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ABSTRACT

The heavy metals biosorption by alginate immobilized durian seed biomaterial has been done in dry, gel bead and
non-immobilized. Immobilization of durian seed powder into alginate was able to improve the performance of the
biomass in adsorption process, increasing the uptake capacity, facilitate the separation of the biomass from the
solution, can be regenerated without damaging the structure of the biomass and used repeated bio-sorbent. In this
study specifically studied the effect of pH on the uptake capacity of metals such as Pb(l1), Cu(l1), Cd(I1) and Zn(I1)
on durian seed non immobilized and alginate immobilized biosorbent. pH was obtained for each metal ionswas at
pH 4-5 for Pb(Il), pH 5-6 for Cu(ll) and Cd(I1), pH 4-5 for Zn(l1) in alginate immobilized(dry and gel bead), non-
immobilized and Ca-alginate matrix respectevely. The order of the uptake capacity was: alginate immobilized dry
bead>non immobilized> gel bead> Ca-alginate.
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INTRODUCTION

Heavy metal contamination of water has become dn&eo most serious environmental problems todayTfg
heavy metals are non-degradable in the environhanthcan be harmful to some living species. BeHigetoxic

and harmful effect to organisms living in watemr\yhare also accumulate throughout the food chainnaay effect
of human health [2-3].

The contamination heavy metals such as lead, cadmiopper, and zinc can from industrial activitesh as
mining, pigments, batteries, paints, ammunitionirgde cable, alloys and steel, plastics, industrigass,
electroplating, electrolysis, photography, burniogl, industrial printers and the like [2,4-6].

The conventional removal methods for heavy metadmfwater and wastewater such as chemical pretipita
solvent extraction, reverse osmosis, filtrationn iexchange, coagulation electro-dialyses electtadion,
adsorption and biosorption [7]. Among these methbdssorption is attractive methods which invohssdption of
dissolved substances by biomaterial. The main ddganof this technique can be ordered: low opegatiost,
improved selectivity and reusability of biomateristhort operation time and no production of secondampounds

[8].

The bio-sorbents can from agriculture waste or dwyeby product such as rice husk [@gimum bacilicum
seeds[10], sour-sop seethfona muricata) [11], saw dust [12]. The biosorption of heavy alety these materials
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might be attributed to their carbohydrates, praei@and phenol compounds having carboxyl, hydrozylfate,
phosphate and amino groups [13].

Durian Qurio zbethinus) consists of cellulose (60.5 %), holocellulose.$?8) and hemicellulose (13.1%)[14],
these characteristics make durian seed can be hesad/ metals bio-sorbent. Research on alginate Iilined
durian seed as heavy metals bio-sorbent no repbstesther researchers. Preliminary research has berlied
biosorption of Zn(ll) using durian seed bio-sorb§hb]. Durian seed powder have disadvantaged inwheer,
where it have polysaccharide gums are highly hykitimpsubstance that are soluble or dispersiblevater [16]. It
can granulation in aqueous solution and difficsltie separate from aqueous solution.

In industrial operation, immobilization is one dfet methods used to overcome the incorporating Stspended
biomass in wastewater treatment. It offers sevadabhntages include minimal clogging in continuoystesm and
can be regenerated [17]. The bio-sorbent are easgparate from the reaction system and can beeeged [18].
Biopolymer such as alginate are widely used asabilization matrices as they are non-toxic andcedfit [19].

The present study was conducted to determine titieyadf immobilization biomass of durian seed ilgimate (gel
and dry bead) and non-immobilized. The objectif/¢he present work was investigated the effect lefgn the
biosorption heavy metals by alginate immobilizedialu seed bio sorbent.

MATERIALSAND METHODS

Reagents
All analytical grade chemical reagents includingNrBs),, Cd(NG;),, Cu(SQ),, Zn(SQ),, HCI, HNG;, CH;COOH,
NaOH, NH,OH, sodium alginate, Cagktc., used in these studies were purchase fronrskMeermany.

Preparation of Bio-sorbent

Durian seed samples collected from local mark&ddang West Sumatra, Indonesia. Before use, theywashed
with water several times to remove surface impesiti Samples were cut into thin slices with a eiz&-2 cm and
then sample was dried at room temperature anddfied in oven at 60°C for 24 hours. The dried dusaed were
ground using a grinding mill and then milled in gieve with a particle size of 72 um and storedlass containers
until use for biosorption experiments.

