Chemical Free Bacteria and Legionella Control: A Case Study Using
Hydrodynamic Cavitation

David Nicholas, Philip Vella, Ph.D.
VRTX Technologies
Schertz, Texas

Abstract

This paper describes an alternative, patented, non-chemical cooling water treatment system that has
proven to be effective in controlling / eradicating bacteria and Legionella. The VRTX system is a
side-stream treatment system and includes a mechanical cavitation unit and a separation/filtration
unit. The unit works primarily on the principals of Controlled Hydrodynamic Cavitation (CHC).
The CHC actions destroy microbial cell walls and converts dissolved calcium and bicarbonate ions
into calcium carbonate (CaCOs) colloids, when cooling water is pumped through the CHC unit. The
separation unit is used to remove the precipitated calcium carbonate and other suspended solids
from the recirculating cooling water to keep the cooling water system clean.

The VRTX system eradicates bacteria by a combination of synergistic actions including: pressure,
vacuum, Kinetic impact at the water collision point, hydrodynamic cavitation, sonic waves and
oxidizing chemicals produced from cavitation. In this paper, laboratory and field tests results are
presented to demonstrate the effectiveness of the CHC system in controlling bacteria and Legionella
in cooling water systems.

Introduction

Identifying, monitoring and controlling Legionella and Legionnaires’ disease have become a
worldwide health issue and concern. Legionellosis is a collectable term describing infection
produced by the pathogen Legionella, a bacterium found water and the environment — naturally
occurring surface water as well as potable and non-potable water supplies.

The mode of Legionnaire infection is the inhalation of bacteria Legionella laden, small water
droplets (aerosol) or aspiration of contaminated water. The disease has two distinctive forms:
Legionnaires’ disease, a severe form of infection that includes pneumonia and Pontiac fever, a
milder illness.

Cooling water systems can frequently be colonized with Legionella bacteria. Several cooling water
systems can readily produce airborne water droplets (aerosol). In industry the primary sources of
airborne water droplets are cooling towers, evaporative condensers, and air wash systems.

In this paper an alternate technology to chemicals is described for cooling water treatment. The
system is a patented, mechanical device using the principles of kinetic energy, chemical equilibrium
and hydrodynamic cavitation to treat fluids. Extensive laboratory testing and field tests have shown
that this non-chemical treatment method can effectively control scale, corrosion and bacteria
activities, including Legionella, in cooling water systems. The emphasis of this paper is on bacteria
and Legionella control / eradication.



Disinfection Alternatives

Overall, there are several common ways to control and eradicate Legionella. Biocides, both
oxidizing and non-oxidizing, have proven to be effective in portable, non-portable and industrial
cooling water applications. However, the use of biocides causes environmental concerns and is
subject to ever-increasing legislation some may be banned and alternatives will be costly.

The use of copper and silver ionization has proven to be effective in laboratory testing and field-
testing. This method is very effective in portable water systems. In non-portable water systems,
especially in cooling towers and evaporator condensers, cycles of concentration can be above 3,
causing the alkalinity and hardness levels to increase, notably calcium levels. Increased hardness
in the recycled water will cause scaling to occur on the electrodes and the effectiveness can be
reduced. Additionally, bacteria resistance can build over a period of time.

Ultraviolet is also effective in portable water systems but, again, it is less effective in non-portable
water systems and in cooling water systems such as cooling towers and evaporator condensers,
where calcium carbonate and/or other solids will deposit on the lamps. In wastewater treatment
applications and cooling water treatment applications, scaling frequently occurs and cleaning of the
UV lamps is sometimes required on a daily basis. In addition, UV may not kill Legionella presence
in biofilms and, if biofilms are present, UV must be used in conjunction with other treatment
methods.

Ozone is effective in portable water but is not as effective in non-portable water and cooling water
systems. The strong oxidation potential of ozone is what makes it most attractive for use as a
biocide in water systems. However, it becomes less effective when there is chemical oxygen
demand (COD) present. The organic matters in water will consume the available ozone. The strong
oxidation potential of ozone makes it corrosive to some materials such as rubber fittings, gaskets,
and certain kinds of metals and alloys. In addition, numerous filed tests have indicated that ozone
has no capability to control scale formation in cooling water systems.

