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llTRODUCTI 

The study of upereonics io attr;eting mor and more 

interest from a wide range of pplications .. It incl udes 

apr lications of oupersoni cs in various fields of work. such 

a.a; - terial testing. ult r sonic itation , television , 

l 

eigna.l ing, photographing, cathode ... r:: y ereons, and medic ine. The 

application of suyersonics to sanitar,y ·ork although still in its 

infnncy, ooor ing to several authors , offers gre t voaaibili ties 

to the experimenters . Item being udied t concerning ap lica-

tion of superoonies to sanit ry t reatmente a re s followings; • 

l , Co gul tive effects - feet of supersonic wave~ on 

coagulation is not certain as yet . Sa e perimenters claimed 

that su ersonic waves do not appear to h ve any co gulat i ng 

a ction , 1 but some stnted that they do. The roponento of it~ 

effcctiveneoe in coa.gul 0 tion said :tht there is a possibility of 

ic 1 change in filter pl nt ethods , ~nd pr a ctice. It could 

mean eith r the t tal elimination or a gre·t decreaoe in s i ze of 

eand filter beds used and the use of a o.11 elo.etronie flocaula.• 

tion uni thro gh ~hich the raw w te ould flo r a t a rel·' tively 

higher velocity . 2 ~ha prl.l'.llfi!ry weakness in this hypothesis is 

tbat it wa a dr- wn ter ex~oriment i ng with only a particula r 

1 • Beuthe, ~ . Furbaeh and. c. Sorenoen, 1.ater Purifi c • 
tion by Supersonics , Journal .2! ~ .American · later ~­
Aos!ociation, XXXIII (1941) , 3?3. 

2 D. -• rielaen, u.z1 ctroni es i n ' ter SUpply nd Sewage 
Trea ent , 0 iat er · or ks ~ fJ. er aJ~o , 92 ( Sept :ber, 194"') , 
2'71- 74 . 



apeoU'ied auapaaion. The suapeaaien eontained onlJ' partiolea 

with QMiflo canty slightly more than that of the liquid in 

vldcm it was suspended an4 with a. a1ze abow a oenain alninum. 

lD erclina17 raw vat.er thla oond.it1on 1a not tne. The la.est 
' ' . 

1ntomation abotat tbit ooaplatJ.ve etteot at eupereonica eta\ea 

that ooaau1&tf.ve etfuta .--e- about uader certain aondltiona. ,. 

J&xp•rimeatally the effect of lll.tn.aonloa cm oeri.ain auap•eione 

Ila.Te 9hoWn that the part1olee ••• to attra.c.it eaoh ~r. 

'beeaae fastened to each other. an4 tall t-o the 'botta of the 

oonta1ner. It la poaa1'b1e 'by S'PfkJlal methed.a te p~egraph the 

c.tetaila of this action., It alao a'ta'ted.• ooneemtq aupel"Nrliea 

111 caera1. .. tlm.t without the preaaee of gas many actions u net 

ocour. vhateTU' olumgea appeare4 an a.table• an4 ehaaioala 

ah.ortly" NYn't. to their orictaal atatea.a 

a, Ba.otericidal effect• A.a early a.a 1930, ba.oterie1dal 

effect ot eupe:rsonioa vaa studied. Tito 88GO oyolee-250 watt• 

oseillato:n were used at that time. It was teund tb&t the 

1lll1UU' et eurrivors of bacteria treatecl'ba.ti a atra.t.ght line 

rel&t 1onab1:p vith the tlm.e ot ezpoltllft. The experimenters 

--11~t• ... , the effect •• 'PO"•aibly 4ue to Yiolent agitation 

probably within the cells and a1eo poaailtal,17 due to emminution 

by the auepending medium.4 

Ia 19$4 the effeot et llilpenon.loe on bacteria vaa atutied 

3 :a..aoa 0.11n1 YJ.:\al!Jlltl, PP• 211•216. 

