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INTRODUCTION

The study of supersonics is attracting more and more
interest from a wide range of applications, It includes
applications of superscnics in various fields of work, such
asj- material testing, ultrasonic agitation, television,
signaling, photographing, cathode-~ray screens, and medicine., The
application of supersonics to sanitary work although still in its
infancy, according to several authors, offers great possibilities
to the experimenters, Items being studied, concerning apvrlica-
tion of supersonics to sanitary treatments are as followingsjie

1, Coagulative effects -« Effect of supersonic waves on
coagulation is not certain as yet. Some experimenters claimed
that supersonic waves do not appear to have any coagulating
action,l but some stated tha.j: they do. The proponents of its
effectiveness in coagulation said that there is a possibility of
radical change in filter plant metheds, and practice., It could
mean either the total elimination or = great decrease in size of
sand filter beds used and the use of a small electronic floccula-
tion unit through which the raw water would flow at a relatively
higher veloeity.® The primary weakness in this hypothesis is
that it was drawn after experimenting with only 2 particular

1n, Beuthe, &, Furbaeh and C. Sorensen, "Water Purificae

tion by Supersonigcs,” the Asmerigan Water Works
ciation, xxxzn'h%‘?f%%

2 p, M, Nielsen, "Electronics in Water Supply and Sewage

g;gag?t.“ Water Works and Sewerage, 92 (September, 1945),



specified suspension, The suspension contained only particles
with specific greavity slightly more than that of the liquid in
which it was suspended and with a size above a sertain mininum,
In ordinary raw water this condition is not true, The latest
information about the coagulative effect of supersonics states
that coagulative effects come about under certain conditions.
Experimentally the effect of ultrasonics on certain suspensions
have shown that the particles seem te attract each eth%ar.
become fastened to ench ether, and fall to the bottom of the
contalner. It is possible by specisl methods to photograph the
details of this mction, It also stated, concerning supersoniecs

in general, that without the presence of gas many actions do not

ocour, whatever changes appeared are unstable, and chemicals

shortly ravert to their original states,®

24 Bactericidel effect - As early as 1930, bacterieidsal
effect of supersoniecs was studied, Two 88060 eyeléanzso watts
oscillators were used at that time. It was found that the
number of survivors of bacteria treated had a straight line
relationghip with the time of exposure, The exverimenters
- géated that the effect was nossibly due to violent agitation
probably within the cells and also possibably due to comminution
by the susrending medium,.4

In 1934 the effect of supersonics on bacteria was studled

3 Bemson Carlin, Ultrasoniscs, pp. 215-216,

4 o, B, ¥illisme and N. Galnes, "The Bactericidal Effects

of High Frequency Sound Waves,"” Journal of Infectious Diseases,
XXXXVII (1930) 485, *



again., With exposure of bacteria toc surersonics for ninty
minutes, & definite high percentage of killing was obtained.®
By exverimenting with and without the vresence of gases in the
liquid it was found that the killing and dissolution of
bacteris by supersonic waves was due to cavitation of the
digselved ga.-aea.s
In 1940 explaination of the killing due to cavitation was

atteapted, Cavitations were produced by supersonic waves in
liguid and it was followed by the compression wave forcing the
liquid around the cavities to collapse with such a force that
the pressure developed is in the order of magnitude of thousands
of pounds to the square inch. It has been found that this
powerful mechanical action of alternate low pressure followed
by extremely high pressure at rate of 8900 times per second has
& killing action on bacteria, The relationship between the
number of survivor bacteria vs time of exposure was studied
agein, It was also straight line relationship. Sterilization
cannot be obtained and probably more powerful oscillators are
required to attempt sterilization, as stated.”

—Latest information, published in 1949, didn't say much

5 8. Cs Liu and A, C, H. Yen, "Effect of Supersonic WVaves

on Bagcteria," Proc t d XXXI (1934)
- froc, Soc. Expt, Biol, and Med,,

% s, ¢. Liu and A, C. H, Yen, “Purther Studies on the
Effeet of Supersonic Waves on Bacteria," Progc, Soc, Expt, Biel,
and Hed,, XXXII (1934), 485-488,

7 Ds Po Legally and G. W. Patterson, "The Action of High
Frequency Sound Waves on Bacteria," im, J. Thawm,, 112 (1940),
373=3774
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EXPERIMENTS

Scurce of supersonic energys~
“Ultrason, " model m-we‘.
Téloviso Produet Co,, Chicago.,

Dessriptionsi~

¥Model U«300 ﬁay be used for either reésearch, where high
power is requisite, or for production applications. | This
instrument preduces a maximm e;f 300 aocoustic watte in oil
bath with a small varisble frequency yange, A uniciue develope~
ment of the crystal holder is tﬁﬁt it may be used to treat
solids, powders, or may be a eontinusl flow of chemicals that
are conduotive or nonegonductive "to eleoctrie currents, It
produces a frequency of 450 kilooyecles per second and an
electrical output of 900 watts.

