Dreissena sp.
Superoxide Remediation
Background:
Zebra and Quagga mussels, transported
from Europe in the ballast tanks of cargo
ships, have established themselves in the US
waterways and continue to from their initial
infestation in the Great Lakes. Despite large
amounts of research monies, no adequate
solution to dealing with these species has
been found. Currently, we are spending
millions of dollars trying to control their
spread.
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Several methods are known to be deadly
to Dreissena sp., but not practical or cost
effective on a large scale. One method is
oxidation by means of chlorination (US
Army Corps, 1992) and also by ozone
(Lewis, et al., 1993). Chlorination is deadly to
all other aquatic life and its use is severely
restricted. Ozone is also deadly to aquatic
life and has an attendant list of other
disadvantages. Then there are a few chemical
based products that are neither practical nor
cost effective on a large scale.
If one follows along the oxidation line of
treatment, there now is an alternative
method available. It is called EcoSOAR
Water Technology (superoxide) that will
handle the zebra and quagga mussels. Also,
it is cost effective and practical on a larger
scale.

Premier Materials Technology, Inc.

Technology Background and Method of Application:
Superoxide (SO) has long been known as an oxidant and, more recently,
it has been discovered to also be a reductant. SO is quite effective at treating
organic pollutants via Fenton reaction, raising dissolved oxygen levels, and killing
anaerobic bacteria. It also can be used to break down ozone. As an oxidant, it is
more powerful than chlorine, but much safer than either chlorine or ozone. Its use to
treat aquatic environments as a means to return them to a healthy, ecological balance is
now known.
The reason it is safe to use in an aquatic environment is that almost all aerobic organisms
have enzymes called superoxide dismutase (Mn-SOD) to catalyze the transformation of SO
to hydrogen peroxide at which point a peroxidase then completes the reaction by reducing
the H2O2 to oxygen and water. It is precisely this point that says large scale oxygenation by SO
eliminates zebra and quagga mussels from the environment.
Dreissena M. edulis is unique among higher organisms in that it expresses very low levels of Mn-SOD
which is critical in protecting itself from SO (Manduzio, et al., 2005). This makes them very vulnerable to
SO exposure and death. The literature is replete with studies confirming the toxicity to organisms unable
to produce Mn-SOD (Melov, et al., 1998). It is hypothesized that zebra and quagga mussels are organisms
that produce very low levels of Mn-SOD and are very susceptible to treatments of SO.
Here is an example: A diabetic can’t eat large amounts of sugar because their system is missing the
capability to process the sugar. In the same way, the zebra and quagga mussels system can’t process larger
amounts of SO.
EcoSOAR Water Technology:
The EcoSOAR Technology product is called the Kria Ionizer. This machine removes the air from the
atmosphere, separates the nitrogen, and then ionizes the remaining purified oxygen by attaching a
negative electron to each molecule. At the same time, the water is pumped through the Ionizer and
returned to the water body. The returning stream of water is injected with SO by a nano nozzle. These
nano bubbles are far more effective in attacking organic pollutants. The levels of saturation can be
controlled. USACE attained levels of 31 PPM (Medina, 2014), although this varies according to factors
such as water temperature, depth, and current speeds in the water body.
Side note, quagga mussels offer a set of unique problems. They accumulate organic pollutants within
their bodies at a concentration level up to 3000 times that in the water column (Snyder, et al.,
1997). This means that anything that eats them passes these toxins up the food chain. Quaggas
and zebra mussels can also concentrate a toxic bacterium, Clostridium botulinum. Fortunately,
Clostridium botulinum is destroyed by SO, as well as the organic pollutants contained within the
quagga mussels.
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Abstract
Zebra and quagga mussels are invasive species that have become serious problems nationwide, causing
ecological and economic damage. Two decades of efforts to eradicate them have failed due to a number
of reasons, such as toxicity to the environment. Any solution must be able to address the mussels without
affecting the balance of the ecosystem (pg. 4).
Zebra and quagga mussels have been found to produce very low levels of manganese-type superoxide
dismutase, an enzyme that protects against the cytotoxic effects of superoxide (SO). It was proposed
that these mussels could be eliminated by injection of SO into water harboring mussels. The Kria ionizer
produces large amounts of SO and injects it into the water column (pg.5).
An investigation was conducted by an independent research company at the Willow Beach National Fish
Hatchery in Arizona to test this idea. Tanks at the hatchery were seeded with quagga mussels, both adult
and veligers. SO was then injected into the water and the quaggas were monitored for signs of mortality.
Dissolved oxygen levels maxed at 16.7 PPM (pg. 6).
Mortality levels at day 11 were about 36% and increased to 74% at day 17, the end of the experimental
procedure. Veliger mortality was quicker, reaching as high as 87% at the 48 hour mark (pgs. 19 & 21). It
seem reasonable to infer that a longer exposure time would lead to even higher mortality rates (page 26).
Dissolved oxygen levels can be controlled by setting the ionizer’s timing unit. Any DO level desired can be
achieved by limiting the injection of SO into the water body. This ensures that no harm will be inflected
upon any other organisms in the water column that is unable to tolerate higher levels of SO. Actual
operating conditions in the field have proven elevated DO levels at a distance of ½ mile (page 27).
It is reasonable to expect that similar rates of mortality can be expected in zebra mussels as they exhibit
identically low rates of Mn-SOD (page 28).
Injection of SO into the water column by the Kria Ionizer represents an economical remedy for eradication
of quagga mussels in bays where boating activities and water intake valves are located. It should be stressed
that the speed of mortality will be impacted by the level of organic pollutants in the water. SO will also
remediate any organic pollutant in the water, slowing its effects on mussels.
(Full Report available upon request)
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