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The functional group on marine algae (Sargassum crasifolium) has
been modified using NaOH, formaldehyde and citric acid as a modifier.
The modified of algae is used for the Pb(II) uptake. The experimental
results showed that the modification of functional group on algae
Sargassum crasifolium using NaOH much better than formaldehyde
and citric acid, with the sorption capacity 1.25 mg Pb/g algae followed
by 0.83 and 0.69 mg Pb/g algae powder for formaldehyde and citric
acid modification, respectively.
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INTRODUCTION

Stringent environmental regulations required the treatment of wastewater to
remove toxic heavy metals. The conventional physical-chemical techniques such
as reverse osmosis, chemical precipitation, ion-exchange and membrane separation
process may present difficulties in the metal uptake from industrial wastewater as
they proved to be costly for industries1,2. Biosorption process has been suggested as
a potential alternative to the existing physico-chemical technologies for the detoxifi-
cation and heavy metal uptake from wastewater3,4. Biosorption refers to different
modes of non-active metal uptake by biological material or agricultural by-product
where metal sequestration by cell wall can take place through adsorption, ion-
exchange, complexation, etc. Numerous functional groups namely, amino, thiol,
carboxyl, sulphydryl, carbonyl, hydroxide, imidazole and amide moieties have been
suggested as the possible functionalities groups responsible for the binding of metal
ions5-7.

The contribution and characterization of the binding metal ions with the func-
tional groups on the biomaterial have been reported elsewhere. The carboxyl and
sulphonate metal has been checked by using potentiometric titration with the pH
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dependent while the carboxylate and diamine functionalities using NMR spectrom-
etry. The thiol and amino groups metal binding have been examined using
N-malcimide and glutaraldehyde blocking agent8-10.

Among the huge diversity of the biomaterial available, algae have already proved
to be the most promising material for metal uptake and concentration11-13. Although
the metal binding performance of algae biomass has been well described, but no
report on the modification of their functional groups in order to increase sorption
capacities has been cited. The aim of this study is to modify the functional groups
on algae powder to enhance Pb(II) uptake from wastewater.

EXPERIMENTAL

The marine algae biomass used in this study was collected from Padang, Indonesia.
Fresh samples were harvested, washed clean with deionized water and sun dried.
The samples were then dried at 60 ºC in an oven and ground to powder within the
particle size 180-250 µm.

All chemicals used were of analytical reagent grade or better and obtained
from E. Merck (Darmstadt, Germany) unless otherwise noted. Standard solution of
Pb(II) were prepared by dilution of a 1,000 mg Pb/L prepared from its nitrate salt.
Sodium hydroxide, formaldehyde and citric acid were used for the modification of
algal functional groups.

Modification procedures:  Algae powder was treated in a different chemical
modification on the following way: 3 g of materials were placed in 100 mL backer
glass and 25 mL of each modification reagent at different concentration was added.
The slurry was stirred at room temperature (ca. 28 ºC) for 4 h and the liquid was
discarded. The treated algae powder then washed with deionized water to remove
unbound modifier.

Biosorption procedure:  All biosorption properties were studied in batch
experiment. Each vial contained 0.3 g (dry weight) modified algae powder and 30
mL of 10 mg L-1 Pb solution. The vial is then were shaker at room temperature (ca.
28 ºC) for 4 h in a rotary shaker at 30 rpm. The solution of pH was kept constant at
5. The Pb(II) ion concentration which remained in the supernatant was determined
by atomic absorption spectrometry (Analab, England). All experiments were
carried out twice and the average value is reported.

The Pb(II) uptake capacities by algae powder for the construction of sorption
was determined with the following equation12:

Q = Vx(Co-Ci)/1,000 W

where V is the volume of solution in batch experiment, Co is the initial concentration
of Pb(II) in the solution (mg L-1), Ci is the final concentration of Pb(II) in the solution
(mg L-1) and W is the mass weight of algae powder (g).