It has & range of frequencies, but 450 ke, is the cptimm
for the crystal, If the equipment is in good coperating order,
the maximm power input should be about 1200 watts. It
operates at approximately 85 percent sffisiency and therefore
is applying up to 900 watis of smergy to the cryatal,



EXPERIMENTS I & II

Datej- March 9th, and 11th, 1949,

Purposej- To find out the total bacteria count of Boomer Lake
water which is the raw water of the Stillwater Water
Plant,

Procedurej~ Prepare three plates, each with 1 ml, of sample and
agar and another three plates, each with 1/10 diluted
sample and agar culture, Culture the plates for twenty
four hours and make the counts,

Results= The 1 ml, plates had too many colonies of bacteria
to be counted.

Total counts for 1/10 ml, plates -~
Ixperiment I 107
Experiment II 76
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EXPERIMENT IV

Datej= April 4th, 1949,

purpese;- From the result of last experiment, it was fmd
that time of exposure had little effect on the percentage
of killing. It may be explained by the reason that
there were a definite percentage of bacteris which will
not be killed by the supersonic waves no matter how long
it is exposed to the waves. Thinking that one minute of
exposure is enough to kill all bacteria that are to be
killed, the time of exposure in this experiment will be
decreased to a slightly lower range to see if the decreased
time of exposure will lessen the percentage of kill, From
other literature and according te Mr, Viernstein, it is
known that there is 754 loss of energy when the supersonie
waves are transmitted through glass, Tubes with & thin
metal sheet as bottoms were tried. In general, the purpose
of this experiment is still to find out the percentage of
kill of bacteria in Boommer Lake Water after subjection to
supersonic treatment.,

Procedures- The untreated control plates were prepared as in
Expe. I. Three glass tubes were prepared as in Exp. III,
and treated with different times of exposure of + min., 1
min, and 2 min, respectively, The plates were prepared
for the treated samples as in Exp, III, 8Six metal test
tubes with 50 ml, of sample water each were prepared. The
tubes are to be 0.8" in diam., and with a brass sheet of



(Exp. IV, continued)

0.006" at the bottoms, They were treated the same as the
glass tubes, with two tubes for each time of exposure.
Results~ Frequency and intengity of the waves used are the same

as in BExp. III,

Treatment  Type of Time of Average
tube killed
1 glass "2 min, 37.5%
3 glass 4 min, Bl.2%
4 metal : 2 nin.
78,57
5 metal 2 min,
6 metal 1 min,
80,67
7 metal 1 min,
8 metal + min,
| 864,67
9 metal & min,

The result still can not tell us anything about the effect
of different time of exposure, but it is certain that the
metalesheet bottomed tubes are more effective than the

glass tubes,



EXPERIMENT V

Dates- April 1llth, 1949,

Purpose;~ Preparation of supersonic treatment on a special
type of bacteris,; namely E, Coli, To detemine the E,
Coli density in a pure E, Coli culture go as to find out
the proper dilution of the culture to be treated.

Procedures- Dilute the pure E., Coli broth to 1/100,000 and
1/1,000,000 dilutions, Make three agar plates of each
dilution, Count the plates.

Resultj~ Counts on the 1/100,000 dilutions are too numerous
te be ecounted. Counts on 1/1,000,000 (mil.) dilution

averaged 300,



EXPERIMENT VI

Datej~ April 25th, 1949,

Purposej= To find out the effeot of supersonic waves on & pure
twventy~-four-hour culture of E, Coli bacteria.

Procedureg~ Dilute the pure E. Coli broth to one in three
hmdred thousandth with sterilized water to form eontrol
solutiom. According to Exp, V, the count of this diluted

solution will be approximately 1,000,
1 ml. 1l ml. 10 ml.

control
solution
1/300,000
dilution

Detemine the counts in the gontrol solution by muking
plates with a 1/10 dilution and & 1/100 dilution,
Prepare the same six metal tubes as used in Exp. IV with
50 ml. of the gontrol solution each, Treat the solution
in the tubes under supersonic waves with different time
of exposurej- namely 1 min., 20 sec., 10 sec, and 5 seoc,
Prepare plates with 1 ml, of treated solution straight and
1/10 dilution and 1/100 dilution each, and count.

