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Abstract  

 
Acidithiobacillus thiooxidans has been confirmed to promote for a fast microbial induced 

corrosion (MIC) on a surface of a metal coupon in 7 days of incubation with oxygen reliable 

in the peptone medium. This research is conducted to clarify the mutual interactions between 
biofilm and the metal substratum and to further the study on the direction of biofilm influence 

on the metal as into a corrosion inhibition. The use of symbiont biofilm between Actinomycete 

and Pseudomonas aeruginosa has been proved to inhibit the MIC process as early as the 
third day through growth performance of the biofilm formation. We have studied the impeding 

process using the mediated interactions and have reported that Acidithiobacillus thiooxidans 

cells are smaller and thicker apart from its slower growth due to the formation of the biofilm 
of the microbial cell consortia. All the 3 species have significantly shared the environment, 

using the peptone in the medium and did not cause any pit formation or started any corrosion 

sign on the metal surfaces, suggesting that the great tolerance between the species has 
achieved the aim to reduce bio-corrosion using biofilm consortia. This evidence proved that 

MIC can be eradicated using other microbes or microbial interaction at the beginning of 

colonization.  
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Introduction  

 

Every year, several cases on pipeline failures due to corrosion were reported which 

includes lost in billions dollars of money (The U.S federal Highway Administration; FHWA, 

estimated a direct cost of corrosion $276 billion which equivalent to 3.1% of the nation’s Gross 

Domestic Product [1]. Microbial inhibition of corrosion is another world of MIC; the microbial 

induced corrosion. As the MIC could start with one single species such as sulfate reducing 

bacteria (SRB) or even aerobic bacteria, the inhibition has been shown to be an agenda of few 

or at least two back to back supporting each other species. It is unlikely to see one single 

mechanism of a single species of microorganisms to inhibit one typical spot of a corrosion 

starting point in any metal or pipelines. According to D. Videla and J. Herrera [2], the 

development of biofilm by the complex of microorganisms will give some corrosive or an 

inhibitory effect on the MIC process on certain metal surfaces. The main mechanisms of 

bacterial corrosion inhibition are always linked to a marked modification of the environmental 

conditions at the metal–solution interface due to biological activity [2]. The accomplishment of 
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the thorough inhibition set up through the complex biofilm was studied by quite a number of 

researchers and has been reported to be mostly by affecting the growth of the species that starts 

the MIC. The major feature observed on the biofilm formation is; it starts from free-floating 

cells growing into ‘slime’ due to cell-cell attachment supported by the surroundings such as the 

cell itself, some matrix, polymers, bioreactor wall even living and non-living thing including the 

metal surfaces they are colonizing on. Biofilm arrangement is well promoted by a lot of 

biochemical processes and its regulation [3]. In this paper, we are projecting symbiont biofilms 

of Actinomycete sp. and Pseudomonas aeruginosa in promoting for the slow growth of 

Acidithiobacillus thiooxidans that has been responsible for microbial induced corrosion and 

therefore diminish the potential of the MIC to start off. Progress in corrosion control using 

bacteria biofilms is seen to be one way to a better control strategy. 

 

Materials and Methods  

 

Reagent, chemicals and pH 
All reagents and chemical used were from technical grade.  

Microorganisms 

A Gram-negative Acidithiobacillus thiooxidans was maintained at 4°C in peptone water. 

Both Actinomycete and Pseudomonas aeruginosa [4] were maintained on nutrient agar (NA) 

and Pseudomonas agar (PA), respectively, at 4°C.  

Source of metal for biogenic sulfide corrosion test 

New metal coupon cut into 1.0×1.0×0.5cm
3
 with no sign of corrosion were used. All 

metals used in this experiment were sterile prior to use and handled using aseptic techniques. 

Prior to each experiment, the weight loss coupons (X65 carbon steel) was polished using 

isopropyl alcohol as coolant, with silicon carbide abrasive papers of up to 600 grit. All metal 

were weight into accuracy of 0.515mg.  

Biogenic sulfide corrosion simulation test 

The corrosion test was simulated in one complete cycle of 10 days incubation at 28°C 

and 50 rpm [5]. Two metal coupons were kept in 30 ml of sterile peptone water, with only one 

bottle contains: 5.0×10
5
cells/mL 24 hours growth of Acidithiobacillus thiooxidans (Metal 

Coupon 1). The one without the species was used as control (Metal Coupon 2). Experiment was 

repeated thrice using aseptic techniques. This test was done to confirm that Acidithiobacillus 

thiooxidans can cause biogenic sulfide corrosion on the metal coupons.  

