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EXECUTIVE SUMMARY

Several bacteriologically inoculated challenge waters were treated with WSI oxygen and
peroxide cells at various currents. The challenge waters were spiked with bacterial load
equivalent to 3X of what would be expected in drinking water. All cells that generated
peroxide killed bacterial from 100,000 HPC to less than 25 in 40 — 60 hours. Lower
currents (.02 amp) required the longest time while higher currents required shorter times.
The cell that generated oxygen only (albeit there was some initial peroxide residual)
exhibited initial microbial kill but quickly rebounded to bacterial proliferation. This may
be due to preferential kill of anaerobes or the inability of the cell to maintain sufficient
peroxide to counteract the catalyze generated by the microbes. This is likely a moot point
since regulatory agencies do not differentiate among organisms. Rebound experiments
on the peroxide generating cells show no growth in 7 days. Significant rebound was
found after 60 days off line. Future work should include development of a protocol for
water cooler testing. Most important findings are low current levels of peroxide
equivalent to 0.01 amps provide bacterial kill and effective residual which may allow
small, low cost cells for this application.

TEST OBJECTIVES

One potential application for the oxygenation/ peroxygenation technology is to provide
disinfecting protection for water coolers and devices of this ilk. Water coolers suffer
from microbiological contamination introduced via air or continued growth of species in
the provided water. If water turn over is relatively low, this growth could be significant,
causing health concerns. In addition, biofilm formation occurs in the delivery lines due
in part to low velocities and long residence times. It is desirous to have a non — chlorine
disinfectant that can maintain the system biostatic.; that is provides an environment



wherein microbes do not multiply to a population greater than that originally present in
the delivered water.

The tests described were designed to model a water cooler environment wherein there is a
supply reservoir fed by either a bottle or direct line to a purified water source. This
reservoir is in general relatively small compared with the delivered water source (which
could be bottles or direct line). The intent was to provide an environment within this
reservoir which deters microbiological growth or reduces the microbiological population.
This “treated” water would then flow through the supply lines, reducing or eliminating
biofilm formation.

TEST PROTOCOL

Due to the importance of eliminating disinfection due to active chlorine species that can
be formed at the anode, distilled water was employed. Reagent grade sodium sulfate was
added to provide conductivity of 1100 micro Siemens. This eliminates issues of heat
build up which can reduce the oxygen concentration and decompose any peroxide that
can be formed at the cathode.

In order to impose as much uniformity as possible to the tests, it was deemed necessary
to provide a relatively accurate count and type of organisms. Hence the treated water was
autoclaved to eliminate indigenous microbes and “inoculated” with known organisms.
The amount of inoculant was designed to emulate approximately three times the plate
count expected in an approved drinking water sample.

Three liters of this sterile/ inoculated water was placed into four identical plastic
containers which were painted on the outside to eliminate photo-degradation of any
peroxide formed.

The inoculant, or isolates, were collected from 48 hour cultures of MMO-MUG media for
total coliforms and E. Coli. The MMO-MUG cultures were negative for total coliform
and E. Coli. With an additional incubation period at room temperature negative samples
may develop turbidity indicating the presence of non-coliform heterotrophic bacteria.
Four turbid samples were streaked on R2A agar and incubated at room temperature.
Three grew, apparently in pure culture. Single colonies were picked and subcultured on
R2A. The 24 h subculture was Gram stained. Isolates were Gram negative rod-shaped
bacteria.

Six day old subculture plates were washed with ImL phosphate buffer and 0.5 mL was
collected by pipette from each culture and pooled. The pooled inoculum was diluted in
sterile water for the control and three cells and counted with a Spiral Systems spiral plater
and laser counter. Samples from treated and control tests were counted on R2A agar
plates incubated at 35 degrees.