4 o. B,. W'S.lliam.e UMJ. ¥. Gahl••• "The JJacterie:14&1 lltteota 
~ High J'requ,aoy SGml4 '\fayes,• J'oul'AIJ. at, W11i1m :oi1taH•• 
XXUVII (1930) 488. 



again ,.. fi th e osure of bacteria t o sunersonics for ninty 

minutes, u definite high percentage of killing rns obta ined 5 

By ex .. er· ent ing wi 'th and i thout t ... e ,.1ruoence of e oes in the 

lioui d it wa.o founu tha t the 1 .. illing and dissolution of 

bacteria by su-:Jcrsonic waves was due to cavita t ion or the 

dissolved g aes.G 

In 1940 e laination of the kill ing due to cavita tion was 

attemp ed. Cavit .... tions I re produced by su!,ereonie waveo in 

liquid d it s f'olloweA by th com ·>ressi n wave for~ ·ng the 

liquid around the cuv ·ties to coll poe with such a force th t 

the p ssure developed io in tho order or magnitude of thouso.nds 

of pounds to the aqua r inch. ' It hao been found that this 

po,erful .tnecha.nioal ction of a.J..ternate low pressure followed 

,by extremely high resaure t rate of 8900 times :per second has 

a killing action on bacteria. The relationship between the 

number of rvivor bacteria vs time o~ e osure was studied 

agair . It wno also s t raight line relationship . Sterilization 

c~nnot be obta ined and probably mor po erful 02cillator are 

r quired to attempt ste1. iliza.tion ,, as ti .. ted. 7 

L~test i nform· ti n, ubliGhed in 1949 , didn• t Gay uch 

5 o . c .. Liu and f.. .. C. H. Yen , 11 •:ffeot of Supersonic \laves 
on Bacteria, " l?roe- . ~ .L.ixpt . 31Jol , ~ 1:ed .. ,, XXXI (1934) 
12~0- 1252 . 

6 ~. ... . 
feet of 

and lied., -
? D .. 

F requency 
·s73 .... 377 . 

c. Liu and A. c. H. Yen, ''Further ~tudies on the 
Supersonic \:laves on Bacteria, n tro2.• Soc • .ux:gt . Biol . 
XXXII (1 34) , 48 • 4 a. 
.,.. • Legally and G. • 'Patterson, ••1he . ction of High · 
Sound Va.ves on Bacteria,' ~ • Phann. , 112 ( 1940) ,, 



tho 

solution Jm.EJ yl'evieusly l,oexi ilt:\.tu1~iite.d with o~f;en .•. 9 Su11ers0nie 

wave.a. 'fVt,fJ&ten el.1es.nic,,::il rat~ctions ... 10 

ii it to 



Source of l!Uperaonto ••l"D'J•. 

"U1traaon •. tt aodel U-300• 

Tel.erlso Product O••• Qluoage.., 

Deaeript.lona1-

Model U-380 Ma.7 be used fer ei\her reaea~ where high 

power ts requiai te. or tor produotion applications.. This 

lastrmaent prodlloee a max:SllUII ot SOO aocoustio wa.tte 1n oil 

bath with a mnall variable frequeGy' !'ange. A unique develop..,. 

aent of the cry-stal holder is that it aq be used to treat 

ao114•• powd.era. or may be a •ont.imaal f'low of chemicaJ.s that 

are eoadu•t1Ye or ncm-oanduOtive 'to eleetrie ourrenta.- It 

produces a frequency of 450 k11007cl.es per. second and. an 

eleotrioal output or 900 vatta. 

It has a range of freq_uenotea., but 450 ko,. 1a the optimum 

'for the crystal.. If the equipment 1a in pod operating omer. 

the maz1mum pewer input should be about 1200 vatta. It 

op•atea at appffltt:ma.tely 85 peneat eftie:leney and tlt.ffet'ore 

ia applyiq up to 900 watts et e-., to the er.,ataJ.. 

5 



Date;- '"'f rch 9th, and 11th, 194~ . 

Pu os ;- To ind out the total bacteria count of Boomer Lake 

w~ter which is the r ~ water of the Stillt ter ater 

lant . 

Procedure; - PTepare three lates, each with l m . of ample and 

agar and another three plate , ea.c 1 with l/10 dil ted 

ample and ag.n r cu ture . Culture the plates for tw nty 

four hourn and make the co nt • 

Result; - The l ml . plates had too many colonie of bacteria 

to be counted . 