 Effect of biofilm growth as anti-corrosion test 

The anti-corrosion test was simulated at 28°C and 50 rpm for 10 days of incubation. One 

metal coupon was kept in 30mL of sterile peptone water, containing: 5.0×10
5
cells/mL of 24 

hours growth of Acidithiobacillus thiooxidans and 5.0×10
5
cells/mL of 24 hours growth of 

Actinomycete and Pseudomonas aeruginosa. One metal coupon was kept in 30mL of sterile 

peptone water, with only 5.0×10
5
cells/mL 24 hours growth of Acidithiobacillus thiooxidans and 

the metal coupon in the sterile peptone bottle without any species was used as control. 

Experiment was done thrice using aseptic techniques.  

Analyses 
The H2S concentration in the bottles was determined by H2S detector tubes (Agilent). 

The pH in each of the suspension was determined using Metrohm double electrode (Berchem, 

Belgium). Bacterial growth, biofilm and pitting on the metal coupon surfaces were examined by 

Scanning Electron Microscope (SEM) analysis [6, 7]. The sulfate concentration in the 

suspension was determined according to Standard Methods. Samples were taken on day 10. The 

weight loss of metal was determined by using Clarke solution according to ASTM G1. The 

corrosion rate measurement by weight loss method is calculated by Equation (1).  
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     (1)  

where: CR - calculated corrosion (mm/yr);  Mloss - mass loss of steel sample (measured in 

grams);   - density of iron (equal to 7.85 g/cm
3
);  - surface area (cm

2
), t - exposure time (h)  

The glucose oxidase-peroxidase enzyme system with syringaldazine as chromagen is 

suitable for assaying oxygen solubility in complex media. The final quinone concentration, as 

indicated by Amax is a linear function of oxygen added to the assay. Assay sensitivity (Amax) is 

optimum at pH = 7, but depends on the type and volume of medium added. The reaction time 

(tmax) can be shortened to 2 min or less by raising the enzyme and/or glucose concentration used 

in the assay. Based on these findings an assay composition and procedure has been suggested 

(Table I). To control for media effects, it is recommended that the medium sample size be 

standardized and that both reference and sample assays be performed.  
 

Results and discussion 
 

Table 1 confirmed that Acidithiobacillus thiooxidans has promoted for the microbial 

corrosion on Metal Coupon 1 in at least 7 days of incubation with oxygen reliable in the 

medium.  
 

Table 1. Acidithiobacillus thiooxidans in the promotion of Induced Microbial Corrosion (MIC) 
 

 Metal Coupon 1 with 
Acidithiobacillus thiooxidans 

Metal Coupon 2 without  
Acidithiobacillus thiooxidans 

Metal’s initial/final weight without biofilm 
(g) 

0.515/0.417 0.515/0.514 

Initial/Final pH 7.0/3.2 7.0/7.0 
Corrosion rate (mpy) 2.62 0.001 

Initial color/final color of peptone water  
Yellowish/ Light to darker 

brown 
Yellowish/ Yellowish 

Positive sign of corrosion on the metal chip 

Very clearly seen 

 

Negative 

 

H2S detection 

0.009 ppm (very low, 
confirmed that corrosion 

was not contributed by the 
level of H2S) 

0.002 ppm 

Oxygen concentration    
Initial/final sulfate concentration  0.00/9.50 mg/ml 0.00/2.00 mg/ml 

Formation of biofilm on the metal coupon  Negative 
Negative 

 

SEM result of the metal coupon 

  

 

This is a very rare result because often, bio-corrosion was reported to take months or 

year to happen on most metal surfaces. There was no significant value of weight loss or sign of 

corrosion was recorded from sterile Metal Coupon 2 even it was incubated in the same sterile 
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peptone medium with the same condition as Metal Coupon 1. The biogenic sulfuric acid 

corrosion is often a slow corrosion process for example; a corrosion rate of 0.5mm a year was 

described by T.K. Mori et al. [8]. This was not shown in our research. Rapid growth of 

Acidithiobacillus thiooxidans supported by enough oxygen content, has promoted for pits to 

appear as early as the exponential growth cycle.  

A simple colorimetric assay was developed and applied to the analysis of oxygen 

solubility during alcoholic fermentation. The method was based on the consumption of oxygen 

by glucose oxidase activity and the production of the pink quinone of syringaldazine by coupled 

peroxidase activity. Color formation at 526nm progressed through an optimum that was a linear 

function of the oxygen added to the assay. 

Figure 1 shows a general pattern of increment in average percentage weight loss 

(APWL) and a corresponding increament in corrosion rate (CR) in the Metal Coupon 1 exposed 

to Acidithiobacillus thiooxidans for 7 days, with respect to time. 
 

