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ABSTRACT
Dried biomass of three seaweeds namely Ulvafasciata, Sargassumwightii and Gracilariacorticata were treated with or without
heavy metal Chromium (VI) at 100 ppm concentration. These samples were subjected to Fourier Transform Infrared Spectral
(FTIR) and Scanning Electron Microscopic (SEM) analysis. The FTIR analysis for surface functional groups of pretreated
seaweed biomass revealed the presence of –OH, -NH, C-O, C-O-S, CH2,CH3C-O-S and ether sulphate C6 linkvibrations were
significantly increased or decreased in wave number or missed from the band in Cr(VI) treated samples. It was due to the
predominant interaction of that functional groups with the heavy metal, Cr (VI). Similarly the SEM micrograph of pretreated
and Cr (VI) treated biomass showed some morphological differences. These results led to conclude that seaweed biomass could
be used as biosorbent to remove heavy metals from waste water and industrial effluents.
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1. Introduction
The ocean, which is called the mother of origin of life is also the source of structurally unique natural products that are
mainly accumulated in living organisms [1]. The marine micro organisms, seaweeds, soft corals, fungus, sponges,
bryzoans, tunicates, annelids, holothurians, molluscs, echinoderms are the major groups studied as source of bioactive
molecule. These bioactive compounds have been used as a source of food industrial raw materials, in therapeutic and
botanical application for centuries [2][5].
Phytochemical progress has been aided enormously by the development of rapid and accurate methods of screening
plants for particular chemicals by chromatographic techniques [9]. Infrared spectroscopy is the best means of
identifying functional groups in the molecule without harming the sample in any way. Being a technique for
qualitative and quantitative analysis of the samples, the absorption bands of the functional groups arise from stretching
and deformation vibrations. Similarly Scanning Electron Microscopy (SEM) is a powerful techniquethat can be used to
investigate binding of metals to seaweed [15] SEM allows us to evaluate morphological changes in the surface i.e.
changes in the cell wall composition after metal binding [12]. In the present study, an attempt has been made to
identify the functional groups of the components present in the heavy metal Chromium (VI) treated and pretreated
seaweed biomassusing FTIR techniques and characterize the macroalgal surface morphology using Scanning Electron
Micrographs.

2. Materials and Methods
2.1 Preparation of seaweed biomass
For the present study, seaweeds viz; Ulvafasciata, a green alga, Sargassumwightii, a brown alga and
Gracilariacorticata, a red alga were collected from rocky coasts of Kanyakumari District. The collected samples were
washed gently with seawater to remove all the extraneous matter and brought to the laboratory in plastic bags. Then
the samples were thoroughly washed with distilled water, blotted, shade dried, powdered, sieved and preserved in
polythene bags for the analysis.
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2.2 Preparation of heavy metal solution
Heavy metal Chromium (VI) stock solution (100ppm/L) was prepared by dissolving analytical grade potassium
dichromate, 100mg in onelitre deionised distilled water.
2.3 Forurier Transform Infrared Spectral (FTIR) analysis
The FTIR spectrum was evaluated for pretreated (control) seaweed biomass and Chromium (VI) treated seaweed
biomass using FTIR (Perkin Elmer). Powdered samples of 1.0 mg of pretreated and experimental (100 ppm Chromium
(VI) treated) seaweed samples were mixed in a mortar with 99 mg of dried potassium bromide (KBr, 1R grade). The
mixture was then pressed in a special disc (French Press) to yield a transparent disc. The disc was then held in the
instrument (FTIR, Perkin Elmer beam) for spectroscopic examination and the resulting IR spectrum was recorded.
2.4 Scanning Electron Microscopy (SEM) analysis
SEM analysis was carried out using Hitachi S4000 SEM system in Sophisticated Test and Instrumentation Centre,
Kochi. Dehydrated seaweed biomass and metal exposed seaweed samples were attached to 10mm diameter metal
mounts using carbon tape and sputter coated with gold under vaccum in an argon atmosphere. The coated samples
were subsequentlyanalysed at a voltage of 10ke V.

3. Results and Discussion
3.1 Fourier Transformation Infrared Spectroscopy(FTIR)

Fig. 1 FTIR spectrum of U. fasciata (control)

Fig. 2 FTIR spectrum of U. fasciata (Chromium (VI) treated)
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Fig.3 FTIR spectrum of S. wightii (control)

Fig. 4 FTIR spectrum of S. wightii (Chromium (VI) treated)