Brief Description of CHC Technology

As mentioned, the CHC system is a side-stream treatment system (Figure 1). It includes two parts:
a CHC unit and a separation/filtration unit in addition to controls and a corrosion coupon rack
(Figure 2). The separation/filtration unit is used to remove the precipitated calcium carbonate and
other suspended solids from the recirculating cooling water.

The patented CHC chamber consists of a pressure equalizing chamber and a cavitation chamber
(Figure 3). Inside the cavitation chamber, two pairs of nozzles are positioned opposite each other at
specific distances, lengths and angles. Sump water is first pump into the pressure equalizing
chamber at a pump pressure of ~70 PSI. From the equalizing chamber, water is channeled into the
cavitation chamber, where water is forced to rotate at high velocities. The rotation of water streams
creates a high vacuum, typically greater than -27.5° Hg. This high vacuum condition causes micro-
sized bubbles to form in the water streams.
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Figure 3. Diagram of the Hydrodynamic Cavitation Equipment



These bubbles are filled with a mixture of vapor and dissolved gases, most commonly carbon
dioxide and oxygen. The water streams in two nozzles rotate in opposite directions. Meanwhile, the
water streams travel forward at accelerating speeds. Upon exiting from the nozzle, the opposite
water streams collide at the mid-point of cavitation chamber. At this point, pressure increases
spontaneously, causing the sudden implosion of micro-sized bubbles. At the moment of collapse,
hydrodynamic cavitation generates intensive shocking waves and produces extremely high
temperatures. Under these conditions, chemical reactions can occur and bacteria are ruptured by
both mechanical and physical forces.

Bacteria Control

CHC technology kills bacteria by a combination of different actions: pressure, vacuum, kinetic
impact and shear force at collision point, hydrodynamic cavitation, sonic waves and oxidizing
chemicals produced from cavitation. The exact mechanism is still under investigation. Nonetheless
the following summarizes two actions that contribute to CHC’s ability to control and eradicate
bacteria.

e Dramatic changes in pressure and vacuum: Figure 4 illustrates the changes of hydrostatic
pressure in water passing through the CHC unit.

e Typically the membrane wall of most bacteria is fragile. Under such dramatic and rapid
pressure changes, over an extremely short period of time (several micro seconds), the
membrane wall is weakened or damaged. The direct impact of shear and collision forces
created by the collision of water streams also contributes to rapture the membrane. Once the
membrane is broken, the liquid components inside the cell will leak out, leading to the death
of bacteria. In addition, extracellular polymeric substance (EPS) associated with biofilm and
which surround and protect free-floating bacteria is readily stripped away and destroyed.

e Microjet — When micro-sized bubbles collapse near a suspended solid or bacteria, it
implodes asymmetrically. A jet of liquid is formed on the side of bubble opposite the
bacteria and penetrates through the bubble at ~ 250 mil/hr. A microjet (Figure 5) is strong
enough to puncture metal plates, causing premature pump failures. It can easily punch
through the cell wall of bacteria.

e Intermediate species — Cavitation results in extremely high temperatures and high pressures
in localized areas. As a result, water molecules are split up and form free radicals:

H,0 - H + OH®

The dissociation of water is thought to be produced by electrical discharges resulting from
hydrodynamic cavitation or by thermal dissociation due to adiabatic compression of the collapsing
bubbles. Hydroxyl radicals can combine to form hydrogen peroxide:

OH® + OH®* —» H,0,



Hydrogen peroxide is also formed by the reaction between hydrogen atoms and dissolved oxygen in
water:
H+ 0, —» HOY*

HO,* + HO,* —» H,0O, + 0O,

These species are unstable and exist for short periods of time. However, they are continuously
generated which contribute to bacteria Kill.

In summary, it is believed that the synergistic combination of actions, dramatic changes in pressure,
vacuum, impact, sheer and hydrodynamic cavitation contribute to the eradication of
microorganisms.
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Laboratory Evaluations

The effectiveness of CHC in eradicating bacteria has been demonstrated over several years by field
tests and independent third party evaluations. Figures 6-7 is a summary of work performed in the
VRTX facility showing the effectiveness of CHC on E. Coli. The data was compiled over a five
year period. Testing performed with Heterotrophic bacteria indicates that this technology is close to
100% effective depending on the number of times the bacteria sees the unit. Data taken at the
Special Pathogens Laboratory shows that in less than 30 minutes of treatment, complete kill of
Legionella is possible (Figure 8).
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Figure 6. Summary of Five Years of E. Coli Laboratory Testing
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Figure 7. Laboratory Testing on Heterotrophic Bacteria
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Figure 8. Test Results at Special Pathogens Laboratory, VA
Medical Center, Pittsburgh, PA (Naturally Grown Legionella
Pneumophila serogroup 1)