 
 

Fig. 1. Corrosion rates in metal coupon1 exposed to Acidithiobacillus thiooxidans  

and without exposure to the cells in 7 days (168h) of incubation. 

 

In order to confirm the possible potential to inhibit the microbial induced corrosion 

(MIC) by the Acidithiobacillus thiooxidans using biofilm corsortia, experimental procedures 

have been set-up using Metal Coupon 3 incubated in a sterile peptone medium contains the 3 

species; Acidithiobacillus thiooxidans, Actinomycete and Pseudomonas aeruginosa. This was 

done with regards of the biofilm formation that was targeted to be the inhibition factor for the 

appearance of bio-corrosion pits. Acidithiobacillus thiooxidans growth was recorded as positive 

with lesser cell numbers indicating slower growth. It was recorded biofilm formation of 

Actinomycete and Pseudomonas aeruginosa, which cells have not totally reduced the growth of 

Acidithiobacillus thiooxidans but has helped to reduce the thickness of the biofilm formation 

with no significant corrosion rate or appearance of the corrosion signs was reported. Biofilm is 

mostly representing a ‘community’ of microbial world that surviving the colonization using 

their exopolysaccharides (EPS).  

Basically, the biofilm in their attempt to ‘live’ shall affect metal surfaces in two ways. It 

‘uses’ the metal compounds for living that gives the result of corrosion behavior on the metal 

surfaces using sets of their biochemistry and enzymatic potentials. On the other hand, biofilm 

can also behave as a protective layer on the metal by protecting surfaces from any starting point 

of the pitting. According to P. Zuo [9], “formation of bacterial biofilms on metal surface may 

accelerate or impede corrosion”. The statement by P. Zuo [9] has strongly supported our 

findings.  

Figure 2 explains what took place in our findings. Corrosion inhibition using beneficial 

bacterial biofilms by the mutual arrangement of two aerobic species; the Actinomycete and 

Pseudomonas aeruginosa was suggested by manipulating the aerobic respiration of these 

biofilms which has helped to decrease oxygen concentration on the surface of Metal Coupon 
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3. Lower concentration of surface oxygen is not the best physical parameter for 

Acidithiobacillus thiooxidans growth, which becomes less eager to colonize the surfaces, 

instead, it appeared to grow on the surfaces of the Actinomycete and Pseudomonas aeruginosa 

biofilm by showing much lesser number of cells since it has to accommodate the oxygen 

sharing system.  
 

 
 

Fig. 2. Mechanism of MIC inhibition using Acidithiobacillus thiooxidans,  

Actinomycete and Pseudomonas aeruginosa  
 

 
 

Fig. 3. Mechanism of MIC inhibition using Acidithiobacillus thiooxidans respiratory 

 interruption in the biofilm consortia using Metal Coupon 3  

 
The Acidithiobacillus thiooxidans cells isolated from the biofilm has appeared smaller 

and thicker especially on the main spot of the colonization. Oxygen depletion under the layer of 
the biofilm has promoted for the Acidithiobacillus thiooxidans cell shrinking. Figure 3 shows 
the mechanism of MIC inhibition using Acidithiobacillus thiooxidans respiratory interruption in 
the biofilm consortia. Thicker colonies are formed under high respiration in the low oxygen 
concentration. This anodic condition will decrease cell contact with the metal surface, thus 
reducing corrosion. The bacteria colonization on the metal coupon has formed a non-uniform 
patch which, in the presence of aerobic respiration will result in the formation of differential 
aeration cell. Cells in biofilms experience another growth mode different from planktonic 
growth. Compared to their planktonic counterparts, bacteria in biofilms show distinct 
physiological characteristics such as significantly enhanced resistance to antibiotics, increased 
production of exopolysaccharide, changes in cell morphology or different responses to 
environmental stimuli [10-13]. The possible mechanisms of microbial inhibition of the 
corrosion inhibition we are proposing by using the oxygen respiration under aerobic conditions. 
T.R. Garrett et al. [14] have described biofilm attachment as ‘sticky effect’ of one cell to a 
respective matrix, polymer or surface; termed as ‘adhesion’ and attachment of one cell to 
another cell called ‘cohesion’. 
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Conclusions 
 

We have accomplished the aim of microbial corrosion inhibition through a decrease in 
the cathodic rate using lower oxygen consumption by the Acidithiobacillus thiooxidans 
respiratory in the biofilm consortia. We have also achieved a proper understanding of the 
identity and role of microbial consortia in the specific environment on the metal surface which 
can be exploited to induce corrosion inhibition using bacteria as a useful tool to prevent from 
frequent MIC effects.  
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