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Abstract

Microorganisms produce microbial biofilms,
a structured community of cells enclosed in a
self-produced polymeric matrix that is
adherent to inert and living surfaces. In turn,
this biofilm provides a protective shield for
the microbes to thrive and resist damage from
many extreme environmental conditions. In
industry, biofilms lead to biofouling that
inhibits heat transfer, increases energy
consumption and shipping costs, and causes
biocorrosion. In this study, the influence extra
cellular polysaccharide produced by algae (or)
diatom has to be studied. Because the
extracellular polysaccharide polymers can
bind microbes to surfaces and can cause
physical modification of the  microbial

environment. Since uronic acids appear to be
the components of these extracellular films
that are most concentrated in a location
outside the cell membrane, a quantitative
assay for uronic acids was developed. To
achieve this, an inhibitor which is used to
inactivate the extracellular polysaccharide
produce by algae cell wall was used to protect
mild steel in an algal environment was
reviewed.
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Introduction

Microbial-influenced corrosion (MIC) can be defined as the deterioration of metals by natural processes directly
or indirectly related to the activity of microorganisms [1]. Microorganisms tend to attach themselves to the solid
surfaces, colonize, proliferate, and form biofilm which may in turn produce an environment at the biofilm/metal
interface radically different from the bulk medium in terms of pH, dissolved oxygen, organic and inorganic
species. Since the biofilm tends to create non-uniform surface conditions, localized attack might start at some
points on the surface leading to localized corrosion, usually in the form of pitting. Industrial systems are likely to
contain various structures where microbiologically induced corrosion (MIC) and biofouling can cause problems
open or closed cooling systems, water injection lines, storage tanks, and residual water treatment systems, and
filtration systems, different types of pipes, reverse osmosis membranes, and potable water distribution systems[3].
Fig 1 represents the Current conceptual models concur that there are three stages in the pitting corrosion
initiation, metastable pitting, and active pitting [2-4]. When microorganisms are involved in the corrosion of
metals, the situation is more complicated than it is in an abiotic environment, because microorganisms not only
modify the near-surface environmental chemistry via microbial metabolism but also may interfere with the
electrochemical processes occurring at the metal-environment interface. The anaerobic corrosion of iron was noted
in the 19" century and many theories were proposed about its mechanism. Decades of scientific research projects
and investigations on the complex influence of microbes on increasing or decreasing corrosion rates have provided
a much deeper insight in the role microorganisms play on the life of systems exposed to waters and grounds where
they proliferate. The mechanisms potentially involved in MIC are summarized as (a) cathodic depolarization,
(b) Formation of occluded surface cells (c), Fixing of anodic reaction sites (d) under deposit acid attack [6].
Certain microorganisms thrive under aerobic conditions, whereas others thrive in anaerobic conditions. The pH
conditions and availability of nutrients also play a role in determining what type of microorganisms can thrive in a
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particular soil environment [8-9]. Microorganisms associated with corrosion damage are Aerobic & Anaerobic
bacteria.
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Fig. 1. Current conceptual models concur that there are three stages in the pitting corrosion initiation, metastable
pitting, and active pitting.

Biofilm

A biofilm is any group of microorganisms in which cells stick to each other on a surface. These adherent cells are
frequently embedded within a self-produced matrix of extracellular polymeric substance (EPS) [7]. This matrix
protects the cells within it and facilitates communication among them through biochemical signals. Some biofilms
have been found to contain water channels that help distribute nutrients and signaling molecules. Fig 2 represents
the biofilm development by various stages.(1) Initial attachment (2) Irreversible attachment (3) Maturation | (4)
Maturation Il (5)Dispersion
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Fig. 2. Stages of biofilm development

Mechanism

Concentration Cells

Oxygen Concentration Cells

Respiring aerobic microbial cells on metal surfaces can result in local anodes and cathodes and formation of
differential aeration cells. Under aerobic conditions, areas under respiring colonies become anodic and
surrounding areas become cathodic.

Metal Concentration Cells

Microorganisms that colonize metal surfaces produce extracellular polymeric substances (EPS) and form a gel
matrix on the metal. In general, EPS are acidic and contain functional groups that bind metals (21). Metal ions
concentrated from the aqueous phase or from the substratum into the biofilm can increase corrosion rates by
providing an additional cathodic reaction (22-24).

Inactivation of Corrosion Inhibitor
Biofilms reduce the effectiveness of corrosion inhibitors by creating a diffusion barrier between the metal surface
and the inhibitor in the bulk medium (10-14). Aliphatic amines and nitrites used as corrosion inhibitors can be
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degraded by microorganisms, decreasing the effectiveness of the compounds and increasing the microbial
populations (20). Cooke and co-workers (22) reported that potassium chromate (K2Cr04) was ineffective as a
corrosion inhibitor in an electricity generating station because of chromate reducing bacteria. The bacteria were
causing blockage of pipes by precipitation of chromium (111) oxide.