Vol. 21, No. 3 (2009)   Modification of Functional Groups on Marine Algae Powder for Pb(II) Uptake  2033



RESULTS AND DISCUSSION

Effect of NaOH pretreatment on Pb(II) uptake:  Structurally, algae powder
consist of lignin, cellulose, hemicellulose and protein which make them effective
sorbent for divalent metal cations such as Pb(II). The extent of surface binding on
algae cell surface may also be generalized by mass law equation, e.g.,

SH + Pb2+ ←→ SPb+ + H+

where S is designed a deprotonated bidentat surface group or chelating site such as:
NH2-R-COOH, R-(COOH)2, OHR-COOH dan NH2R-CH2-SH.

Effect of NaOH pretreatment on Pb(II) uptake by algae powder is shown in
Fig. 1. As seen in Fig. 1, treatment with 0.6 mol L-1 NaOH increasing Pb(II) uptake
by algae surface from 0.28 to 1.25 mg Pb(II)/g algae. NaOH might increases the
net negative charge on the algae surface by stabilizing surface lipid and or by
removing base-solution tannins. At the same time, acetyl groups present in the
surface of algae was hydrolyzed to amino groups. Which has electron pair available
for coordination with Pb(II) ion.

Fig. 1. Effect of concentration of NaOH on modification of functional group of algae
Sargassum crasifolium for the Pb(II) uptake

Effect of formaldehyde pretreatment on Pb(II) uptake: General scheme of the
type of chemistry occurring during the formaldehyde treatment is non-protonated
amino groups on amino acid (e.g., lysine) present in the algae surface to form
hydroxylamine. The hydroxylamine combines slowly with amino, amide or imidazole
groups of amino acids to form relatively stable intra or inter molecular cross-linked.
Formaldehyde can also react with peptide groups to form acid stable compound.
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Algae-NH2 + H-COOH → Algae-NH3OH → Algae-NH=CH2

The results are shown in Fig. 2. As seen in Fig. 2, the Pb(II) uptake are increases
with increasing formaldehyde concentration up to 10%, with the sorption capacity
0.83 mg Pb(II)/g algae powder, compared without formaldehyde pretreatment, where
the Pb(II) uptake is 0.27 mg g-1.

Fig. 2. Effect of Concentration of formaldehyde on modification of functional group of
algae Sargassum crasifolium for the Pb(II) uptake

Effect of citric acid pretreatment:  The algae contain 25-37 % of alginic acid
on a dry-weight basis. Alginic acid, a linear polysaccharide of β-D-mannuronic
acid and a-L-guluronic acid, is a main cell boundary constituent of Sargassum
crasifolium algae. The interaction of a metal with an algae cell will thus normally
involve the following steps: diffusion of the metal from the bulk solution to the
biological surface; sorption surface complexation of the metal at passive binding
sites within the protective layer or at sites on the outer surface of the plasma membrane;
uptake or internalization of the metal (transport across the plasma membrane). The
biological end points that are normally considered as indicators of bioavailability
for phytoplankton include metal bioaccumulation (sorption, uptake), as well as
metal effects on such processes as photosynthesis, respiration, motility and growth,
much depend on the solution of pH on the suspension. Thus, the acidic conditions
play role in the metal uptake by algae.

The effect of citric acid pretreatment of algae on lead uptake is shown in Fig. 3.
From the Fig. 3, it seen that when citric acid concentration was changed from 0 to
20 %, the lead uptake was increased with increasing citric acid concentration up to
10 %. Where Pb(II) uptake by algae powder was increased from 0.27 to 0.69 mg g-1.
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Fig. 3. Effect of Concentration of citric acid on modification of functional group of algae
Sargassum crasifolium for the Pb(II) uptake

In conclusion, the present study showed that the chemical modifications can
affect metal sorption capacity on the marine algae Sargassum crasifolium.
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