Independent analysis of the effectiveness of CHC as a means of controlling Legionella was carried
out by representatives from Merican Sciences, J Usher and G. Hatchhroft and Principle Consultant
Alan Edwards C.Chem MRSC from Alan Edwards and Partners. The analysis was conducted on the
4th August 2008

The basis of the tests was to introduce pure cultures of Legionella Pneumophila serogroup 1 that
had concentrations ranging from 1x10° to 4x10” cfu/liter into the prepared test rig.

The unit was started and the system volume allowed to complete two passes through the CHC
cavitation unit, following an initial sampling regime, samples were taken at zero passes as an origin
and then at intervals of one up to and including 10 passes through the CHC cavitation unit . The
testing method was repeated 3 times with triplicate samples taken at each pass interval. The samples
were taken in accordance with 1SO11731:1998 Water Quality Part 4. Note: The Graphical
interpretation shows mean results of the triplicate samples.

The test rig was constructed using a skid mounted V80 CHC cavitation unit, in conjunction with an
80 gpm circulation pump linked to a 120 gallon HDPE tank.



The graphical data (Figure 9) shows conclusively that the CHC has the ability to reduce the number
of Legionella Pneumophila serogroup 1 from concentrations of 1x10’ cfu/liter to 0 cfu/liter within
5 passes or 6.25 minutes of operation of the unit
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Figure 9. Effect of CHC on Legionella
Pneumophila sgr 1 (1 pass takes 75 sec)

Field Evaluations

Data from third party evaluations of chemical vs. CHC treatment are presented in Figures 10-12.
As seen, CHC treatment performs as well if not better than chemical treatment. In the case of the
Legionella data, CHC significantly outperforms the current chemical treatment. In all cases studies,
CHC can control bacteria and Legionella to recommended levels.
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Figure 12. Legionella Control at a Food Manufacturer

The UK’s Health and Safety Executives (HSE) Approved Code of Practice and Guidance (ACoP)
"Legionnaires' disease: Control of Legionella bacteria in water systems™ (L8) recommends that
routine testing for Legionella bacteria in wet cooling systems be carried out at least quarterly, and
more frequently when a system is being commissioned, or if the bacteria has been identified on a
previous occasion.

In 2006 a CHC system was installed at a British supermarket chain which retails food, clothing,
toys and general merchandise. Legionella and bacteria dip slides were taken for the first 3 months
after system start-up and quarterly thereafter. The results are presented in Table 1. As shown,
Legionella has not been detected and weekly bacteria levels have been below 1000 cfu/mL for over
2.5 years.

Table 1. Legionella Testing at a UK Supermarket*

Nov 06-Jan 07 Feb 07-Jan 08 Feb 08-Jan 09 March 09
3 samples 4 samples 4 samples 1 sample
Legionella ND ND ND ND
dipslides/TVC’s <1,000 <1,000 <1,000 <1,000
(weekly av)

*All tests were done independently and carried out by a UKAS accredited lab

Summary

CHC technology is a non-chemical alternative for controlling scale, corrosion and bacteria. CHC
is targeted for industrial applications (process streams and wastewater streams) and cooling water
systems, cooling towers, condensers and air washers. In these applications scaling and corrosion are
not limiting factors, as they are successfully treated by CHC. CHC’s ability to control/eradicate


http://www.legionellacontrol.com/legionella-legionnaires-disease.htm
http://en.wikipedia.org/wiki/United_Kingdom
http://en.wikipedia.org/wiki/Supermarket

bacteria is not compromised by moderate to high levels of TDS, TSS, alkalinity and hardness
typically found in industrial cooling water systems.

The fundamental principles of CHC allow it to be used in cooling water systems. It has been
successfully tested under laboratory conditions on both lab-grown and naturally grown Legionella.
Equally important have been several field studies and case histories. The technology is promising
and encouraging, and additional validation will come from additional field-testing, verification and
documentation of said testing, in the near future. The latter is ongoing and the results will have to
be over a one-to-two year period. For now, the technology has proven to be sound and quite able to
control and eradicate bacteria and Legionella.
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