Alteration of Anion Ratios

Microorganisms can alter the composition of an electrolyte and make it more corrosive. For example, molar ratios
of aggressive ions to inhibiting ions (eg, CI" to NO3™ + S04?) are used to predict whether an electrolyte can
sustain a localized corrosion reaction [16-18]. Relationships between concentration of inhibitive and aggressive
anions correspond to competitive uptake of the anions by adsorption or ion exchange at a fixed number of surface
sites. Increasing chloride concentration shifts the critical pitting potential to more active (negative) values [15-16].
The potential is shifted to more noble (positive) values by the presence of other anions, particularly oxyanions
(ClO, 50,2, NOs, P0,*, NO* and OH™). Salvarezza and co-workers demonstrated that during growth of the
fungus Cladosporium resinae, nitrate, and phosphate were incorporated into the biomass increasing the
chloride/inhibitor ratio[21]. In their experiments, fungal uptake of oxyanions was the principal cause of the pitting
potential decrease during microbial growth. Predictions about pitting or crevice corrosion resistance in chloride-
containing media cannot be based on anion ratios without consideration of potential microbial alterations [22].

Reactions within Biofilms

Reactions within biofilm are generally localized, affecting mechanisms and accelerating rates of electrochemical
reactions leading to corrosion. While corrosion influencing reactions may be attributed to a single group of
organisms, the most aggressive MIC occurs with natural populations containing many types of microorganisms.
Furthermore, a single type of microorganism can simultaneously affect corrosion via several mechanisms (a)
Methahogenesis (b) Sulfide Production (c) Acid Production (d) Ammonia Production (e) Metal Oxidation / Metal
reduction.

The Role of Extracellular Polymeric Substances

Extracellular polymeric substances (EPS) are mainly high molecular weight secretions of microorganisms and
consist of various organic substances such as polysaccharides, proteins, nucleic acids and lipids [19]. EPS bind the
microbes together in a three-dimensional matrix and so affect the physico-chemical characteristics of the microbial
aggregates such as mass transfer, surface characteristics, adsorption ability and stability [20]. The EPS are
distributed in layers of varying depth through the biofilm [21]. They establish the structural and functional
integrity of microbial biofilms, and significantly contribute to the organization of the biofilm community [22].
They also contribute to the mechanical stability of the biofilms, enabling them to withstand considerable shear
forces [23].EPS produced at the solid surface promote microbial adhesion by altering the physicochemical
characteristics of the colonized surface such as charge, hydrophobic, and roughness [24]. They create scaffolds
with suitable physical characteristics and interconnected pore structures that promote cell attachment [25]. Cell
adhesion to solid surfaces is inhibited by electrostatic interaction at low EPS concentration but enhanced by
polymeric interaction at high EPS concentration [29].The forms of EPS that exist outside of cells can be
subdivided into bound EPS (sheaths, capsular polymers, condensed gels, loosely bound polymer and attached
organic materials) and soluble EPS (soluble macromolecules, colloids, and slimes) [25]. Bound EPS are closely
bound to cells while soluble EPS are weakly bound to cells or dissolved in the surrounding solution. Soluble EPS
are sometimes referred to as soluble microbial products (SMP) [25]. Soluble EPS have greater binding capacity
for organic matter than bound EPS [26].

As the EPS accumulate, the deposited material forms a gel layer by cross-linking with the membrane
surface. The gel layer then provides an environment that is rich in nutrients, ideal for further bacterial attachment.
The attachment of EPS to form a gel matrix on membrane surfaces depends on a number of factors such as (a)
cohesion characteristics of EPS; (b) flexibility and rearrangement characteristics of EPS; (c) adhesion
characteristics between EPS and membrane; (d) morphology of membrane surface; (e) diffusion of EPS into
the porous surface structure and (f) flow patterns near the membrane surface [30]. The biofouling potential of EPS
is significantly greater than some types of natural organic matter and the permeate flux decline during biofouling
is strongly related to the EPS content [31].

Measuring and Monitoring MIC

Electrochemical techniques used to study MIC include those in which no external signal is applied
[eg, measurement of galvanic current with zero resistance ammeter (ZRA), measurement of redox potential
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(ET/Q), corrosion potential (Ecorr) and electrochemical noise analysis (ENA)[33], those in which only a small
potential or current perturbation is applied [eg, polarization resistance (flp), and electrochemical impedance
spectroscopy (EIS)][34], and those in which the potential is scanned over a wide range (eg, anodic and cathodic
polarization curves, pitting scans) [32]. Biofilm formation and corrosion can be monitored using metal coupons
implanted either in-line or in a side stream. Several types of coupon holders have been developed. Typically,
coupons are removed periodically and used for weight loss, microbiological analyses, or microscopic examination.
Many techniques claim to monitor MIC; however, none have been accepted as an industry standard or as a
recommended practice by ASTM or NACE International. The major limitation for MIC monitoring programs is
the inability to relate microbiology to corrosion in real time. Some techniques can detect a specific modification in
the system due to the presence and activities of microorganisms (eg, heat transfer resistance, fluid friction
resistance, galvanic current) and assume something about the corrosion.