Pretreatment Biomaterial With Acidsand Alkali.

Durian seed powder 10 g was soaked in a solutiodM®; 0.1 M, 0.1 M NaOH, 0.1 M HCI, C}£OOH 0.1 M
with a ratio of 1: 10 and then shaker for 2 hour§GD rpm. After that filtered and washed with dlistd water until
pH of about 6-7. Durian seed treated was driedhiowen at 68C for 24 hours and crushed to get particle sizé2of
um.

Bio-sorbent immobilization.

The employed cross-linking procedure with calciulgireate was an adapted version of the method oérfeate
[20].For alginate immobilized durian seed 2% polyrakginate solution is prepared by dissolved 2d\afalginate
in 100 mL of deionized and subsequent agitation4f@& hours with a magnetic stirrer at 100 rpm aot/per
suspension with 2g durian seed powder. The mixiuare introduced into a solution containing 0.2 M Gadith a
syringe and the solution was stirred to preventeggtion of the durian seed entrapped in Ca-algibatd. Beads
(2-3 mm) were hardened in 2% Ca&blution for 24 hours. Furthermore, beads were e@shith distilled water
while stirred with a speed of 100 rpm for 30 mirsuéad 3-5 times repeated until neutral pH. Beadselil into two
form dry and gel beads. Dry beads were dried amnrtemperature and stored in a desiccator and gelsbeere
stored in distilled water at 4°C.

Metal ions uptake studies.

Biosorption of Pb(ll), Cd (II), Cu(ll) and Zn(Il)ons on plain Ca-alginate beads, free and algimataobilized

durian seed were carried out in batch system. Tleeteof pH on the biosorption rate was investigaite the pH

range 2.0-7.0 (which was adjusted with HNSD NaOH at the beginning of the experiment) 82 Bolution 20 mL
containing 10 mg/L of each Pb(ll), Cd(ll), Cu(llné Zn(ll) ions and bio-sorbent were stirred at ¥pth. After

adsorption periods (60 min for non-immobilized) &80 min for immobilized), the aqueous phases weparated
from the adsorbent and the residual concentratainihe metal in these phases were measured by fisimg

Atomic Absorption Spectroscopy.

The uptake of metal ions was calculated from a hme#ss balance using a following equations:
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Qe=(Co-Ce) .V.............(D)
m

Where: Qe is (mg) metal ion per (g) dry bio-sorbefo and Ce are the initial and residual metalceatration
(mg/L)respectively, V is Volume (L) of metal ionsjs bio-sorbent mass (g).
RESULTSAND DISCUSSION

3.1. Effect of Chemical Pretreatment.
Effect of the chemical pretreatmenton the uptalgciy can be seen in Figure 1.
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Figurel: Effect of treatment durian seed powder on biosor ption of Pb(l1), Cu(l1), Cd(ll) and Zn(ll) ions(pH of metalsion was5,
contact timewas60min, agitation speed was 150r pm, mass of bio-sorbent 0.1gand concentration of solution was 10mg/L)

Treated durian seed powder with mineral acids, @l HNQcan the uptake capacity is decreased without
acidified, that was caused immersion using strazigsaoccur gelatinization, gel formation due to pewslightly
soluble in strong acid or a process of hydrolyBigtian seed polysaccharide contains which mostgamigharides
are pectin and gum compounds. The pectin in sta@ig)solution can be extracted and release opdeder into a
solution it will break the chain of polysaccharidedich can damage the surface structure and redsite active
on the surface bio-sorbent. The presence of g#hénsolution will be difficulties to separated triite will slow
down due to high viscosity of the solution. Trea#ed strong bio-sorbent when contacted with métaisndicated
that the uptake capacity of the metal ion decreasBdrian seed was treated with NaOH solution, uptake
capacity of the metal ions increased. This couldlie to with NaOH solution non-gelatinization, itliee able to
open surface pores bio-sorbent and site activepgvwawuld negatively charge, so it will be able torease uptake
capacity metals ion. Removal Cu(ll) by Rubber Igédvea brasilinesis) biomass treated with NaOH reported [21].

