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Abstract: The study was carried out was to investigate thigyabf oil palm root as biosorbent for different
heavy metals in aqueous solution under differentlitions. The effect of physico-chemical parameteasnely
pH and metal ion concentration on the removal efficy were investigated. Behaviour of mixed metal i
biosorption and desorption using oil palm root wstiedied. Investigation and comparison were madehi®
metal-binding capacity and the performance of bissot in the function of aforesaid paraments, tbhou
isotherm models, namely Langmuir, Freundlich andbiBin-Radushkevich models. The results show that th
equilibrium data of Cu and Pb fit well to all isetin models except that of Zn metal ion. The removal
efficiency of metal ions is strongly affected by @d metal ion concentration. The biosorption cepac
increases sharply from pH 6.0 to 7.0 while the pB.& inhibits the biosorption of metal ions. Thexinaum
biosorption is 31.11 mg/g at pH 7.0. The uptakeacdyp, q of Cu and Pb increases from 50 mg/L to 200 mg/L,
while the uptake capacity of Zn increases from SfiLmo 150 mg/L. The results of this study implhatiolil
palm root is a suitable biomass to remove Cu, ZhRimmetal ion from aqueous solution.
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Introduction

Rapid industrial activities have caused many emvirental problems due to the release of toxic and
hazardous chemicals especially heavy metals in itldeistrial effluents [1,2]. Heavy metals are non-
biodegradable and tend to bio magnify and accumuhabur food chain [3,4] Therefore, a proper mesit is
essential to alleviate the impact of heavy metakhé environment and public health [5]. Biosomtéan be an
alternative for the conventional wastewater treatnneethods such as ion exchange, chemical preguitand
membrane filtration, due to its effectiveness, diaity and economically viable sound [6-9]. Biostign is a
rapid physico-chemical process which involves timeling of metals on the biological materials [10jeof the
biosorption approaches is using oil palm biomasbiasorbent. Based on previous studies, oil palombiss
such as trunks, fronds, empty fruit bunches (EF@yes and shells were used as effective bios@hent
remove heavy metals [1,11]. However, to date,ethiemo report on oil palm root used in removinguye
metals from aqueous solution. Thus, this reseamh varried out to investigate of the feasibilityodf palm
root biomass as a biosorbent. In this study, dinp@ot biosorbent was used to remove heavy méafsper
(CU?), Zinc (Zrf*) and Lead (PB) using oil palm root biosorbent from aqueous sotuunder different pH
and metal ion concentrations. The performance lgpalim root as biosorbent for heavy metal was eital,
particularly in single and multiple metals systemMssorption and isotherm studies were also caoigdo give
insight of the oil palm root biosorbent system.

Material and methods

CuSQ.5H,0, Zn(NGy),, PbCh, HNO; and NaOH of analytical grade were purchased froencd Oll
palm root was obtained from rural palm estate kit Kelantan, Malaysia. Figure 1 shows the oil paloot
before and after washing and drying.

(a) (b)

Figure 1. Oil Palm root before (a) and after (b) washing.

Preparation of biosorbent and metal ion aqueous sation

Oil palm root obtained was washed thoroughly usam water and deionized water before drying in
oven at 100 °C. The oil palm root was grounded paeder prior to treat with 0.3 M HNOThe oil palm root
powder was then sieved into the size of 160 Standard solutions for Cu, Pb and Zn were pegptiirough a
series of dilution from stock solutions. The saativas diluted with 1% HNgsolution.

Biosorption Studies

The batch biosorption experiments were carriedfausingle metal ion system and mixed metal ions
system. The regeneration of biosorbent was invastibthrough desorption process. The concentrafiometal
ion in aqueous solution was analyzed using atoimsoigption spectrophotometer. The biosorption caypacid
the rate metal uptake were calculated using isptimeodels.
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Atomic Absorption Spectrometry (AAS)

Atomic Absorption Spectrometer (Perkin Erlmer, USKHJs used to carry out atomic absorption studiee. T
analysis was performed at wavelengths 324.754 4886, 226.502 nm for Cu, Zn, and Pb, respectively

Metal Uptake Capacity

The removal of metal ion from aqueous solutiomgsil palm biosorbent was calculated by equation 1

(C,—C.)
Removal (24) = —c ¥ 100

@ (1)

The metal uptake capacity was assessed using lisotmedels. The data obtained was fitted into isothe
models to determine the fitness of the model. Th&amon uptake was obtained by equation 2.