Others measure some electrochemical parameter (eg, Rp, ENA) and assume something about the
microbiology. With experience and knowledge of a particular operating system either technique type can be an
effective monitoring tool, especially for evaluating a treatment regime (biocides or corrosion inhibitors). All
monitoring techniques used for MIC are based on assumptions that can only be validated by a thorough
understanding of the system that one is attempting to monitor. Plank tonic population does not properly reflect the
type and number of organisms living in the biofilm. Polarization resistance is appropriate for indicating a change
in the general corrosion rate, but the results are difficult to interpret for localized corrosion. Measurements of Rp
will indicate that something is happening, but will not give an accurate measure of the localized corrosion rate.
Impedance spectroscopy requires the area of attack to be determined in order to calculate the corrosion rate. When
MIC is present, corrosion is usually highly non-uniform. Thus, knowing the electrode sample surface area used in
the measurement is often not sufficient. The ENA techniques have failed to routinely predict MIC events
accurately under field conditions and ZRA measurements of galvanic current cannot be directly converted to
corrosion rate.

Strategies to Prevent or Mitigate MIC

Engineering designs that incorporate drains, eliminate traps for stagnant water, reduce the number of bends and
elbows, and specify gasket materials that do not wick, reduce the potential for MIC. Components that typically
remain stagnant for long periods of time should be designed to be cleaned or flushed. Where possible, the system
design should provide control of the flow velocity that will limit bacterial growth [30]. Continuous flow is
preferable to intermittent flow. Dead leg and bypass circuits should be avoided wherever possible. Side stream
filtration and in-line filters should be included in the design when make-up water contains high levels of
suspended solids. Provisions must be made to purge accumulations of suspended solids from the system when it is
not possible to prevent their accumulation by insertion of pigs, air bumping, sand-jetting, or high pressure water
spray. Strategies to mitigate-control the effects of MIC include the following reduce the numbers and types of
organisms in the system or alter potential electron acceptors to inhibit specific groups of bacteria

Reduce Numbers and Types of Organism.

Numerous methods have been used for minimizing the accumulation of biofilms on engineering surfaces including
the following addition of biocides (oxidizing and non oxidizing) to the bulk water to kill organisms entering the
system or reduce the growth rate of microorganisms within the biofilm, mechanical removal of biofilms from the
substratum (sponge balls, brushes), and water treatments to decrease the numbers and types of organisms
(aeration, deaeration).

Alter Potential Electron Acceptors to Inhibit Specific Groups of Bacteria.

One practical application for controlling MIC by controlling the electrolyte composition has been used in seawater
injection systems. In these systems, seawater is injected into oil reservoirs to maintain pressure. Oxygen is
removed to minimize corrosion. However, in the anaerobic environment, growth of SRB is encouraged and
corrosion of steel alloys results. Laboratory and field experiments have demonstrated that nitrate treatment can be
an effective alternative to biocide treatment[21]. Nitrate addition causes a shift in the microbial population from
SRB to nitrate-reducing bacteria (NRB)

Exopolysaccharide inhibitors

A whole spectrum of geo microbiological interactions between the microorganisms and the mild steel is mediated
by extracellular polymeric substances (EPS) excreted by the growing sub-aerial biofilm (Gorbushina and
Krumbein 2000). Attachment of microorganisms is the first step in biofilm formation on metal, and the adhesion
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of cells to substrata is due to EPS. Also chemical dissolution of metal may be influenced by acidic polysaccharides
present in EPS. Bacteria, fungi and algae produce different types of EPS. Chemicals are known which can inhibit
the production of EPS, and therefore can be used to inhibit attachment of micro-organisms to stone surfaces.
Koulali et al. (1996) demonstrated the inhibitory effect of monensine on the synthesis of EPS by the fungal genera
Botrytis and Sclerotium, and Huang and Stewart (1999) demonstrated the inhibitory effect of bismuth dimercaprol
in Pseudomonas aeruginosa biofilm.

Conclusion

Although corrosion inhibitors are widely used in industry, the problem of corrosion damages is still urgent. To
certain extent this is due to the fact that microbially induced pitting corrosion is responsible for 30% of all cases of
biodamages of industrial processing’s. As a rule, these inhibitors do not work against this type of corrosion. There
are different approaches allowing suppression of corrosive activity of microorganisms. Applications of different
EPS inhibitor are currently highly popular. The efficiency of inhibitor depends on many factors like composition
of micro flora, presence and structure of biofilm on the metal surface, chemical composition of the water phase,
compatibility with corrosion inhibitors, application method and other factors .so the complex approach to
application of EPS inhibitors is possible to reach effective application of them to combat corrosion in heat
exchangers, desalination plants & marine equipment. The present work is a first step in realizing such complex
approach to develop effective methods of application of EPS inhibitors for large application in industry.
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