieved to obtain thdghaize
<200 um. The powder was found soaked with 0.01 M KIf® 2 hours. Filtered then rinsed with distillecter
until neutral with pH about 7. The biosorbent wered and ready to beused.

Continuous Adsorption

Powder of soybean waste biosorbent was enteredadsorption column and contacted with 15 mL sotutio
containing Cd(lIl) ion. The experiments were conddcby varying pH solution, initial concentratioripgorbent
mass, particle size of biosorbent and flow rat€afll) ion metal.

Data Analysis
To determination the amount of Cd(ll) ion adsorbgdoybean waste in adsorption process, the forosed is:

_ (Co—-Ce)V
Qe=—0f@—

Where Qe is adsorption capacity (mg/g), Co is thi#al concentration of metal ion (mg/L), Ce is tfieal
concentration at equilibrium of process (mg/L),siosorbent mass(g) and Vis volume solution (L).

RESULTS AND DISCUSSION

Effect of pH solution

In biosorption process pH solution was an importahe. This pH parameter affects the chemical prige of
metal ion and the ability of biosorbent to adsorgtahions [5]. Fig.1 shows that the effect of pHuson for the
adsorption of Cd(ll) ions by powdered soy bean wasthe pH range 2-6. The net charges of presethi®surface
of soybean waste of the biosorbent surface solgrdapend on the intial pH of metal ion. The resuit Fig.1
indicate that soybean waste was ineffective at BHAt the pH between2 to 5, can reasonably be testito a
decreased Hconcentration in the solution and consequentlyeasing the number of negative charge on the
biosorbent surface, This situation increased thetelstatic attraction and sorption of positiveharge Cd(ll) ions
and then increased the amount of metals ion sd®@ld At the pH >5 precipitation of insoluble hydides of
Cd(ll) ion was occurred in the solution after agiéimn. This optimum pH value founded5 was usedlitha further
experiments carried out to explore the effecthefdther operating variable in experiment of bipson.

Effect of Initial Concentration

Kinetics of Cd(ll) ion sorption onto soybean wastas investigated at different intial concentratafnCd(ll) ion,
ranging up to 300 mg/L. In this experiment can t#e¢ adsorption capacity increased by the incrgasfrmetal
ions concentration up to 250 mg/L as shown in RigHighly of amount metal ions adsorption were eauby
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several factors such as the collision between télnions with the biosorbent surface and the tgtiti diffuse on
the biosorbent surface. Highly capacity is dueht availability of active sites on the biosorbamtface, when the
number of active sites of biosorbent used is gretiten the metal ions adsorbed, the adsorption citgpaas
founded will increase until the amount of the aetsite of biosorbent is equal with the number oflFdons,
decreasing occurred after the equilibrium is reddietween metal ion in adsorbat and active sit@afforbent[19].
High intial metal concentration can to accelerhgedriving force and reducing the mass transfestasce.
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Figure 1. Effect of solution of pH on the biosorptn capacity of Cd(Il) ions on soybean waste. Expeniental condition: Initial
concentration = 100 mg/L, biosorbent dose = 0.1 fpr 15 mL metal ion
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Figure 2. Effect of initial concentration on the bosorption capacity of Cd(ll) ion soybean waste. Exgrimental condition: solution of pH =
5, biosorbent dose = 0.1 g, for 15 mL metal ion 1GAg/L

Effect of Biosorbent dosage
The biosorption capacity (Qe) for a given intiahcentration of ion metal was defined by biosortgage, which

was one of important parameters. The effect ofdslwent dosage of soybean waste that usedwas ex@rhine
varying dosage at the range from 0.1 to 1.0 g. fEsalt of experiment is shown in Fig. 3. This expent shows

that the maximum soybean waste biosorbent mas8.arg. The decreasing of adsorption capacity watsed by

the saturation between active site of biosorbent metal ion and particle interactions such as agdien by an

increasing in soybean waste biosorbent mass [19,25]
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Figure 3. Effect of biosorbent dosage on the biosption capacity of Cd(ll) ion on soybean waste. Expéanental condition: Cd(ll) ion
concentration = 250 mg/L, solution of pH solution =5, for 15 mL metal ion