Tot~l counts fol 1/10 ml . pl ates -

riment I 107 

xperiment II 76 

6 



Boom.er Lake tieter after subjection to auporoonic 

tre~tment. 

witl1 different time .@f exposure of 1 min., 2 :min •• 3 .rttin •• 

Result;• 

T reattner:rtis 1 2 s 4 5 

Fre·q,ueney in lidlocyc1!Ds 450 450 450 450 450 

Volt!:ge in volts 2500 2500 2500 2500 2500 

iunperage in mill itimpex .. em 250 ~50 200 250 250 

Area of expooure in ineh2 o.fi 0.5 0.5 o.5 O.B 

Time o.f' ex:posux-e in min .. 1 11'.1> 
C, 3 4 fj 

.f~ount tre.:1t~d i:n. ml. 50 50 50 50 50 

Control counts per ml. 285 285 41.0 410 :365 

Treated count.a per ml .. 71 120 121 108 123 

Percez1t killed in % 75 57 .. 5 70.5 13.7 66,.,3 



te;- April 4th, l{M,9 . 

purpose;- From the result of last experiment , it was found 

that time of e osu-re had littie effect on the percentage 

of killing. It may be explained by the r ason that 

there were a definite peroentage of bacteria which will 

not be killed by the supersonic ~es no matter how long 

it i s xpoeeu to th 
. 

ves . 1hinking that one minut of 

e osure is enough to kill all b·ctcria that are to be 

killed,. the time of o o ure in this experiment will be 

decreased to a slightly lower range to oee if the deer ased 

ti."lle of exposure ill le sen the perc-entage of kill . From 

other literature and ccording to '1r. Viernste1.n, it is 

known that there is 75% loss of energy when the supersonic 

aves are tran i tted through glass. Tubes with a thin 

met l sheet ac bott - were tried. In general. the p rpo 

of this e ,eriment i~ till to find out th percent e of 

kill of bacteria in oomer Lake at r after subjection to 

supersonic tre ent . 

r ; - The untre.: .. te control plateo were pr p· red a.o in 

x:p. I. Thr e gl ss tubes w re prepared as in Exp . III, 

a.nd treated with different t:imeo of e:xpooure of ... ml?l . • 1 

min. · d 2 min . respectively. The p1ates re prepered 

for the tr ted s plea n in • · III . · S1xm.eta.l test 

tubes with 50 l . of srunple w ter e ch ere prepared. The 

tubes are to be o. 8" in di ·• and with a br sa sheet 0£ 

8 



( • IV, continue ) 

0.006' t the bottoma. They were treated the same aa the 

gl· os tubes, with two tube fo e 1 time ef' exposur • 

Result.; .. F requenoy and inten ity of the 0 vea used re the same 

as in ...kxp • . !II .. 

Treatment 

l 

2 

3 

4 

5 

6 

7 

8 

~ 

Type of 

tube 

glass 

glass 

gloss 

metal 

metal 

:metal 

metal 

metal 

met 

Tim of 

exposure 

2 min. 

l min. 

i min . 

2 min. 

2 min . 

l min . 

l min . 

.. min . 

f min , 

The reault still ea.n not t 11 u 

Av rage 

$ 1fi13tcd 

3? . 5% 

3J. . 5% 

51 .2% 

78 . 5% 

a6.sar 

ything .... out the effect 

of' different t · e of. e.. osure .. but it 1 certain that the 

eta.1- aheet bottomed tubes 1e mo:r ef'f"ective than the 

1 ss :tubes. 



ITV 

te;• Apri111th; 1949 . 

Purpos 1• Prepa tion o su;ersonic tro ent on as eeial 

type of bact ris, namely i'. Coli . To detemine the E. 

Coli density in a ure ~ . oli cul tur o a to !ind out 

the proper dilution or tl1- cul.tur to be tr at d . 

Proo dure;• Dilute the pur • Coli broth to l/100~000 and 

l/1 . 000 , 000 dilutions. l e thre ag r plt...t of each 

dilution . Count the plate • 

esult; - Counts on t 1 1/1 0.000 dilutioua re too numerous 

to be counted. Counts on l/l.000,000 (mil . ) ilution 

a er, ged 300.-

10 



Datet• April 25th• 1949. 

Purpo••t- ffo find out the eff eot. of superaonlo vaTes on a pure 

t.venty-f'our-hour ou.ltun of li. Coli noteria. 

Procedu:re1• Dilute the pure E. Coli 'broth to one in three 

hml4"4 thousandth with sterilised water to fo:rm ooatrol 

aelution. Aooo:rd.1ng t.o Iexp. v. the oount of thla cliluted 

solution will be approxbaately' 1.000. 