Equilibrium
c —-C
adsorption = M XV

capacity (mg/L),q_ "

(2)

Where, G and G represent the initial and final metal ion concatitn, respectively. V is the volume of
aqueous solution (L), and m is the dry weight alSbrbent in g.

Biosorption Isotherm Models

Langmuir Isotherm Model

Langmuir accounts for the maximum amount, of metal ions required to form single layer
biosorption. High g and steep initial isotherm slope represents aalasi high affinity, which explains the
good performance of biosorbent in general. Theniyfibetween metal ions and biosorbent (sorbatbesdj
was calculated using, Rdepending on the value of Langmuir constan).(K, is related to sorption energy as
given equation 3.

g — th—-‘lca
= 1 + K,C, (3)

Freundlich Isotherm Model

Freundlich’s isotherm model determines the hegemeity of biomass. Kand n in Freundlich is related
to adsorption capacity and intensity of biosorbeespectively. Low value of Kindicates less adsorption of
metal ions, whereas when value of (1/n) is unetpahity (1), the biosorption is decreased withr@asing of
metal ion concentrations as yielded from equation 4

A=

q. = K:C, 4)

Dubinin Radushkevich (D-R) Isotherm Model

This isotherm was used to determine the physicdlciemical parameters of biosorption dependent on
temperature. The theoretical maximum capacitya@ Dubinin constant, Bis calculated from intercept and
slope of plot of In (g versus In (1+1/¢.

Analysis and Interpretation

The data collected from the experiments was andlyseng Microsoft-Excel 2007 and SPSS software.
Regression analysis was employed for reliabilityl atatistical validation between theoretical détésotherm
model and experimental data.
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Results and Discussion

The feasibility of oil palm root biomass as biosambin removing three metal ions hamely copper (Cu)
zinc (Zn) and lead (Pb) was investigated The efbdéqH and initial metal ion concentration were rmexaed to
determine the biosorption efficiency. A single antked metal system as well as desorption studigs aiso
carried out.

Effect of Ph

pH is the most important parameter, which affeasious factors in biosorption process such as
functional group of biomass (biosorbent), degre@nization of metal solution (biosorbate), andubdlity of
metal ions [12]. The competition abilities of hgden ions with metal ions to unite with the actsites of
biosorbent are occurred in biosorption process. [IBg effect of pH on biosorption of metal ions vsasdied
in the pH range from 2.0 to 7.0, while keeping ¢bacentration of metal ion 250 mg/L. The removéicafncy
and uptake capacity of Cu, Zn and Pb ions as aitmof pH is shown in Figure 2 and Table 1. Ih@ted that
the metal ions removal efficiency increases with iticreasing of pH although there is a fluctuatbmemoval
efficiency between pH 3.0 to 6.0 for Cu and Pb. Tloetuation of results could be attributed to guéar
measurements of pH. The maximum adsorption is teteat pH 7.0. The removal efficiency is relativielwer
at pH 2.0 because the overall surface charges teepositive as Hoccupies the active sites of biosorbent and
thus metal ions compete for binding in the activessof biosorbent. The active sites become mogatnely
charged and the functional group become deprotdnasethe pH increases. Hence, more active sites are
available for metal ions [5].

100
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Figure 2. Effect of pH on metal ions removal efficiency.

Table 1. Metal uptake capacity.gnd % removal for pH of Cu, Zn and Pb

Cu Zn Pb

Metal % % %

lons pH Ge Removal Ge Removal Ge Removal
2 2.43 7.76 7.89 25.24 5.14 16.44
3 10.91 34.92 5.69 18.20 5.50 17.60
4 9.26 29.64 16.85 53.92 5.39 17.24
5 11.06 35.40 15.99 51.16 9.33 29.84
55 17.41 55.72 16.91 54,12 20.82 66.61
6 7.83 25.04 13.66 43.72 26.89 86.04
6.5 16.91 54.12 22.84 73.09 27.94 89.39

