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The aim of this work was to study the
biofilm formation and the biocorrosion
affecting an urban solid waste treat-
ment plant and the application of a
commercial antimicrobial agent to
mitigate the effects of microbiologi-
cally influenced corrosion. The results
showed the antimicrobial agent was
able to inhibit the growth of microor-
ganisms and mitigate biocorrosion.

Corrosion is an electrochemical process
where a reaction between a material and
the environment causes metal loss. When
microorganisms that have a natural
tendency to bond on solid surfaces are
present, biofilms are formed. Biofilms are
microbial consortia embedded in self-
produced exopolymer matrices composed
mainly of exopolysaccharides (EPS).
Microbes living in these matrices benefit
from nutrient and water supplies,'
improved lateral gene transfer,> and protec-
tion against adverse environmental condi-
tions such as desiccation and chemicals,?
including detergents, disinfectants, antibi-
otics,* natural products,® and silver
nanoparticles.® The microorganisms
displace ions previously adsorbed to
surfaces and produce a series of complex
bioreactions.” Microorganisms can influ-
ence corrosion by modifying the chemical
conditions near the metal. This process is
called biocorrosion or microbiologically
influenced corrosion (MIC).?

An industrial plant contains several
environments where corrosion and biofilm
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processes are potentially troublesome.’
Cooling systems, storage tanks, water and
wastewater treatment facilities, filters, pip-
ing, and solid waste treatment plants are
commonly affected by biocorrosion prob-
lems.! The biofilm formation and the
resulting biocorrosion affect a wide variety
of industries and cause economic losses.
These problems are common in urban solid
waste (USW) treatment plants. For this rea-
son, biocorrosion monitoring must be per-
formed with numerous data obtained from
corrosion measurements, processing plant
instruments, and biochemical and micro-
biological laboratory analyses.

The separation of USW at a USW treat-
ment plant is very important to minimize
the environmental impact. The aim of this
work was to study the biofilm formation
and the biocorrosion affecting the USW
treatment plant and the application of a
commercial antimicrobial agent to miti-
gate the effects produced by biocorrosion.

The study was performed at the USW
treatment plant in Buenos Aires province,
Argentina. At this facility, waste-filled bags
enter the plant and are unloaded onto a
separation belt where waste materials are
manually selected, classified, and put into
containers according to the type and/or
purpose of the waste material. As soon as
the inorganic and pathogen wastes are
removed, the organic portion is transported
by another conveyor belt to an outside
grinding machine to homogenize the sizes.
In many instances, concrete structures sup-
porting the conveyor and grinding machine
are damaged by MIC to the point where
major rehabilitation is required in as few as

NACE INTERNATIONAL: VOL. 53, NO. 6



four years. In one case, a total collapse
occurred within six years."

The studied USW treatment plant had to
replace a concrete platform by a steel con-
veyor belt that is currently in use." Both
materials are highly susceptible to corrosion
problems and MIC due to the water present
in the system and leachate from the organic
material, and the use of biocides or antimi-
crobial cleaning agents is required. Chemi-
cal treatments applied to control biofilm
formation consist of biocides or products
such as dispersive or penetrating agents,
which increase the treatment’s efficiency."

Materials and Methods
Samples

To analyze biofilms, a sampling system
was designed that consisted of 10 10-mm
diameter SAE 1010 (UNS G10100) metal
samples, the same steel as the conveyor
belt, placed on a Teflon® base (Figure 1[a]).
One was placed on the selection belt in the
waste unloading zone, which is in continu-
ous contact with leachate and waste water
and susceptible to the biofilm development
(Figure 1[b]). The other sample was placed
in the grinding machine. All the samples
were in contact with the leachate for 24 h
and then removed for analysis. The sam-
pling was repeated six times in six different
months. As the samples were removed and
sent to the laboratory to be processed, they
were replaced with clean samples.

Microbiological Studies

Microbiological studies focused on the
leachate (planktonic bacteria) and a bio-
films sampler from metal samples located
in the conveyor belt and the grinding
machine. The sessile bacteria were
obtained by removing biofilms from the
samples by scraping. The growth of total
aerobic heterotrophic mesophilic bacteria,
acid-producing bacteria, sulfate-reducing
bacteria (SRB), fungi, and yeasts'* were
investigated. Parallel to the USW treatment
plant sampling, Envirocheck Contact YM*
culture slide systems were used to attain a
quantitative assessment of the microorgan-
isms present on the conveyor belt surface.

*Trade name.
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FIGURE 1 (a) Biofilm sampler and (b) conveyor belt.

Measurements of pH, chlorides, sulfates,
biochemical oxygen demand (BOD), and
chemical oxygen demand (COD) were
made (Table 1).

Antimicrobial Agent

The USW treatment plant uses a com-
mercial antimicrobial agent, SENDECO
Chlor Send?, as a biocide and anticorrosive
agent. It is composed of anionic detergent,
chlorinated aromatic hydrocarbons, glycol
ether solvent, and phenolic disinfectant. It
is manually applied in a 1:100 dilution to
clean the facilities.

Microbiological studies were con-
ducted using metal samples exposed to
leachate with and without treatment with
the biocide.

Metal samples exposed to leachate with
and without treatment with the biocide
were observed with a JEOL JSM-6360 LV*
scanning electron microscope (SEM). To
preserve the biological specimens, samples
were fixed with a solution of 2% glutaralde-
hyde in a phosphate buffer, washed in dis-
tilled water, and dried on a gradual series of
acetone up to 100% by the critical point
technique for SEM observation.