Resultj~ Freguency and intensity of the supersonic waves used
are the same as used in Exp, III,
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EXPERIMENT VII « XII

Datej~ Oct, 4th, = Nov. 15th, 1949,

Purposes~ To find out the effect of supersonic waves on a

pure twenty-four~hour culture of E, Coli under the

condition of various combinations of times of exposure,

frequencies, and intensities,

Procedures~ Dilute a twenty-four<hour broth culture of pure
E, Coli to one in three hundred thousandth as in previous

experiments,

prepare the metal tubes with 50 ml, of this

dilution as in previous experiments. Subject the tubes to

supersonic waves under the combinatione of times of

exposure of 10 sec,, 20 sec, and 1 min,, frequencies of

425, 450 and 475 kilocycles per sec., and intencsities of
from 195 watts to 694 watts.

Resultj~ Percent of E. Coli killed by supersonic treatments,

Time of

exposure

425 ke.

450 ke,

475 ke,

(195 w.

10 seec,

20 sec.,

89,007 |
86.36%

- mine |

644 w,

247 W,

625 W,

300 Ve

694 w.

(86,4372
90.91%

99,007 |
94,507

| 95,457 |

| 88,807

99,865
99,454

| 94,507 [100,00%

99,647 |
08,427

47,102
93,327

2! .4&2_‘

| 84,607

Yotej~ By using the same metal tubes, used in supersonic

treatments, as a container for control, it was found that

the metals, themselves will kill about 20 to 25% of bacteria

in about one hour of time, which is needed in the process

of treatments.
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In the experiments pexrformes, it seems that sterilization
with supersonic'wavea is still not certain., Although the
combination of 450 ke. frequency, 625 watts and one min, of
exposure gives 1007 kill, there is the factor of Oligodynamic
effect of the metal tubes, Since metal tubes with thin copper
pig@e bottome are the best containers svailable to insure the
least absorption of the supersonic waves, there is no way to
find out if the zbove combination has sterilized the pure Coli
solution alone,

Acecording to earlier experimenters, the cause of killing
action of supersonic waves on bacteria is probably due to
violent agltation of the bacterié ¢cell, and the comminution
by suspending medium,

In order to keep the Coli eﬁlture pure, all dilutions
were made with distilled water which oantgined no solid
particles, If in case of actual water treatment, raw water is
iikely to contain all kinds of impurities which will certainly
helyp to eomminute the bacteria when treated with supersonic
vibratiens. ’An mentioned in the introduction, more recent
experimenters thoﬁght that supersonic waves kill bacteria by
means of cavitation, Foming cavities requires the presence
of dissolved gases., The same kind of difficulties can be seen
here in the facf that the distilled water obtained in the
laboratory contains very little or no dissolved gases while

ordinary raw water will contain substantial gquantities of

14
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various gases.

The difficulty of relative absence of dissoclves gases in
sterilized water for dilution may be overcome by a special
procedure., If a setup by means of which eir can bubble up
through a strong solution of chlorine, is available, we can
always bubble the air again through the sterilized water to
glve dissolved gas in the water., Such air may carry a large
iﬁg;gh amount of chlorine wvapor into the water to effect kill
of bacteria, Then it should be allowed to pass through s
sodium thiosulphate solution before it reaches the water.
Sodium thiosulphate will react with chlorine to take the
chlorine out of the air.. By such means, it is possible to
produce cavitation in the water by supersonic waves and thus a
better kill of bacteria may be the result,