7 28.64 91.64 31.11 99.55 27.62 88.39




Irshad Ul Haq Bhat et a//Int.J. ChemTech Res.2014,6(1),pp 163-177. 167

Effect of initial metal ion concentration

The previous studies revealed that the uptake @gpafchiosorbent increase with the increasing aftah
ion concentration [8-10, 14-16] .The effect of imitmetal ion concentration was studied at diffénesetal ion
concentrations ranging from 50 mg/L to 250 mg/ligufe 3 depicts the metal ions removal efficienggiast
the initial concentration of metal ions. It is ndtdat there is a similar trend shown for Cu andiRlwhich the
removal efficiency decreases gradually from 50 mig/L150 mg/L, but increases slowly after 150 mgrid a
decreases again after 200 mg/L. However for theratlen of metal ion Zn, there is an increase ohoeal
efficiency from 50 mg/L to 150 mg/L. The metal Uggadrops sharply after 150 mg/L. The decreaseroval
efficiency may be caused by the saturation of guswr sites [10] . Figure 4 shows the comparisombke
capacity (mg/g), gor each metal ion; Cu, Zn and Pb. The selectioter for metal ions towards oil palm root
biosorbent is Pb>Cu>Zn, which is in agreement whth study of Ashraét. al.2011 for biosorption of Pb, Cu,
Zn and Ni using mango biomass. [10].

Competitive biosorption: Mixed metal system

Competitive biosorption of Cu, Zn and Pb by thepalm root biosorbent was conducted with three
different metal ion concentrations, 50 mg/L, 100/lmgnd 250 mg/L. In the experiments, a 50 mL of edix
metal ion solution was treated with a 0.4 mg ofpalm root biosorbent at room temperatur€C25Table 2
exhibits the adsorption of three-metal system ¢tbatpared with single metal system. In generalptreentage
removal and uptake capacity of metal ion are imft@el by the presence of other metal ions. Accortinfe
results, majority of metal ions show drastic inseean the percentage adsorption and uptake capagif
three-metal system when compared to single mettesy For Pb in metal concentration of 50 mg/L the
decline in percentage removal is very small andotioeable. In summary, the presence of other ions
significantly affects the biosorption of metal ions
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Figure 3. Effect of concentration on adsorption of metal.ion

Desorption study

Desorption study was conducted to determine thenemtion and reusability of biosorbent for the
evaluation of the efficiency and feasibility of raetemoval process. Desorption of metal ions tloainol on the
biomass was conducted by allowing the metal bouaseibbent immersed in two different eluents, HCH an
HNO; for 15 minutes. The eluents performed as desorbigtion, in which the eluents separates meta ion
that have bound on biosorbent during biosorpticocess into eluents solution. The desorption efiicyeis
shown in Figure 5. The desorption of Pb and Cu fimhpalm root biosorbent is higher than Zn. Higher
recovery of Pb and Cu could be due to the loweniffbetween Pb and Cu with biosorbent. Zn haselow
recovery due to the higher affinity of Zn towardedorbent compared to Pb and Cu. As the desorption
efficiency of HNQ is higher than that of HCI, it can be concludedttHNG; is a relatively more effective
eluents for recovering metal ions from oil palm trdmosorbent. The result also shows that oil patratr
biosorbent can be utilized in multiple-sorption-aiggion cycles as the metal ions can be recovenamd the
biosorbent.
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Figure 4. Metal uptake capacity and percentage removalfagaion of metal ion concentration by oil palm
root biomass as biosorbent: (a) Cu, (b) Zn, (c) Pb.
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Table 2. Competitive biosorption of Cu, Zn and Pb.

Metal Metal ion Single metal system Three-metal system
lon conc. (ppm) q % Removal q % Removal
50 3.39 54.24 5.64 90.304
Cu 100 6.15 49.23 10.84 86.75
150 6.09 32.47 17.81 95.01
50 1.19 19.02 5.05 80.76
Zn 100 491 39.25 10.08 80.66
150 10.33 55.07 15.22 81.15
50 3.86 61.8 3.86 61.76
Pb 100 7.18 57.46 9.23 73.87
150 9.84 52.49 15.10 80.55
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Figure 5. Desorption efficiency of metal ions for HCI aniNB..