TEST RESULTS
Two tests were done with the following parameters:



TEST ONE

SAMPLE DESIGNATION OPERATING CURRENT
CONTROL 0
CELL 1- UNCATALYZED CATHODE .01 -.02 AMPS

CELL 2 —-UNCATALYZED CATHODE

.11 AMP - .08 AMPS

CELL3 —UNCATALYZED CATHODE .08 AMP
TEST TWO
SAMPLE DESIGNATION OPERATING CURRENT
CONTROL 0
CELL 1- UNCATALYZED .04 AMP
CELL 2- CATALYZED .04 AMP
CELL 3 UNCATALYZED .02 AMP

The plate counts versus time are shown below in tables 1 & 2 and Figures 1 & 2:

TABLE ONE

TEST ONE, THREE CATALYZED SAMPLES - plate counts, colonies

per square inch
CELL 1, CELL 2, .11- CELL 3, .08 -
HOL | CONTROL | .02A .08A .03 A
15 92,000 14,000 2300 1000
39 140,000 5300 25 250
63 100,000 25 25 25
TABLE TWO
TEST 2- TWO UNCATALYZED, ONE CATALYZED
cell 1, uc cell 2, cat cell 3 uc .02
HOL control .04A .04 a amp
0| 83,000 83,000 83,000 83,000
3.8 | 300,000 45,000 67,000 50,000
7.6 | 550,000 17,000 50,000 39,000
26 | 370,000 120 120,000 4,100
55 N/A 25 330,000 2,900
66.5 | 500,000 25 240,000 500




FIGURE 1, TEST ONE

Plate count vs. Time, 3 liters innoculated water
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FIGURE 2, TEST TWO

Plate count versus time 3 liters innoculated water
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Rebound data:
The four water samples from test one were retained and sampled for rebound. The data is
summarized below:



TABLE 3- Rebound Data for Test One Only uncatalyzed cathodes
DAYS OFF | CELL1 CELL2 | CELL 3 [ Control

1 75 25 25 | 130,000
3 25 25 25 | 330,000
7 25 25 25 | 540,000

60| 97,000 | 89,000 9,200 | 600,000

It can be seen that the cell which had the fastest kill and highest average peroxide
concentration still had much lower plate counts than the other two cells. However, the
most important conclusion is that significant rebound will occur unless there is
continuous dosing or intermittent dosing at least every day.

TABLE 4: AVERAGE PEROXIDE CONCENTRATION VERSUS CURRENT —
UNCATALYZED CATHODES:

Current Range, amps Peroxide level, ppm Time to <25 HPC
.01-.02 6-12 60 hrs

.06 19-20 40 hrs

11 25-30 40 hrs
DISCUSSION

The data indicates that even at low current levels, the peroxide generating uncatalyzed
cathodes provided bacterial kill. Higher current levels provided more rapid kill albeit
increasing the current to above about .06 amps did not significantly decrease kill time
indicating an alternate rate determining step, i.e. it may just take that long to kill bacteria
with low strength hydrogen peroxide. It must be remembered that the initial bacterial
load on the test waters was at least three times that expected in “drinking” quality water
so the kill times and current requirements are somewhat over-estimated.

The catalyzed cathode did show initial kill but after several days the bacterial count
actually began to rise to levels approaching the control. Several explanations are
possible:

* The oxygen only killed all the anaerobic bacteria allowing proliferation of the
aerobic bacterial which can now feed on dead anaerobic species and the carbon
source they previously fed on. No speciation was done to verify this and since no
regulatory agencies really differentiate among bacteria, it is really a moot point.

* The organisms ultimately generated catalyse which readily decomposes peroxide
at a rate greater than the cathodes made peroxide. (Even the catalyzed cathodes
generate small amounts of peroxide. Water treated with the “oxygen only” cell
exhibited peroxide levels of about 1 — 2 ppm in about the first 24 hours and no
peroxide residual after that which to partially support this supposition).




FUTURE WORK

It is recommended that a test be developed with an actual operating water cooler which
relies on indigenous bacteria for contamination to help define the requisite operating
conditions for the cell. This will be done in conjunction with a candidate customer.

No additional rebound analyses will be taken.



