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Introduction

BioArmor™ is an effective treatment for wastewater systems dealing with
hydrogen sulfide (H,S) issues.

Whether you've seen it work in real life, read about it in one of our case studies, or you've just heard
our team getting really excited during one of our talks, the most common question we receive on
this topic is: HOW? Let's shine a microscope on the science behind this process.

Background

Let's first start with some terms and concepts:

* Hydrogen Sulfide (H,S): A colorless, corrosive, and poisonous gas; odor of rotten eggs

* Volatile Fatty Acids (VFAs): Also known as “short-chain fatty acids”; weak organic acid containing one to six
carbon atoms; often malodorous

e Sulfate Reducing Bacteria (SRB): Anaerobic bacteria that use sulfate (SO4) as electron acceptor instead of
02. They convert SO4 to H2S and utilize VFAs as a food source

e Acid Producing Bacteria (APB): Anaerobic bacteria that produce VFAs through fermentation.

* Septicity: The souring of wastewater in uncontrolled anaerobic conditions

Wastewater systems release biological odors in the form of H,S and VFA during septic conditions where SRB and
APB proliferate due to a lack of oxygen. This proliferation occurs requires an abundance of sulfur and organic food
sources such as fats, oils, and grease (FOG).

Mechanisms

Sulfur Utilization

SRB proliferate and produce vast quantities of H2S within anaerobic environments depending on the presence of
SO4 and food sources created by APB.

One-way BioArmor™ products lower H,S concentrations is through their need for sulfur. For Bacillus, sulfuris a
compound in great demand due to its assistance in producing certain amino acids required for growth. A recent
study of the genomes for many of our unique Bacillus strains in BioArmor™ indicates a high number of genes
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involved in the binding, utilization and assimilation of various forms of High High

sulfur. Taking things a step further, by adding BioArmor™ we expect to

see an increase in overall growth of the microbial community. Growth S s:
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Figure 1: An illustration that describes the relationship between the SRB population

and Hydrogen Sulfide (H2S) with and without the addition of BioArmor™. Low Low
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In a similar way that Bacillus increase competition for sulfur, they also increase competition for food such as FOG and
VFA. Acid producing bacteria feed on FOG and create various VFA that SRB's prefer for growth. At the same time, the
Bacillus bacteria in BioArmor™ utilizes FOG and VFA as a food source.

Through the process of digesting these compounds our Bacillus creates a healthier microbial community and inhibits
the APB and SBR. As competition for these food sources increases, SRB's ability to produce H_S declines. Additionally,
many of the VFA that APB produce are also malodorous and contribute to that “rotten-sewer smell”. Consumption of
these VFA also limits their direct contribution to odors.

Sludge and Biofilm Digestion

SRB are obligate anaerobes which means they cannot grow in the presence of oxygen. Sulfate reducing bacteria and
APB can proliferate in biofilm, sludge, and grease caps commonly found in anaerobic lift stations, force mains, sewer
lines, lagoons, or anywhere septic conditions are prevalent. In sludge and biofilm, oxygen is quickly used up in the
first 0.1 to 0.2 mm of sludge. Thus, everything below is oxygen limited making these environments an attractive place
for SRB's to grow. The thicker and deeper sludge and biofilms become the more habitat APB and SRB have. With
increased habitat comes increased production of H,S and odor compounds.

BioArmor™ products greatly increases the digestion of sludge, biofilms and grease caps. This destruction of SRB and
APB's anaerobic habitat inhibits their growth and proliferation, and in turn reduces H,S and odor production

Summary

The Bacillus within BioArmor™ products bring increased sulfur consumption, compete for VFAs and FOG as a food
source, and digest sludge and biofilms; all while enhancing the overall microbial population. These three actions
fight the formation of H.,S at the source while also decreasing other odors in waste lagoons, lift stations, sewer lines,
force-mains, sludge holding tanks, and digesters. So, it's not only a solution, but a living, long term preventative
maintenance system that saves money and even lives when faced with H.S.

Simply put: Bacillus take their sulfur, eat their food, and kick down their house.
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