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Sterilization by
Electrohydraulic Treatment

Abstract. Electrohydraulic treatment
was applied to suspensions of Esche-
richia coli, spores of Bacillus subtilis
var. niger, Saccharomyces cerevisiae,
and bacteriophage T-2, as well as to
raw municipal sewage. These suspen-
sions were all sterilized. Data are pre-
sented to show the different degrees of
treatment required for each micro-
organism.

Electrohydraulics is a new process
for converting electrical energy directly
to other useful forms of energy. It de-
pends upon the discharge of a high-
voltage arc under the surface of a liquid
medium. Arc discharge results in the
generation of extremely rapid—-rise, high-
pressure shock waves and highly active
chemical species. The process results in
no perceptible rise in temperature; it is
virtually instantaneous and completely
electrical in nature. Except for a trace
of electrode-erosion products formed
by the arc, no foreign materials or
chemicals are added.

Suspensions of various microorgan-
isms were subjected to multiple electro
hydraulic discharges which resulted in
complete sterilization of the medium,
but no morphologic alteration in the
microorganisms studied was observed
after this treatment. The total energy
necessary for complete sterilization
varied with the species.

The electrical equipment consists of
a power source fed to a high-voltage
d-c power supply, a capacitor bank,
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charging resistor, and the necessary
triggering switch circuit. Energy is
stored in the capacitor and discharged
to an underwater arc gap. In operation
the capacitor is charged to the desired
voltage by the power supply, thus stor-
ing energy: J = Y2 CE?, where J is the
energy in joules or watt seconds, C is
the capacitance in farads, and E is the
voltage. The electrohydraulic effect is
obtained by dumping (discharging) this
stored energy through a cable into the
gap located in the sterilizing tank con-
taining the liquid to be treated.

The equipment used was capable of
operating at variable voltage, to 14 kv,
at a capacitance from 5 to 95 pfarad,
and had an inductance in the range of
2.5 phenry. It was designed to operate
automatically at an arc discharge rate
of 0.8 to 30 times per second. The
repetition rate, however, had to be
chosen commensurate with the energy
discharged, so that the power-supply
charging rate was not exceeded. The
sterilizing tank consisted of a S5-inch
(12.7-cm) length of schedule 160 stain-
less steel pipe, 5 inches in diameter,
with flanges welded at both ends to ac-
commodate bolted lids sealed with O-
rings (Fig. 1). Electrodes covering a
range of gap sizes were fabricated.

Cultures of the following organisms
were tested: Escherichia coli ATCC

11229, Bacillus subtilis var. niger ATCC
9372, Saccharomyces cerevisiae ATCC
2338, and E. coli T-2 bacteriophage.
Raw sewage was also tested in an ef-
fort to demonstrate efficiency in treat-

Fig. 1. Electrohydraulic sterilization tank (two views).

Table 1. Electrohydraulic energy required to
kill bacterial and viral species suspended in
distilled water. The total time of treatment
was less than 1 minute.

Initial conc. Total
. (cells or energy
Organism particles per (watt hr/
milliliter) gal)
Escherichia
coli 22 x 107 6.9
Spores of
Bacillus subtilis
var. niger 9 x 108 10
Bacteriophage
vl 108 10
Saccharomyces
cerevisiae 9.3 x 10¢ 31
Raw sewage 1.7 x 10* 5

ing material composed of a naturally
occurring variety of microorganisms.

Escherichia coli was cultured on nu-
trient agar slants in milk dilution bottles,
at 37°C for 18 to 20 hours. The cells
were suspended by gentle washing in
0.01M phosphate buffer and were
passed through Whatman No. 1 filter
paper. Immediately prior to treatment
they were diluted in a 10- to 100-fold
volume of sterile distilled water. The
number of viable cells was determined
by duplicate plate counts in nutrient
agar, the average number being 108 per
milliliter. Bacillus subtilis var. niger
was  cultured in similar manner, at
37°C for 48 hours. After the cells had
been washed from the agar surface with
buffer solution and filtered through
filter paper, the suspension was treated
at 56°C for 30 minutes to destroy any
vegetative cells, leaving only spores.
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Duplicate plate counts were made after
dilution of the spore suspension in
sterile distilled water prior to electro-
hydraulic exposure. There were approxi-
mately 5 X 105 spores per milliliter of
sample. Saccharomyces cerevisiae was
grown on Sabouraud’s glucose agar, at
25°C for 20 hours. Cells were removed
by gentle washing in 0.01M phosphate
buffer and diluted 1:10 to 1:20 in
sterile distilled water. Prior to treat-
ment, the number of viable cells was
determined by duplicate plate counts on
the growth medium; they averaged 107