Treated bio-material with acetic acid non-hydridysarboxyl site active groups on the surface ofzterial. In
acetic acid (CKHCOOH) contain hydroxyl groups, in the presenceilitlve able to added existing functional groups
on the biomaterial surface, the uptake capacityetincreased. Biosorption of Pb(ll) using originednge peel and
protonated HN@ adsorption capacity 2 mmol/g (40% dry weightaatoncentration of 300 ppm reported [22] and
peanut shell modified with formaldehyde and pyridin the adsorption of Pb, Cd, Cu, Zn and Hg with iptake
capacity obtained was 5.01; 3.63; 2.18; 1.82 aB8 ing/g respectively while the modified pyridinetained was
2.64; 3.63; 2.48, 6.92; 1.91 respectively for P8, Zn, Hg and Cu [23].

Entrapment biomaterial durian seed into Ca-algiteted order to obtained alginate immobilized bidseat that
have mechanical properties strong, resistant idi@sblutions, easy to separated, minimize cloggimgproved the
uptake capacity and can be regenerated. Diametegaafs 2-3 mm gel and 1 mm dry bead. Alginate ibilized

durian seed bio-sorbent is depicted in Figure 2.
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Figure2: Non immobilized (A), gel(B) and drybead(C) bio-sorbent.

3. 2. Effect of pH

3.2.1. Non Immobilized Bio-sor bent

The initial pH of the solution is a very importgrarameter for studying the process of metal bidgmrg24]. This
is related to the capability of the hydrogen iompetition with the active site on the surface biobgent [25]. Effect
of pH on the biosorption of metals ion Pb(ll), Gu(ICd(ll) and Zn(ll) on non-immobilized bio-sorberesults are
shown in Fig 4.
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Figure 4: Effect of pH on the uptake capacity of Pb(l1), Cu(ll), Cd(Il) and Zn(ll) on non- immobilized. (initial concentration 10 mg/L,
particle sizeis 72 um, bio-sorbent massis 0.1 g, contact timeis60 min, stirring speed is150 rpm)

The pH of ion Pb(ll), Cu(ll), Cd(Il) and zZn(Il) werstudied from 2-7. From Figure 4 shows that tlusdaiption at
low pH (2-3) gives lower uptake capacity, it wagsdese of competition hydrogen ion with metals ibtha active
sites [26].Surface of bio-sorbent was more neghtigharged as the pH of solution increased 3 foh& functional
groups of the biomass were more deprotonated argatmailable for the metals ion [1]. Effect of pH the uptake
capacity of Pb(Il), Cu(ll), Cd(ll), Zn(ll) on nomimobilized obtained optimum at pH 4-5 with uptakepacity
1.688 mg/g, 1.385 mg/g, 1.681 mg/g and 1,84 mggpeetively. Studied biosorption of Pb(ll) ion ore tehell and
seeds of litchi, obtained pH 5 on seed and pH 3tail with the uptake capacity of 0.9691 mg/g artb60 mg/g
respectively [11]. Biosorption of Cu(ll) on sunflewhulls and occurred pH at 5 [27]. Biosorption@if(ll) used
seedOcimum bacilicum at pH 5 with uptake capacities was 60.5 mg/g.[28]

3.2.2. Alginate immobilized durian seed(gel and dry beads).

Effect of pH on alginate immobilized durian seed-borbent were studied in a gel, dry beads andl@aate as a
control at pH 2-7 for initial metal concentratiohld® mg/L. Effect of pH on uptake capacity biotsent result are
shown in Fig 5-7.

297



Hermansyah Aziz et al Der Pharma Chemica, 2016, 8 (5):294-300

The uptake capacity was decreased at acidic pH f@Zu(ll) ions and increased at pH 4-6. Cu {®is, optimum
pH obtained at pH 5 for dry bead with the uptakpacity of 1,729, Ca-alginate between pH 5-6 withakp
capacity 0.985 mg/g and the gel bead was pH 6 thiéhuptake capacity 1.413 mg/g.
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Figure5: Effect of Ph onthe uptake capacity of Pb(l1), Cu(l1), Cd(l1) and Zn(l1) on alginateimmobilization durian seed (gel bead).
(Initialconcentration:10mg/L ; volume of solution: 20 mL ; mass of bio-sorbent: 0.1g; agitation: 120 minutes; stirring speed: 150r pm)

25

—e—Pb

15

Qe (mg/g)

