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I. Abstract 

Tests of an exploratory nature have been performed on the  effectiveness 

against highly contaminated waters, of a laboratory scale ozone generator and 

water purif icat ion u n i t  furnished by the Hydrozone Corporation of  America. 

This un i t  is capable o f  t rea t ing  about t w o  gallons o f  water per  minute. 

The uni t  generated about-0.1 t o  0.2 per cent ozone by volume in the air passing 

through it. 

about 2 ppm ozone when first sampled. 

rapidly from the water a f t e r  i t  l e f t  the unit. 

Water saturated with t h i s  ozonated air contained an average of 

This res idual  ozone disappeared very 

Sharp reductions i n  E. c o l i  count were brought about by ozone treatment 

u t i l i z ing  t h i s  uni t ,  but complete s t e r i l i t y  was not achieved when heavy sus- 

pensions were treated,even upon repeated or continued treatments of the same 

suspepsion. 

by continuous exposure t o  ozonated air as generated by th i s  uni t .  

demand of heavy bac te r i a l  suspcnsions was reduced by ozone treatment. 

3.  globig i i  spore suspensions were a l s o  reduced grea t ly  i n  numbers, 

The chlorine 
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iI. Introduction - .. ~- 
A. Object: Tho object of th i s  work was t o  p e r f o d  t e s t s  o f  'an explora- 

t o ry  nature concerning the use o f  ozone as a decontaminating agent f o r  highly 

contaminated wat era. 

B. Authoritx: This study was C h r i e d  out under Project  &-ll-O5-&, 

Development of Materials &id Methods for Decontamination i n  BW, activated 

12 J r i ~ y  1946. 

C. AchowledFement: The labors-tory scale ozone generator and purifica- 

t i on  unit used i n  the t e s t s  was furnished by the Bydrozone Corporation of 

America, 1 Montgomery St ree t ,  Jersey City, New Jersey. 

on m a n y  of the chemical and bacteriological t e s t s  was furnished bjr Dorotby M. 

Portner and Bernard F .  Surkiewicz. 

Technical assistarace 

- 2 -  
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111. Em erimental Methods and Presentation of  Da'tCr -" 
A. Descriution of Unit: These experiments u t i l i e e d  B laboratory scale 

ozone genepator and water pur i f ica t ion  unit which was furqtshed by the Hydro- 

zone Corporation of America. This uni t  i s  shown diagramatlcally i n  Figure I. 

This laboratory unit i s  capable of t rea t ing  1 t o  E gallons of water 

per  minute, According to direct ions,  the water s qld  enter  the machine though 

a 1/2. inch pipe or a garden hose at a pressure of  be twen aQ and 30 p.8.i.  

Actually, pressures of at l e a s t  24 p.5.i. were reqplred foF operation, and the 

unit seeme 

r" 

t o  operate b e s t - a t  pressures ranging f r p m  30 t p  50 p.6.i. P 
The rater,upon eutering the machine, passeg throygh two Venturi type 

j e t s  o r  aspirators  where a i r  containing ozoce is  pullpd injo the water stream. 

From there it passes through a nixing tank, a raechanicp f J l t e r .  and holdi tg  

tank until it $6 discharged from the unit. 

f i l t e r  hnve a combined volume of 5 to  5 1/2 gallons, the water remains i n  en- 

closed taqks with the ozonized air  f o r  2 to 3 ninutgs before i t  leaves the 

unit, 

Since these t w g  t a r h  and the  

The ozone i s  generated by a high voltRge (approxtmately 7,500 vol ts)  

discharge between alunimm electrodes separated by an air @ap and by pyrex glass 

tubes. 

four of these  discharge tubcs before i t  i s  drawn into the r a t e r  s t r e m  passing 

through tho aspirators .  

A i r  ~ R S S E S  through a g la s s  wool f i l t e r ,  a dehydre?gr,and then through 

The exact volume o f  ozonatcd eir picked up 'by the water ns i t  passes 

through the unit was xiknown at the beginnix  of  these t e s t s  since the nspira- 

tor ;  had not been cal ibrated before they were instpl led i n  the machine. 

ever, at the end of the oxperinerts the machine w a p  p a r t i p l y  disme.ntled and 

the air flow through the nspiretors  was measured at  2.67 p d  5.13 l i t e r s  per  

minute when water passed the aspirLtors a t  27 and at 43 p,s.i.,respectkvelY. 