0011 
broth ~ 

OODtrol 
eelutien 
1/IN.ooo 
clilution 

Detealne the counts 1n the oontrol solution 'by making 

plat.ea with a 1/10 41lution and. a 1/100 d.iluticm. 

Prepare tile aame alx metal tubea as uaed 1n Bxp. IV with 

50 ml. of the oontrol solution each. Treat the aolutioa 

in the tubes under auperaonio waTea wi t.h dUterent t!ae 

of ezpoau.re1• namel.7 l min •• 20 aeo., 10 ·••·• and 5 no. 

Prepare plates with 1 ml. of treated aolut1on. 9t:ra1ght and. 

1/10 4ilut1on and 1/100 d.ilutien N.Oh• and oomit. 

Reault1• Frequency and int.enaity of the auperaonlo vavea uae4 

are the aame aa uaed in Bxp. I:II. 

11 



Treatments Time of e:x:i:iosure 
f . 4eli 4 .lo _ i . i:. 

5 

6 

10 see •. 

20 sec. 

____ _..,,.,._,,..# 4--~-• ... u, ... , ,....,..._ ___ a,...-.,-••-·-·-------,-=--• -•1--· , .... ·--..,··a-•· 
J.,.p~rently th1~0.uG}1 out the .treatments no eteriliZittt.iot1 

can be tibtlllinal'i,, bj.r Vtl'.t"J.ing the ex:po-m1re. 

l.2 



EXP."' E., IT VI I - XII 

Date; ... Oct . 4th. - N v . 15th, 1949 •. 

Purpoo.1 ;• To find out the eif ect of super onie wa ves on a 

pur~ twenty-four- hour culture of ' • Coli under tho 

ondition of v rious c bin~tions of times or exposur, 

fr uencies. and inte ities . 

Procedure;~ Dilute t nty-fou hour broth culture of pure 

E . Coli to on in thr e hundred thousandth a.c in . revious 

e er· enta. prep e the metcw. tubes i th r.: ml .. of this 

dilu ion o 1n pr vious exp riment.s . Subject the tubes to 

ves under the :bim ... tia of times of 

e osure of 10 sec., 20 s ·c . and 1 min . • frequencies of 

425, 450 d 415 kilocycles per seo . and inten~iti of 

fr 195 watts to 69 ~ tte. 

Reau t - ~ E. Col i killed by supersonic trea ontD. 

T . e of 425 ko .• 450 kc . 475 kC 11 

195 w. 644 w. 24? v . 6 5 w. 300 • 
10 seo .- 89 . 00$' 86 . 4 ,. 99 . 64~~ 47 . 10,;, 

4-0 sec . 86 . 36% 98 . 42% 93 . 32% 

1 min 95 451 88 93 45~ 84 

Tote;- By using the same etal tubes, used in upersonio 

tre ents, a a cont0 iner for oontro1, it wa found that 

l 

the met s, th oelva ill kill about 20 to 2 % of b oteria 

in about one hour of t · , which i needed in the proce 

of treo. ent • 





DISCUSSION 

In the experiaenta perf'oJ'nlea. it seems that ateriliaation 

with auperaonio waves is still not certain • .Al.though the 

oaabtnation. of 450 kc. frequenoy. 625 watts an4 one min. of 

expoaure gives 100%' kill, there la the factor ot 011godynam1c 

ef'f eot of the metal tubes. Since aetal tube a vi th thin copper 

plat, 'bettcaa are the beat oontalnen aT&ilable to inaure the 
---.--~~-· 

least absorption of the BUpe:raonio waves, there is no Vtq' to 

find out if the above combination hae sterilized the pure Coli 

aolution. alone. 

According to earlier experimenter•:• the cauee ot killing 

action of aupenonic waTee on bacteria 1e probably due to . 
violent agitation ot the bacteria cell, and the OOl'llllinution 

by suspending medium.. 

