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ABSTRACT
Discharge of heavy metals from metal processing industries is known to have adverse effects on the environment.
Conventional treatment technologies for removal of heavy metals from aqueous solution are not economical and
generate huge quantity of toxic chemical sludge. Biosorption of heavy metals by metabolically inactive non-living
biomass is an innovative and alternative technology for removal of these pollutants from aqueous solution. The
purpose of this work is to study the structural changes of the biomass Sargassum sp. on the metal adsorption. The
result showed that the biomass presents an uneven, compacted structure, crossed by large canals in the metal
adsorbed. The Rms score value -1.00 showed the alginate has higher specificity and efficiency towards the target
protein of the biomass Sargassum sp.
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INTRODUCTION
Biosorption of heavy metals from aqueous
solutions is a relatively new technology for the
treatment of wastewater [1]. Absorbent materials
(biosorbents), derived from a suitable biomass,
can be used for the effective removal and
recovery of heavy metallic ions from wastewater
streams. A few species of marine macroalgae,
commonly known as brown algae, exhibit high
metal binding capacities. These were higher than
those of other types of biomass and other
sorbents [2].
Biomass of brown marine macroalgae is a
renewable biological resource, which is available
in large quantities and can form a good base for
the development of biosorbent material [1].
Brown algae stand out as very good biosorbent of

heavy metals [3]. Their cell wall contain high
concentrations of alginic acid and sulfated
polysaccharides. It has been postulated that the
function of these polysaccharides, which are
absent in terrestrial plants, is to enable marine
algae to selectively absorb metallic ions in a
saline medium through ion exchange [4].
There are several chemical groups in biomass that
can attract and sequester the metals: acetamido,
amino, amido, sulfhydryl, sulfate, and carboxyl
[5]. The metal binding properties of the marine
algae were widely investigated, but the
mechanisms responsible are still poorly
understood. The unknown features of the metal
biosorption mechanisms of the brown algae cell
wall reduce their chances of being used as
competitive products when compared to well-
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known metal-removal processes, like synthetic
ion-exchange resins [6].The purpose of this
investigation is to study the structural changes of
the biomass Sargassum sp. before and after metal
adsorption and also to analyze the binding site of
alginate to the biomass by in-silico analysis.
MATERIALS & METHODS
PREPARATION OF BIOMASS
The biomass used in the present study is the
brown sea weed Sargassum sp. collected from
the southern coast of India. After harvesting it
from the sea, the samples are washed with
distilled water to remove the particulate
materials and salts from its surface. It is then
dried in an oven at 60C for 24 hrs [7].
SYNTHETIC EFFLUENT AND METAL
IONS ANALYSIS
Analytical grade NiCl2.6H2O, CuSO4.5H2O,
K2Cr2O7, CdCl2, HgCl2, ZnSO4.7H2O and
Fe(NH4)2(SO4)2.6H2O are dissolved in distilled
water in order to obtain a solution containing
nickel, copper, chromium, cadmium, mercury,
zinc and iron. These solutions have been used
for metal-biosorption experiments.
BATCH BIOSORPTION STUDIES
The influence of several operational parameters
such as Agitation rate, pH, Temperature and
Biomass size was investigated. The residual
ion concentration in the solution was analyzed
using atomic absorption spectrometry.
SCANNING
(SEM)

ELECTRON

MICROSCOPE

The surface morphology of algae is observed
using Scanning Electron Microscope (SEM).
After drying, the samples (0.71 to 1.0 mm) are
covered with a thin layer of gold (10nm) using a
sputter coater and observed using the scanning
electron microscope (20 kV) under vacuum of
1.33 × 10–6 mBar. The objective of this analysis
is qualitative and not quantitative.
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RESULT AND DISCUSSION
BATCH STUDIES
From the Table 1 it was observed that, the uptake
of heavy metal showed a sharp increase with an
increase in pH from 3.0 to 5. The maximum
uptake was observed in the acidic condition of
the metal solution. At pH values lower than 3.0,
the metal removal was inhibited, possibly as a
result of the competition between the ions on the
sorption sites. The uptake of heavy metal ions by
Sargasum sp. was evaluated varying the agitation
rate from 50 - 200rpm, temperature20-50°C,
biomass size range 0.1 – 0.8 mg. Result showed
that the adsorption capacity of algae remained
constant for agitation rate 150 rpm. The metal
uptake was increases at room temperature and the
biomass size of 0.5mg to 0.7mg. The maximum
metal uptake was shown in Table:1.
SEM (Scanning Electron Microscope)
The SEM analysis of Sargassum sp. Figure 1and
2 revealed important information on surface
morphology. It was evident from the micrographs
that the biomass presents an uneven, compacted
structure, crossed by large canals in the metal
adsorbed. The number of canals crossing the
biomass is higher than in the initial case. These
changes were probably caused when the samples
were exposed to heavy metal solution; the cations
replaced some of the cations initially present in
the cell wall matrix and created stronger crosslinking. Due to ion-exchange mechanism, the
heavy metal ions occupied the available free
binding sites.
DOCKING
Docking is frequently used to predict the binding
orientation of small molecule to their protein
targets in order to predict the affinity and activity
of the small molecule [8]. The binding site of
alginate in the Sargassum sp. is shown in the
figure 3. The Rms score value -1.00 showed that
the alginate has higher specificity and efficiency
towards the target protein. Alginate is the major
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structural polysaccharide found in brown
seaweeds. Chemically, alginate is a (1~4) linked,
linear copolymer of a-L-guluronate and β-Dmannuronate
arranged in block structures. Molecular formula
of the alginate is (C 6H8O6) n. Structure of alginate
is shown in the Figure 4.

4.

CONCLUSION
Sargassum sp. is selected for studying
biosorption due to its originality and to assess the
possibility of utilizing a waste biomass for the
removal of toxic heavy metals. Batch
experiments provided fundamental information
regarding optimum pH, temperature, agitation,
biomass size and maximum metal uptake.
Structural analysis by SEM shows that the
structure gets changed by forming large canals in
the metal adsorbed biomass. Rms value shows
the higher affinity of alginate with the biomass
Sargassum sp. Hence, the biomass Sargassum sp.
can be used for metal adsorption and to clean
waste water from the environment.
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S.No

Metal

pH

Metal Uptake
(mg/g)

Temp
(ºC)

Metal Uptake
(mg/g)

Rp
m

Metal Uptake
(mg/g)

Size
(mg)

Metal Uptake
(mg/g)

1

Cr

3

20.64

30

19.83

150

21.84

0.5

20.24

2

Zn

3

15.40

30

15.03

150

21.32

0.5

15.43

3

Ni

5

17.84

30

16.63

150

29.25

0.5

26.14

4
5

Cu
Cd

4
5

19.43
27.24

30
30

19.15
27.20

150
150

33.19
31.30

0.3
0.5

18.62
22.22

6

Hg
Fe

4
3

67.09

30
30

64.32

100
150

53.73

0.7
0.3

14.88

7

16.63

16.23

24.78

14.62

Table 1: Maximum Metal Uptake in Different
Parameters

Figure 1. SEM image of dead biomass Sargassum sp.
before metal adsorption

Figure 3. Docking of alginate with the algae
Sargassum sp

Figure 2. SEM image of dead biomass Sargassum sp.
after metal adsorption
Figure 4. Structure of Alginate
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