Fig.3 FTIR spectrum of G. corticata (control)
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Fig. 4 FTIR spectrum of G. corticata (Chromium (VI) treated)
The results of FTIR spectrum of pretreated seaweed biomass (control) and heavy metal, Chromium (VI) treated
seaweed biomass are illustrated in fig. 1 to 6. The Infrared spectrum for the control (pretreated) seaweed biomass of U.
fasciata, S. wightii and G. coticata display a hydroxyl (-OH) and –NH stretching band at 3400.27 and 3317.34 cm-1.
After chromium binding, the spectra exhibited clear shifts at those regions. So a significant reduction in distance was
observed in the hydroxyl and –NH stretching band of S. wightii (3400 to 3280 cm-1) and G. corticata(3317 to 3280 cm1
). But in U. fasciata, insignificant reduction in distance (8cm -1) was observed [4][6] reported that the reduced distance
between bands after metal binding was due to the metal coordination sites on seaweeds include hydroxyl, carbonyl and
ether group with cations in a variety of different ways which lead to the variation in wave number values of hydroxyl
stretching frequencies. [12] studied on the mechanism of the absorption of heavy metal cadmium by Sargassum
biomass indicates that the change in band structure was due to nitrogen hydrogen band structure in amino group also
confirmed in the present findings.
Similarly, the bands at 2963.31 and 2964.39 cm-1 are the characteristic bands for C-Hstretching vibration in the
unloaded U. fasciata and G. corticata also shifted to lower level i.e. 2923.75 and 2923.68 cm -1 respectively in the
Chromium(VI) treated samples. It indicated that significant involvement of C-H stretching band in the binding of
Chromium (VI) to seaweed biomass viz;U. fasciata and G. corticata. But in S. wightii, the C-H stretchingband was
missed in chromium (VI) treated sample. It was due to the predominant interaction of that group with chromium.
Strong bands at 1670.24cm-1 showed the presence of carbonyl (C-O) group was found to be lower in chromium (VI)
treated samples, which may be probably due to the conjugation. It was similar to the reports by [8] in
Sargassumfluitans. They suggested that these legends might form internal complexes with other electro-philic groups
in the biomass.
The bands at 1460cm-1 and 1370cm-1 showed the presence of asymmetric and symmetric deformation of CH3 and CH2
banding vibrations respectively. In Chromium(VI) treatedU. fasciata, S. wightii and G. corticata the CH3 band was
increased than the pretreated samples, but the CH2 band was decreased in chromium treated samples. Similarly the
bands at 837cm-1 showed the presence of C-O-S group in control samples and increased in chromium treated samples.
In U. fasciata and S. wightii, esthersulphate C6 link vibration was observed in control samples. It was significantly
increased in wavelength(815 to 853, 815 to 880cm-1) in Chromium (VI) treated samples, suggesting that group
involved in the biosorption process. A few other functionalities like HC=CH, OH banding and OP substitutions of
benzene ring observed in all three control samples that were missed or increased in wavelength in chromium treated
samples, indicated that these groups also involved in the interaction withChromium. Similar results for the biosorption
of heavy metal on different species of seaweeds has been previously reported by others [11][10].
3.2 SEM analysis
The SEM micrographs of pretreated (control) and chromium (VI) treated seaweed samples are presented in Fig 7 toFig
9.From the Fig 7(a&b), it could be noticed that significant morphological differences between the control and
Chromium (VI) loaded Ulvafasciata. The raw U. fasciata showed the presence of folded structures which were
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arranged in quite a regular pattern on the surface. But in Chromium (VI) treated image, those structures were not
found. The ridge structures originally present in the raw seaweeds were still visible in the Chromium (VI) loaded
sample to a lesser extent, indicating that some changes in surface structures have taken place after Chromium(VI)
binding. These results were coincided with the findings of [11] on the SEM micrographs of U. fasciata, a green alga
loaded with or without the metal of Cu (II) and Cr (III).

Fig. 7(a) SEM Micrograph of
U. fasciata(control)

Fig. 7(b) SEM Micrograph of
Cr (VI) loaded U. fasciata

Similar to U. fasciata, some morphological differences were observed between the pretreated and Chromium (VI)
loaded brown alga, Sargassumwightii Fig 8(a&b). On the surface of pretreated S.wightii, protuberances and
microstructures were observed. [4]studied on the raw Sargassum sp. and suggested that protuberances and
microstructures on the surface may be due to the calcium and other salt crystalloid deposition. Although the surface
appears roughness in the Cr(VI) loaded S. wightii, some microstructures also appeared in that. According to [7]these
morphological changes were due to the binding of chromium (VI) with alginic acid and sulphated polysaccharides
embedded in the matrix of S. wightii.

Fig 8(a).SEM Micrograph of
S. wightii(control)

Fig8(b). SEM Micrograph of
Cr (VI) loaded S. wightii

The SEM micrograph of GracilariacorticataFig9(a&b ) revealed the presence of folds on pretreated seaweed surface.
But the number of folded structures were fewer and less pronounced. In the Cr(VI) loaded G.corticata (Fig.9(b)), a
significant change in morphology was observed. It appears to bring about an increase in surface roughness compared to
the raw seaweed by altering the surface folding of polymer chains. This result was in contrast with those obtained for
U. fasciata. Electron Microscopic studies on the structure of G. corticatathallus by [14], revealed the presence of high
content of sulphur with metals like zirconium, chromium, zinc, iron and potassium could be produced the changes in
surface morphology of G. corticata.
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Fig 9(b). SEM Micrograph of
Cr (VI) loaded G. corticata

4. Conclusion
The present investigation on the infrared spectrum of pretreated and Chromium(VI) treated seaweed biomass showed a
significant increased or decreased in wavenumber of some functional groups like –OH, -NH, CH, C=O, C-O (ether), CO-S and ether sulphate C6 link vibrations. A few other functionalities like HC=CH, OH binding and OP Substitution
of benzene ring observed in control samples were missed in the chromium treated samples. The SEM micrographs of
control and Chromium (VI) treated seaweed samples showed morphological differences. It would be concluded that
dried seaweed biomass could be used as a bio-sorbent to remove heavy metal from waste water and industrial effluents.
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