Cyclic Voltamperometry Tests

Cyclic voltamperometry and open cir-
cuit potential technique measurements
were carried out to characterize the corro-
sion phenomena of the SAE 1010 used in
the plant. Pitting susceptibility was mea-
sured in particular. For this purpose, a con-
ventional electrochemical cell was used,

TABLE 1. CHEMICAL ANALYSES

Parameters Leachate usw
pH 4.45 442
Chloride (mg/L) 3,670 1,360
Sulfate (mg/L) 473 160
BOD (mg/L) 394,000 —
COD (mg/L) 323,000 —

employing SAE 1010 samples (A = 0.95 cm?)
as work electrodes. Potential scanning was
performed at a rate of 2 mV/s between
-1.0 and 4.4 Vin a control solution contain-
ing sodium chloride (NaCl) and sodium sul-
fate (Na,SO,) at the same concentrations as
those found in the leachate (pH 4.45), in the
leachate of the treatment plant (pH 4.45),
and in the commercial antimicrobial agent.
The work temperature was controlled at
25+0.2°C.

Results and Discussion

Voltamperometry Tests
Figure 2 shows the SAE 1010 response
E/j to different media tested. It shows the
effect of each solution employed on the pit-
ting susceptibility of the material. In the
control saline solution case, it can be seen
as a peak of anodic current at E = -0.85V,
but following with the potential scanning
to more anodic values, SAE 1010 reaches
passivity and there is no pitting observed

within reach of potential scanning.
When the SAE 1010 response to the
leachate and antimicrobial agent is
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FIGURE 2 Voltamperograms of SAE 1010 in control, NaCl + Na,SO, (—) solution, leachate (—),

and the antimicrobial agent (—).
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FIGURE 3 The effect of biocide on biofilms on metal samples on the conveyor belt

(BB before biocide, AB after biocide) and on metal samples located in grinding machine.

analyzed, the corrosion current values reg-
istered are higher (particularly in the leach-
ate) and it is possible to observe in the
profiles the response of a material that is
being pitted (noise in the current and curve
hysteresis in the potential scanning in a
reverse direction). Even though the dissolu-
tion current obtained at the biocide tests is
slightly lower than that obtained in the
leachate, the pitting process is important
in this case.

Microbiological Counts
The result of the culture slide systems
performed on the metallic conveyor belt for
the total heterotrophic mesophilic bacteria
was 3.5 CFU-cm™2, both before and after
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applying the biocide. In the fungi and yeast
cases, values varied from 6 CFU-cm™
before application to 2.3 CFU-cm™ after
application. Microbial counts obtained
from the sample scrapings for the micro-
organisms studied varied between 1 x 10°
mo-cm~and 1 x 10*mo-cm before apply-
ing the biocide (Figure 3).

In the case of the metal samples, the
effect of the biocide decreases about five
orders of magnitude for the acid-producing
bacteria (>1 x 10> mo-cm™?), four orders of
magnitude for the SRB (>1 x 10" mo-cm™),
and an order of magnitude for the sulfite-
reducing bacteria (Clostridium sp) (>1 x 10*
mo-cm?) (Figure 3).

In the SRB and the acid-producing bac-
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teria cases, the antimicrobial agent had only
a bacteriostatic effect, as observed in Figure
3. This indicates that the biocide is able to
decrease the microbial quantity; however,
their metabolism contributes to the corro-
sion process."”

The presence of microorganisms leads to
agreat MIC potential.'® In the case of SRB, the
biocide effect was less than that in the SRB
and the acid-producing bacteria cases due to
the greater resistance of the species forming
spores, as in the case of Clostridium sp.” The
acidification produced by the acid-producing
bacteria checked in the laboratory (a
decrease of more than two units of pH) can
have a synergic effect on the corrosion of
inorganic origin and accelerate the deteriora-
tion processes in the plant facilities.

The concentration of sulfate (an element
necessary for SRB growth) in the leachate
(Table 1) would corroborate the count men-
tioned previously.'” On the other hand, chlo-
rides in the leachate (Table 1), together with
the presence of sulfides, would have a syner-
gic effect on the corrosion of the plant facili-
ties.!® The values of chlorides and sulfate
found in the leachate, 3,670 and 473 mg/L,
respectively, are significantly higher than
those found in the USW, 1,360 and 160 mg/L,
respectively. This shows the aggressive
behavior of the leachate on the plant facili-
ties. A large amount of inorganic corrosion
products could be observed as a result of the
steel corrosion on the samples (Figure 4[a])
before applying the biocide (Figure 4[b]).
After applying this product to the surface,
the samples showed a lower amount of cor-
rosion products (Figure 4[c]). This demon-
strates that the biocide could not only act as
bacteriostatic agent but also protect the
steel structures of the plant from general-
ized corrosion.

Conclusions

+ The biocide was able to decrease the
microbial quantity present on the
conveyor belt and in the leachate.

« The acid products coming from the
microbial metabolism synergically
interacted with the leachate and
caused a biocorrosion hazard in the
plant facilities.

+ The reported levels of biofilm forma-
tion due to aerobic heterotrophic
mesophilic bacteria, acid-producing
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bacteria, and SRB suggest a potential
biocorrosion risk in each case for the
conveyor belt of the USW plant. The
low pH values, the chloride, and sul-
fate concentrations in the leachate
could prove to be an inorganic corro-
sion risk at the different sampling
areas of the plant, which means a po-
tential risk of significant economic
loss in the plant facilities.

+ Although the biocide protected the
steel structures from generalized cor-
rosion, the bacteriostatic behavior
from microorganisms remains; thus
it would be advisable to use biocides
and other products to increase the
treatment efficiency.
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