cells per milliliter. Bacteriophage T-2
was cultured in nutrient broth on its
host organism, E. coli B, and harvested
at 18 hours by filtration through a
Seitz filter. Following dilution in sterile
distilled water, the number of phage
particles was determined by plaque
counts on nutrient agar seeded with
the host organism. Raw municipal sew-
age without dilution was treated in the
reaction chamber. Plate counts were
performed on the sewage before treat-
ment and yielded counts in the range
of 10* organisms per milliliter.
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Fig. 2. Typical electrohydraulic sterilization data: viable organisms versus input energy.

Numbers indicate joules per discharge.
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For testing, 1200 ml of a suspension
of the microorganism in sterile distilled
water was put in the sterilizing tank.
An initial sample was withdrawn and
placed in an ice bath for determination
of the number of organisms present
prior to treatment. The tank was then
sealed and the contents were subjected
to a multiplicity of electrohydraulic dis-
charges, with varying voltage and ca-
pacitance. Samples were removed at se-
lected intervals that corresponded to
increased doses of electrohydraulic
energy. Tests were made in which the
voltage was varied and the capacitance
kept constant, and vice versa.

After treatment bacterial or yeast
samples were plated on nutrient agar or
Sabouraud’s glucose agar, respectively,
in duplicate, and the count of viable
organisms was determined after 48
hours of incubation. The effect on bac-
teriophage T-2 was assayed in the same
manner by plating serial 10-fold dilu-
tions on nutrient agar seeded with the
host organism, E. coli B.

Complete kill of a variety of micro-
bial species in distilled water was ob-
tained by electrohydraulic treatment
(Table 1). In all cases total time of
treatment was less than 1 minute. Sus-
pensions of all organisms were com-
pletely sterilized by the use of sufficient
energy. The degree and rate of kill at
any given set of input parameters were
dependent upon total energy input. The
energy required to effect complete steri-
lization varied with the initial number
of organisms in the suspension. Com-
plete sterilization of the suspension of
spores of B. subtilis var. niger required
about one-and-a-half times the energy
required for the suspension of E. coli.
The most resistant organism tested, S.
cerevisiae, absorbed more than four
times this amount of energy before the
count of viable organisms was reduced
to zero. The rate of kill, essentially a
straight-line function of input energy,
is illustrated in Fig. 2 for certain se-
lected data, and results are reproducible
at established levels of voltage and ca-
pacitance. Rate of kill varies with
changes in voltage and capacitance, the
greatest effect being at lower voltages.

When treated suspensions of E. coli
and S. cerevisiae were stained, no dis-
ruption of the cell wall was seen. Nor
was the antigenic structure of E. coli
altered by electrohydraulic treatment,
since the treated organisms could be
used in the preparation of a vaccine.
Rabbits that received six intravenous in-
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jections of the treated bacterial suspen-
sions over a 2-week period showed no
evidence of toxicity and responded with
the same increase in antibody titer that
rabbits treated with formalinized vac-
cine did.

The presence of protein in the re-
action solution reduced the effectiveness
of treatment, and increased energy was
required for complete sterilization.

The mechanism by which death of
the various species occurs is not known
but is under investigation. The fol-
lowing facts are pertinent to this inves-
tigation. ‘Death does not occur by dis-
ruption of the cell wall. Electrohydrau-
lic discharge does result in the forma-
tion from the water of very active
chemical species, such as free radicals
and ions that are short-lived but may
be responsible for the effect. The high
shock-wave pressure resulting from the
discharge may cause these active chem-
ical species to be forced through the
cell wall, thus enhancing their effect.