In order to keep the Coli nl ture pure, all dilutions 

were made with distilled water which contained no solid 

particles. If in case of actual water treatment, raw water is 

likely to contain all kinds or bapurltiee Which will certainly 
' . 

help to oomminute the bacteria when treated with auperaon1c 

vibratiena. Aa mentioned 1n the introd.uotion, more recent 

experimenters thought that supersonic WaTea kill bacteria by 

means of oavitat.ion. Foming cavities requires the preaence 

ot cl.iesolved gases. The same k1n4 ot d1tticult1es can be seen 

here in the tact that the diatilled water obtained in the 

laboratory contains Tery little or no dieaolved gases while 

ordinary raw water will contain substantial quantities~ 

14 



various gases. 

The ditf'ioulty of' relative absence et d.iasolves gases in 

sterilized water tor dilution may be overcome by a. special 

procedure. If a setup by means of which air oan bubble up 

through a strong sol.ut1on of ohl.oria•, is available, we can 

always bubble the air again through the sterilized water to 

give cliuo1ved gas in the water. such air may carry a large 

enough amount of chlorine vapor into the water to ef'teot kill. 

of bacteria. Then it should be allewed to pass through a 

sodium thioaulphate solution before it reaches the water. 

Sodium. thioaul.phate will react with ohlorine to take the 

chl.orine out ef the air .. Ey' auchmeane. 1t is possible to 

procklee aarltatlon in the water by supersonic waves and thus a 

better kill of bacteria J.!W¥ be the reault. 

Another 1mprovment may be made on the experiments. In 

the f'irst few ezper-1menta the ocmtainen to hold the bacteria 

to be trea:t.ed were glass tubes. Al though they are the f'lat 

bottcm type of' tubes they still prevented too much or the 

aupenonio power to go through th•. It was very obvious, as 

the percentage of kill increased when metal tubes or thin 

bottoms vere used. :Nevert.heless What the optimum thiclc:neas 

to pel1n.it maximum. tran•ission is yet unknown. The thiok:Deas 

of o.oos• of' the oopper plate used is only arbitrar.1. If only 

a suitable recieverl.1 to measure the energy of the supersonic 

vaTea was available, lt would be easy to find out the actual 

11 General Electric Campany puts out such recievers. 

15 



vaye length uaed. With the thlclmeas of the bot.t• of the 

metal tubes equal to the minimula th.ielmeae possible and. yet 

equa.1 to an integral. maber of the :balf •wave length.a• ••xbwm 

aaount of. eaera is tan.emitted through the bottma.12 If 

0.00611 1e not an ilnepal maber of the balf•wrtTe lenaths. it 

would be "17 easy to impron the result of the experiments by 

uairlg a son euitable th1olmeae for the bot'tcaa of the tu'bea. 

The eoonCBQ' of using supenoa1oe in wa."r works will 

pn'bably depend upon the tiel.d of the eu.personio machine. 

Uaual1y the absorption of power trca eupersottic wa:ves is aall 

in water. Deep sea sounding work waa done with auperaonie 

waves. It would have been !mpoaaible it water altaorbes too 

much at the wave mergy. So it ie quite possible that aq,er­

sonio wavea will penetrate a greater depth. of water than that 

uaed in the experimenta. :Seatdea, the time of expowre of 

one minute ia much 1eaa than what was used by previous 

exper-iaentera.13 Thfl'ttfo-i-e U the ea.pa.city of the t"ield ot" the 

aupenenio maohine oan be aasuraecl aa two eubie ten Which 1a 

net T8Z'Y' 11111oh» it will be muGh cheaper to treat water with 

supel"IJ01lic Ti"brationa than with ohlorbt•.14. 

16 



Dr. :Be1~1nnn utt11ted· t:i::JJit su:peruonio eff\$at~ on 0110 a;p:aciea 

of bttetc~i~i ~ be ju~t the t;1,11Jo.si te to the ,etfeet. ora ~:it!otl'uar 

speQi~:S,. The:r~to::r,e: i:t is .im:p't'oper t,o i;#e~y thrit su:pe;r$t,ttio t:r-eat .... 

possibly t!itli propel' regu.1t~tif3n ·Of P<Yt:rer. in:put,. i'l'equenq ~,.ntl. 

other J?h,Y1:1Jieizil f't\ctora1. t;;&ttisfaotory kill ·Of p~1tl1ogene rrut)g be 

t.liat there ie w, gl!)od pof}aibility .(}f usi1:1.g sur;,ersonies.,, eff'ie..iffl'1t• 

ly for t'ii2in:feetion in s0,11it6!;17 tfork., 
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