Biosorption isotherm

The biosorption isotherm models such as Langmuigpiidlich, and Dubinin-Radushkevich models
were employed to evaluate the biosorption equilirbetween metal ion solution and oil palm roosbitent.
Langmuir and Freundlich isotherms were used to @éxaihe biosorption performance in metal ions uptakd
determine the mechanism of monolayer and multilagorption, respectively. The physical and chelnata
biosorption are determined by Dubinin-Radushkevidie data obtained from the biosorption experinesre
used for the linear fits of the isotherm modelse Tonstants of the isotherm models obtained framlitiear
fits are tabulated in the Table 3, including theedér regression coefficients?. RThe constants from isotherm
models are used to generate the nonlinear fitkefsotherm models. These nonlinear fits are usevaluate
the behaviour of biosorption isotherm model witl &xperimental value.

Langmuir isotherm model

The linear plots of Langmuir isotherm model obtdirier different metal ions are given Figure 6. The
maximum amount of metal ion required to form mogela q, and Langmuir constant, Kare estimated by
plotting graph of @ge.against G The results obtained shows that the Langmuthé&on model is fit for the
biosorption of Cu and Zn using linear regressioithwR® of 0.924 and 0.774, respectively. Table 3
demonstrates the Langmuir isotherm parameter foh eaetal ion. The separation factor, Bnd surface
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coverage,f are both the essential parameter in Langmuir éathmodel. Separation factor (SF) is the

equilibrium parameter that specifies the naturadgorption and the shape of isotherm. SF can beedeby

the following relationship.

Separation factor,=R :

()

* ALke
The SF values are calculated from the equationgyeaqeh of SF against initial concentratiéiigure 7 shows
the graph of separation factor. Favourable isotheambe obtained when the SF value falls betweand0l.
[10]. Table 5 shows the SF values, far each metal ion. The data indicates that theadim root biosorbent is
a relatively effective adsorbent at lower metalganirations.

To assess the adsorption behaviour of metal ionBi@sorbent, surface coverage (SF), which is the
Langmuir type equation, is used. The equation dhsea coverage is:

Surface coverafe; K% (6)
1+Kp CG

The graph of SC against metal ion concentrationpl@tsed to study the surface portion of biosorlibat are
covered by metal ion. The data is presented inrEi§uand Table 5.

Based on the data presented, the surface coveratjeates that the increasing of metal ion
concentration leads to the increase of surfacerageeof oil palm root biosorbent until the surfaselmost
covered with monomolecular layer. The highest sierfeoverage value for metal ions is copper, follbJg
lead and zinc. Therefore, it can be concluded dhatalm root biosorbent is the most effective jtaking Cu
at all initial concentrations.

Table 3. Coefficients of isotherm models

Isotherm Oil palm root biomass
parameters Copper (I1) Zinc (I Lead ()
Langmuir
Omax(Mg/qg) 9.71 41.67 23.26
K. 2.63 x10° 1.37 x10° 1.16 x10°
R 0.924 0.020 0.774
Freundlich
Omax(MQ/Q) 8.82 9.75 16.45
1/n 0.406 0.850 0.684
Ke 1.054 0.114 0.555
R 0.826 0.417 0.874
Dubinin-Radushkevich
Omax(Mg/qg) 8.05 9.90 13.78
Qp (molg?) 9.09 15.47 17.00

Bo (kJmot?) 465x10 1.71x10 6.10x 1C°
E (kJmot) 9.64x10° 1.85x10 1.11x10
R 0.890 0.595 0.903

Freundlich isotherm model

Freundlich isotherm model was employed to estirntadeadsorption capacity and intensity of oil palm
root biosorbent. Freundlich isotherm is not limitednonolayer formation and reversible adsorpténg it can
be illustrated through this isotherm. Graph laga@ainst log €was plotted to attain the straight line with slope
1/n and intercept log K Figure 9 shows the linear graphs of Freundlidthisrm with their linear regression
coefficients, R The graph reveals that the experimental datair@ain this study are well fitted into
Freundlich isotherm models, except for Zn, which tiee lowest value of linear regressioﬁ, R
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Figure 6. Langmuir isotherms model for (a) Cu, (b) Zn andRb)
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Table 4. Separation factor of copper, zinc, lead