Another improvement may be made on the experiments. In
the first few experiments the containers to hold the bacteria
to be treated were glass tubes, Although they are the flat
bottom type of tubes they still prevented too much of the
supersoniec power to go through them, It was very obvious, as
the percentage of kill inereased when metal tubes of thin
bottoms were used. Nevertheless what the optimum thickness
to pemit maximum transmission is yet unknown, The thicikmess
of 0.,006% of the copper plate used is only arbitrary. If only
a sultable recieverll to measure the energy of the supersonic

waves was available, it would be easy to find ocut the astual

11 General Hlectric Company puts out such recievers,



wave length used, With the thickness of the bottom of the
metal tubes equal to the minimm thickness pessible and yet
equal to an integral mumber of the half-wnve lengths, maximum
amount of emergy is tranmmitted through the bottoma.l? 1¢
0,006" is not an integral mumber of the half-wave lengths, it
would be very easy to lmprove the result of the experimenis Ly
using a more suitable thickmess for the bottoms of the tubes.
- The eeoncmy of using superscnics in water works will
probably depemd upon the field of the mperaenie machine,
Usually the absorption of power from supersonic waves is small
in water. Deep sea sounding work was done with supersonie
waves., 1t would have been impossible if water absorbes too
much of the wave energy. So it ies gquite pessible that super-
sonic waves will penetrate a greater depth of water than that
uged in the experiments. Besides, the time of exposure of

one minute is much less than what was used by previous
experimenters.l3 Thereftre if the capacity of the field of the
supersenic machine gan bve assumed as two oublic feet which is
not very much, it will be much cheaper to treat water with
supersonic vibrations than with chlorine.l4

12 », Cochran and R. W, Samsel, "Ultrasonios," General
Eleotris Review, XXXXVII (Angust, 1944).

13 50 minutes of exposure were used by Yen and Liu, Logc.
« TAt least 10 minutes of sxposure to the supersonios,
L7 é‘;le %o show result.® stated by Williams and Gailnes,
iec. git.

14 paged upony~ 1 ppm chlorine dosage, 10 ¥ per pound
of chlorine and 2  per kilowatt hour of electriecity.

16



1%

ﬁd“\‘i‘ T

She resulis of these ex u@rﬂmm:u phow definitely thet
there iz = noarly 1004 kill of H. Celi by mesns of suzersonic

trestment under the eonditions of the experiments. Whether

oY miei‘: siyneyreonics oan hs used Tox digi fafztic}h in sonitowy
tra wt,mm;, rema inm o be geen with further comerinoent.

»

] v, Le?f%m gﬁ; sbed that supersonic effccts on ene spocies .
of ’és:dmeri& mﬂ,y’ be just the epposite to the of a,et on sunother
specics. Therefore it is improper to soy that .zsm}em@ma trent-
ment con ?a@ used Tor disinfectien, unlaess em@rm@ais have beon
perioyacd with 211 wobtey borne pothogenie bocteria. Weverthoe
less it is gemerslly recognized thot ¥, Coli is en iﬂ@iﬂ&tﬁ?

of Togal pollution. If 1007 kill ecan be obteined on H. Coli,
possibly with propey reguls tmn of power inputs irs@umcy snd
other 31’132'&»’:10%1 faectorg, satisfoctory kill ef pathogens may be
obteined. Therefove the 'ﬁ@@&liﬁ of "1:-%1?3?‘{3 experin ents indivated
tiwt there is o good pougibility of uvsing shgaersmms, mf:’g.ﬁiantu

1y for dispinfection in sanitary work.



18

Bergmamn, Ludwig, Ultrasonics §gim§ng, [+
W o Wﬁg and Sms’ ce 1939,
Tran ed by Hatfield. He Se)

B“thﬁ, Ht' Fﬂib&&h' E. md- sommw&ter Purification
Suparm cs."” Watsr Works
Carlin, Benson. tn ies. New York: MoGraweHill Book
Company, Inc.s 1

" Cothren, D. and Samsel, R, W, "Ultrasonics." General Electric

Review, XXXXVII (Angust, 1944), 39-41.

Legally, D« P. and Patterson, G W. "The Aotion of High
Frequency Sound Waves on Bacteria," Am. J. Fhamm. 112
(1940), 373=377.

Liu, S. C, and Yen, A, C., H, 9Effect of Snpersmic Waves on

Bacteris.® Prog. Sog. Expt. Biol. snd Ned. (1934)
Bacteria.” Proo. Seg. Expt. Blol. snd Ned., XK ’

Liu, Se C, &8nd Yen, A, C, Hs¢ “Further Studies on the Effect of

Supersonic Waves on Basteria." Prog. Sog¢. Expt. Biol.
Med., XXXII (1934), 485-488. * =ad

Hielsen, D, M. "Electronics in WVater Supply and

Sewage
g;;agft.“ Water Works and Sewerage, 92 ( September, 1945),

Will%{ﬁ, 0, Bs and Gaisa ”a. %t’

XXXZVII (1930), 485,