Effect of particle size

The other effective parameter on molecules adsworp§ particle size. Maximum uptake of adsorptioocess is a
function of specific surface or external surfaceadsorbent [24 A series of experiments were performed in the
range of soybean waste particles size between 3@0 pm. According to Fig. 4, it is observed tha tate of
cadmium adsorption was affected by the changedrp#rticle size in surface area of the soybeanenaissorbent.
From Fig. 4 was found optimum particle size 180 um.
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Figure 4. Effect of particle size on the biosorptio capacity of Cd(ll) ion on soybean waste. Experiméal condition: solution of pH =5,
initial concentration = 250 mg/L and biosorbent dos = 0.1 g, for 15 mL metal ion

Effect of metal ion flow rate

In continuous adsorption system process, ion niletalrate was one of significance parameters. Tfeceof metal
ion in biosorption used was examined by varyingvflate at the range from 1 to 5 mL/minute. The ltdsuishown
in Fig. 5. This experiment shows that the ion métal rate which can bind maximum metal ions fawi rate was
3 mL/minute. The decreasing of adsorption capagéye caused by the saturation between active Shi@sorbent
and metal ion, and particle interactions such gseagation by an increasing in ion metal flow rate.
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Figure 5. Effect of flow rate metal ion on the biosrption capacity of Cd(ll) ion on soybean waste. Exerimental condition: solution of pH
=5, initial concentration = 250 mg/L and biosorbehdose = 0.1 g patrticle size 180 um, for 15 mL métan

Adsorption Isotherm

The Langmuir adsorption isotherms model were stittiem previous initial concentration of Cd(ll) naktons and
shown in Fig. 6. The adsorption isotherm descrthegrocess of adsorption of molecules distribietiveen solid
phase and liquid phase when adsorption reacheddhiéibrium and used to describe the interactiotwben the
metal ions with soybean waste biosorbent [14]. attgorption of metal ions by soybean waste followiaggmuir

isotherm models with determination coefficient €ui(1l) ions is 0.9746. This indicates that the agdon process
occurs in a homogeneous surface with a monolayssrption. Chemical adsorption is explained by titeriaction
between the active site soybean waste adsorbamtadgorbate involving chemical bonds, so the Langisotherm

models explain the process of chemical biosorpi@nHowever, based on the value of N in Freundigtherm
models from experiment, it can also be said thatattisorption of both biosorbent shows physicaltsmrprocess,
because it has a value of N > 1. The value of Ncatds that the degree of nonlinear between soluiimcentration
and adsorption, where N = 1, is the linear adsonptN<1, adsorption through chemical processes Nrr 1

adsorption through occured physical process [20].
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Figure 6. Langmuir (a) and Freundlich (b) isothermmodel for Cd ion biosorption on soybean waste
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Table 1. Langmuir and Freundlich isotherm model paameter

Langmuil Freundlict
Qra(mg/g) | Ki R’ Ki N R?
7.563 0,1322| 0,9746 18316 2,17 0,648

Fourier Transform Infra Red (FTIR) Spectroscopy Analysis

The FTIR analysis of soybean waste was shown in Figrhe spectrum for soybean waste biosorbentréefo
adsorption (Fig.7a) demonstrates distinct peak33@636 cm-1representating O-H bond in alcohol, pe&ak919.37
cm-1 representing C-H stretching, peak at1622.971 aepresenting C=0 in ester. Thus, soybean wasssient
showed an abundance of carboxyl and hydroxyl groufter adsorption were observed several diffeeestuifts of
peak (Fig. 7b). Spectrum 3334.93 cm-1, 2918.53 camnd 1635.02 cm-1 show the adsorption band shift an
indicate the change of functional groups with miiak. The results of the biosorption process shldy take place
at the use of metal ion adsorption/Aynona muricata L. by M.l. Kurniawan [11].
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Figure 7. FT-IR spectrum of soybean waste powder Jdefore and (b) after biosorption
CONCLUSION

The adsorption process is a function of the pHairieh concentration, sorbent dosage, particle, simd metal ion
flow rate. The optimal parameters found are pH &taiion concentration 250 mg/L, sorbent dosageg0darticle
size 180 pm, and metal ion flow rate 3 ml/minufElRFspectra showed that the principal functiontdsstaking part
in the sorption process included carboxyl and hygdrgroups. For pH value of 5, Langmuir isothermduabis in
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good agreement with the experimental data as cadparFreundlich. The results indicate that soybgaste may
be used as an inexpensive, effective and easity adsorbent for the removal of cadmium from aquemhstions.
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