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Scanning Electron Microscopy and Elemental Studies on Primary Film
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Abstract: Biofilm development on a surface is the net result of several physical, chemical and biological
processes and also it is a surface phenomena resulting in biocorrosion and biofouling process. Use of the
Scanning Electron Microscope (SEM) has also allowed an investigation of the C, O, Na, K, Al, 51, Ca and Fe
mtimate relationship between an antifouling paint matrix and it attached microbial community. Two

representative fibre glass panels were analysed for elemental oxides using scanning electron microscope and
energy dispersive spectrum. In the Laboratory condition Oxygen and Si are the domnated percentage of
element and it showed 44.98% and Si 19.54% and in the natural biofilm formation Si was showed at maximum

46.65%. Si concentrations have a variable association with Fe possibly as corrosion imtiation.
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INTRODUCTION

Biofouling in the marine environment is imitiated by a
conditiomng film consisting of orgamc compounds
followed by the initial colonizers-bacteria and microalgae-
on which macroscopic algae and invertebrates settle and
develop a complex community [1]. Biofilm development on
a surface 1s the net result of several physical, chemical
and biological processes and also it i3 a surface
phenomena resulting in biocorrosion and biofouling
process. Surface-associated growth leads to the formation
of biofilms, which can be defined as a consortium of
microorganisms which are immobilised at a substratum
surface and embedded in an organic polymer matrix of
microbial origin [2].

The biofilm is rich source of nutrients to another
trophical level. Tt serves as food for growth of invertebrate
larvae on the surface of submerged substratum like
underwater cable and other maritime structure. However,
this 18 a potential risk for increased biocorrosion events.

Very often biofilms are composed of mixed
communities of microorganisms and their metabolic
products. The predominant component of biofilms 1s
extracellular polysaccharide (s) (EPS), which accounts for
approximately 90% of the enveloping matrix polymers.
Exopolymer complexation with trace metals may impact
strongly on the availability of these micronutrients to
marine organisms and may be unportant in the downward
transport of trace metals and micronutrients in the ocean

[3]. Microbial EPS may also be a major compoenent of the
colloidal matter that has been proposed to bind trace
metals within an omon-like matrix of metal oxides or
hydroxides and orgamc compounds [4]. The polymer gels
are network of molecules interconnected by chemical or
physical crosslink’s. Electron probe microanalyses reveal
that microgels resulting from DOM polymer assembly are
generally rich in Ca and low in Mg and P [5]. The EPS of
the contributing microbial flora provide a major part of
the dry matter of biofilms. The EPS are usually acidic
heteropolysaccharide. Functional groups (e.g. hydroxyl,
carboxyl and phos phoric acid) associated with EPS exhibit
a high affinity towards certain metal ions [6]. Calcium ions
and the pH of the medium appear to play an important role
in the adhesion of EPS to surfaces[7].

MATERIALS AND METHOD

Cleaned panel of fibre glass (15x10cm), was deployed,
i duplicate, m surface waters (depth ~1m) at
Parangipettai boat jetty (Latitude 11°29° N; Longitude
79°46¢” E) and the control was maintained in the laboratory
condition for one month. On retrieval, the biofilm sample
in the panels were scraped individually using a nylon
brush and filter sterilised (0.2pm) seawater. Later the
sample was treated with HC] to remove organic material.
After several washings the sample was treated with HNO;.
Fmally, the sample was washed and spread on glass cover
slips for SEM observation and elemental analysis [&].
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Fig. 1: Fibre glass panels from the laboratory and the Environmental conditions Energy Dispersive X-rays
analysis
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Fig. 3: SEM study of primary film formation in environmental condition and its elemental composition
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RESULT AND DISCUSSION

SEM coupled with EDX has been extensively used in
biodeterioration studies [9-12]. Elemental chemistry of the
base material, attacked areas, abiotic deposits and biofilms
can be identified. In addition, presence, morphology and
distribution of microorgamsms within biofilms can also be
determined. The Fibre glass test panel was treated for
Scanning Electron Microscopy (SEM) and Energy
Dispersive X-rays analysis (EDX). The test panels was
washed and stored in a dehumidifying chamber. Each test
panel was viewed in the JOEL Electron Scanner-2000 by
spluttering of platinum metal atoms after the samples were
air dned and metal coated at 1 5KV. The spectral mapping
was performed at 1000x or above way EDX Genesis
software to detect the elemental composition such as C,
O, Na, Al S1, K, Ca and Fe and provide relative
concentrations.

In the
are the dominated percentage of element and it
showed 4498% and Si 19.54% respectively and
followed by carbon 17.71%, Mg 7.11%, Ca 3.93%,
Al 342% and K 1.32% Fig. 1.
biofilm formation Si was showed at maximum
46.65% followed by C1 17.70%, Al 12.63%, Na 6.82%,
Fe 5. 57%, K 4.94% and Ca 2.11%. In the natural biofilm
formation Fe was formed in addition to laboratory biofilm

Laboratory condition oxygen and Si

In the natural

formation. Fig. 2. Si concentrations have a varable
association with Fe possibly as corrosion imtiation.
Therefore, similar studies on biofilm will help to
understand the divergence in the biofilm formation on
different test panels.

Whereas the highest concentrations of SiO2 and SO2
were recorded associated with conidia. The chemical
composition associated with the fungal structures is
completely different from the initial composition of the
glass and the strongly deteriorated glass [13], although
the elements detected could be either remains of the mitial
glass network or part of the hyphal composition. In the
present study the highest concentrations of Si102 were
recorded associated with diatom in the fibre glass test
panels in both conditions.
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