The fact that increased energy is re-
quired when protein is present suggests
that protein in solution may absorb
these active radicals and ions and in
this manner diminish the effect. Shock-
wave pressures do not cause any per-
ceptible damage to the cell wall, but
they may cause internal damage, and
this may result in death of the bacterial
cell. -
Electrohydraulic treatment is an ex-

tremely effective, essentially instantane-
ous, and inexpensive way to sterilize
water and sewage without a rise in
temperature or the addition of chem-
icals or foreign materials.
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General Electric Company,
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Department of Microbiology, Albany
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Disinhibition of Visually Masked Stimuli

Abstract. Backward-masking conditions were established for a pair of circular-
patch stimuli. A third stimulus was then selected so as to mask the second when
the second and the third were presented in the absence of the first. When all three
stimuli were presented in serial order, the first and third were reliably detected
but the second was not. Apparently, by masking the second flash, the third “dis-

inhibited” the first.

Crawford (Z), in a now classic experi-
ment, demonstrated that subsequent
stimulation reduced sensitivity to a
preceding flash. He found that when a
second “conditioning flash” (CF) of
12° area and 524-msec duration fol-
lowed a 10-msec, 0.5° “test flash”
(TF) by as much as 100 msec,
threshold sensitivity to TF was elevated.
This phenomenon of backward mask-
ing has been reported subsequently by
a number of investigators (2, 3) and
has been reviewed recently by Raab
(4). It appears, moreover, to be a
general property of sensory informa-
tion processing, demonstrable in the
skin sense (5), in audition (6), and in
color vision (7).

Crawford’s explanation of backward
masking was rooted in “transmission-
time” interactions; that is, CF, being
greater in area and duration, overtakes
TF in the processing through the visual
radiations and arrives earlier at the
cortical level. More recently observed
conditions (3) in which the preceding
TF must be more intense than the
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following CF, however, require a more
dynamic neuroinhibitory mechanism
than is implied in transmission effects.
The experiment here reported describes
a preliminary attempt to suggest such
a process. Specifically, it extends classi-
cal backward-masking research by in-

“corporating a third stimulus, one that

follows TF and CF at an interval
short enough to mask CF. Under these
conditions, it was of interest to deter-
mine the resulting effects upon the de-
tection of TF, the first in the train
of three flashes.

Two male laboratory assistants, naive
with respect to the specific experi-
ment, were used as subjects. Stimuli
were presented by means of a Scientific
Prototype Three-Channel Tachistoscope.
Each channel of this device holds a
pair of argon-mercury vapor-discharge
lamps. The associated timing circuits
permit continuous control of the flash
duration of each field and of the in-
terval between successive flashes, .from
110 usec to 110 seconds. Stimulus area
is varied by inserting fixed-diameter

apertures in the frame-holders of each
field, which are positioned anterior to
the respective lamp compartments. Al-
though coarse intensity controls are
available, nonlinearities require the use
of neutral density filters for accurate
variation of luminance.

In the present experiment, three aper-
ture diameters were used; field 1 con-
tained a circular aperture of 2 mm;
field 2, 4 mm; and field 3, 8§ mm. At
the viewing end, 18 inches (46 cm)
from these apertures, these circular
patches subtended 0.23°, 0.46°, and
0.92° of visual angle, respectively. With
opal diffusing screens positioned be-
tween source and view, the overall con-
figuration provided circular flashes of
different areas and homogeneous lumi-
nance, the latter maintained at 5.0
mlam, for each field.

After 10 minutes of dark adaptation,
subjects were given practice in identify-
ing each area with an appropriate num-
ber; 0.23° = 1, 046° = 2, and
0.92° = 3. Subjects were told that,
on any given trial, any one or com-
bination of areas could be presented
simultaneously or successively. Their
task, at the end of a presentation, was
to report whether 1, 2, or 3 or any
combination had been presented. The
experiment consisted of 400 trials per
subject: 50 at each of four TF-CF in-
tervals (25 msec, 50 msec, 75 msec,
and 100 msec) in the absence of a
third flash, and 50 trials at each of
the same four intervals in the presence

100

a—_—"'".‘.
80 |-
—‘
8
& 60|
"
w
]
=
S
& 40r
e
u Two flashes
20 ~e=e=~=3rd flash
following 2nd
by 20 msec
0 1 1 ! 1
o 25 50 75 100

Interval between Ist and 2nd flashes (msec)

Fig. 1. Pooled data from two subjects
showing percentage of first flashes de-
tected as a function of the interval be-
tween first and second flashes for two
conditions: one in which no third flash
followed (solid curve), and one in which
a third flash followed the second by 20
msec (dashed curve). Each point is based
upon 100 trials.
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