Separation factor (SF), R

Co (mg/L) Cu Zn Pb
50 0.431965 0.935891 0.632911
100 0.275482 0.879507 0.462963
150 0.202224 0.829531 0.364964
200 0.159744 0.784929 0.301205
250 0.132013 0.744879 0.25641
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Figure 7. Separation factor (SF) for biosorption on Cuahld Zn

Table 5. Surface coverage of Cu, Zn and Pb

Surface Coverage (S,

Co (mg/L
o (mg/L) Cu Zn Pb
50 0.568035 0.064109 0.367089
100 0.724518 0.120493 0.537037
150 0.797776 0.170469 0.635036
200 0.840256 0.215071 0.698795
250 0.867987 0.255121 0.74359
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Figure 8. Surface coveragf against metal ion concentration
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Figure 9. Freundlich isotherms for (a) Cu, (b) Zn, andRb)

Dubinin—Radushkevich isotherm model

Dubinin-Radushkevich (D-R) isotherm provides infatran on the physical and chemical of
biosorption which is dependent on temperature [IFig theoretical value of maximum capacity, dpd D-R

1
constant, B was obtained from the intercept and slopes ofalirfiés, In @ versus In (1 4{-—). The result
8
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obtained fronFigure 10depicts the Dubinin-Radushkevich is able to f& bhosorption data of Cu and Zn with
the linear regression coefficient; B 0.890 and 0.903, respectively. The maximum IEesdetermined for the
D-R isotherm is 0.096, 0.185 and 0.111 for Cu, Bd &b, respectively. The low value of mean adsompti
energy, E in Dubinin-Radushkevich model speciffest tattraction forces are Van Der Waal instead atem
bonding [18]. Hence, the results gained from thipegiment denote that the adsorption has low piatent
barrier and physical adsorption (physico-sorpti®)the sorption process that involves in oil palootr
biosorbentTable 6 showsthe value of mean adsorption energy, E and treatinegression coefficient?for
each metal.
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Figure 10. Dubinin-Radushkevich (D-R) for (a) Cu, (b) Zn gl Pb.



Irshad Ul Haq Bhat et a//Int.J. ChemTech Res.2014,6(1),pp 163-177. 175

Nonlinear fit isotherm model

From the linear fit of isotherms model, it is obst that the biosorption of metal ions, namely @d a
Pb obeys the Langmuir, Freundlich and Dubinin-Rakesgich isotherm as it shows high linear regression
coefficients, R These results can also be validated by nonlifisaisotherm model. According to the data
obtained from biosorption of Cu and Pb by oil pabuot biosorbent the Langmuir isotherm correlatey veell
with the experimental values. Figure 11 shows tlomlinear fits of isotherm models given with the
experimental values. Table 4 summarizes the coefiic value of three different isotherm models @ar, Zn
and Pb, including the coefficients of determinat{Bf).
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Table 6. Coefficient value, E and?®f metal ions

Value of coefficient derived Metal ion
from D-R isotherm model Cu Zn Pb
E 9.64x10 1.85x10 1.11x10
R? 0.890 0.595 0.903
Conclusions

It has been shown that oil palm root biosorbent lsarutilized for the biosorption of Cu, Zn and Pb

metal ions. Increasing metal ion concentration detadthe increase of metal uptake capacity of aiimproot

biosorbent. The biosorption favours the neutrald@on as the maximum metal uptake capacity ocetifsH

7.0. The maximum removal efficiency for Cu and P @ported at metal concentration of 200 mg/L, nwae
150 mg/L is reported for Pb. Increasing of pH letwishe increase of removal efficiency of metalsiofhe

performance of biosorbents increases as the metakelin the mixed metal systems show higher mgttke

capacity, g compared to that of single metal system. The q¢isor studies showed that HY® a relatively
better eluents in recovering metal ions from olhpa&oot biosorbent. In conclusion, oil palm roobimiass has
great potential to become eco-friendly biosorb@antywhich can be utilized commercially for the rerabwof

selected toxic metal ions from aqueous solution.
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