05

0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 1 2 3 4 5 6 7 8

pH

Figure 6: Effect of pH on the uptake capacity of Pb(l1), Cu(ll), Cd(Il) and Zn(Il) on alginateimmobilization durian seed (dry bead).
(Initial concentration:10mg/L; volume of solution: 20 mL; mass of bio sorbent: 0.1g; agitation:120 minutes; stirring speed: 150r pm)
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Figure7: Effect of pH on the uptake capacity of Pb(l1), Cu(ll), Cd(I1) and Zn(ll) on Ca-alginate bio-sorbent. (I nitial
concentration :10mg/L ; volume of solution : 20 mL ; mass of bio-sorbent : 0.1g; agitation: 120 minutes; stirring speed: 150r pm)

The uptake capacity of Pb(ll), Cu(ll), Cd(ll) and(@) ondry bead bio-sorbent increased than thebgald and Ca-
alginate due to alginate immobilization durian seelll work together to biosorption of heavy metatssolution.

Ca-alginate has sufficient ability to biosorptioetals ion because the presence of carboxylic groopbe surface
of bio-sorbent. Carboxylic groups, this would bebcylate ion at a pH of 5-6 where surface of lmdognt will be

negatively charged. Site active surface alginateaiilization will also negatively charge with inasing pH.

While solution pH above 6, the &tions precipitate and making the biosorption imfieg17]. The optimum pH
obtained for each metal ion Pb(ll), Cu(ll), Cd@hd zZn(ll) at pH 4-5 for dry bead, gel bead andatgrate.The
Uptake capacity Cd(ll) by alginate immobilizatiadhry bead) 1.930 mg/g at pH 5, gel bead 1.476 mgfiHa5 and

Ca-alginate 0.774 mg/g at pH 6.

The uptake capacity of Zn(ll) on dry bead from 598 2.016 mg g at pH 4-5, gel bead 1.0 mg/g abpihd Ca-
alginate 0.66-0.669 mg/g at pH 5-6.The order effégH on uptake capacity metals ion Pb(Il), Cu(@d(Il) and
Zn(ll) obtained were dry bead> non immobilized>dmad>Ca-alginate. The capability biosorption algina
immobilization dry bead larger than non-immobilizadd Ca-alginate due to the synergistic effectlgihate with
carboxyl group and durian seed have carboxyl artitdxyl groups. Several studies reported that imiieztion
generally increase metal accumulation by biomasssdption of Cu(ll) using Penicillium citrinum free and
immobilized alginate have been studied. Optimalguidorption obtained at pH 5 with uptake capacit$.88 mg/g
for the immobilization and 3.30 mg/g free bioma&$§][ Biosorption of Cu(ll) using Ca-alginate xerbgad
alginate immobilized~ucus vesiculosus, optimum pH at 5.12 for Ca-alginate and 5.1 imrtindéd [29]. Adsorption
of Cu(ll) using alginate immobilized kaolin withm®val percentage of 79.43% at pH 5[30] andadsanpifaCu(ll)
using alginate immobilized bentonite clay and optimpH at 4-5 with initial concentration 400 mg/Ldan
adsorption capacity of 53.86 mg/g and 52.39 mg/g].[Biosorption of Cu(ll) and Pb(ll) using loquagalf
(Eriobotria japonica) modified and optimum Cu(ll) and Pb(ll) ions & g [32].

Biosorption of Cd(ll) ion using rice straw are abtd optimum pH at 5 with efficiency 47% [9]. Biaption of
Cd(ll) on grapefruit peel optimum pH at 5 [3]. Bawption of Zn(Il) using powder Cow Hooves and pHsaiption
of Zn at pH 4 with adsorption efficiency of 94.5%83] and biosorption of Zn(Il) obndaria pinnatifida obtained at
pH 4[34].

CONCLUSION
Alginate immobilized durian seed can be overcongedisadvantages of durian seed powder in acidisoluCa-

alginate immobilized durian seed studied in thenfaf a gel and dry bead and used for biosorptiomefal ions
Pb(Il), Cu(ll), Cd(ll) and Zn(ll). The heavy methlosorption studied the effect of pH on the uptakeacity of
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heavy metals ion. The effectof pH to uptake capaui¢tal ions optimum obtained for each metal ioesdarpH 4-5
for Pb(ll), pH 5-6 for Cu(ll), pH 5-6 for Cd(Il) redpH 4-5 for Zn(ll) in alginate immobilized (drynd gel bead),
non-immobilized and Ca-alginate. The order of upta&pacity for bio-sorbent is: dry bead> non- imitiwdd> gel
bead> Ca-alginate.
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