HOW- 
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B. Amount of Ozone Generated i n  A i r :  Chem%&ests were made. on the 

mount of ozone generated i n  the air as i t  passed through these tubes by 

drawing air through the four discha.rge tubes and then through a Vigreaux type 

gas analysis  bubbler at  a r a t e  of 0.g l i t e r s  per minute f o r  exact ly  one minute. 

The bubbler was f i l l e d  with 25 ml of a solution of K I  and a c e t i c  acid. 

contacting t h i s  nixture quant i ta t ively releases 12, which can be determined 

volumetrically. Substantially 0.11 the ozone was removed by passage tkough 

a singlc bubbler since no. s ign i f icant  amount was recovered from a second 

bubbler when two were plncod i n  ss r ies .  

Ozone 

The data obtdined are  tabulated below: 

Table I 

0zoW"u CONCEiER4TION IX AIR 

(Ozonated air d r a m  thru  25 m l  ac id i f ied  K I  solut ion 
i n  adsorption bubblers at 0.g L/M f o r  one minute) 

Ozone i n  A i r  A by Volume T e s t  T h i o  Required per l i t e r  of i r  
Date of  i.n Sta2dm-d Miligrnw 0 

29 April 57.12 1.95 0.09 

30 April 111.15 3 . a  0.15 

30 April 133.19 3.66 0.18 

4 May 95-23 2.34 
Average 2.72 

0.11 

0.13 

The mount of ozone present i n  the a i r  varied considerably fron t e s t  

While the air flow through the generator remained constant i n  all t o  t e s t .  

these t o s t s ,  other f ac to r s  were uncontrolled such as the length of t ine  that 

5he rrachine kid t een  nmi-ing and tine temperature and humidity of the roon air. 

~ G S U  apparently caused significant differences i n  the amount o f  ozone generated. 

C. Sa-turation Concentration of Ozone i n  Water: An a t tenpt  w a s  =de t o  

detornine the m a x i n u n  mount of ozone which would bo found i n  water saturated 
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with the ozonated air produced by this 'uii i t .  

s l i gh t ly  the t e s t s  described in  the preceding paragraph. A i r  was drawn through 

the discharge tubes and then through a bubbler at a r a t e  of 0.8 l i t e r s  a minute, 

exact ly  as i n  the previous tests, except that  the bubbler contained only ais. ' .  
t i l l e d  water. After 10 r inutes  of constant bubbling t o  sa tura te  the water, the 

flow o f  air w a s  stopped. Acetic ac id  and crys ta l s  of X I  were added lnnediately 

t o  the 25 m l  of water i n  the bubbler. The iodine l iberated by the dissolved 

ozone was then t i t r a t e d  with standard sodium thrlosulfate solution. The r e s u l t s  

obtained a r o  shown below: 

This was done by modifying 

Table I1 

Date of  
Test 

29 April  

30 April 

30 April 

SATURATIOE C O l ~ C ~ Z L 4 T I O l T  OF OZONE I N  DISTILLED WATER 

(Ozonatod air drawn th ru  25 nl d i s t i l l e d  water i n  
hdsorption bubblers at 0.g L/nin f o r  10 minutes) 

141 Standard Concentration of Ozone 
Thio Requi$ed i n  Water (D.P.~.)  

5 -33 4.0 

0.79 0.7 

1.40 1.2 

Average 2.51 2.0 

Again the mounts picked up were not constant, which was not sur- 

pr i s ing  since the ozone i n  the air was not constant as shown above. The 

average mount picked up (2.0 p.p.m.) comperes favorably with that which night 

be expected t o  be i n q u i l i b r i u n  with air containing f ron  0.1 t o  0.2 per  cent 

ozone. * 

For comparative purposes the exact mounts of O.OoO92N sodium thio- 

su l fa te  required to  t i t r a t e  the ozone picked up by 25 m l  of K I  solution i n  one 

case (Table I) ,  and by 25 n l  of d i s t i l l e d  water i n  the other case (Table 11) 

_- ~e - -: --- See Discussion, page 23. p 7; p .:- .-; , . "3 
* 



a re  included i n  the data. 

i n  the t e s t s  where al l  the ozone was renoved from the air by bubbling through 

Roughly 50 t ines  as much thiosulfate  was required 

KI solution as was required i n  the second t e s t s  i n  which d i s t i l l e d  water was 

allowed t o  pick up as m c h  ozone as i t  could by bubbling ozonated air through 

it .  

Since 10 t ines  the volune 05 air  passed through the d i s t i l l e d  water 

as did through the K I  solution, these re la t ive  f igures  indicate that only about 

one pa r t  i n  500 of the ozone bubbling through the d i s t i l l e d  water r a i n e d  dis- 

solved i n  it .  

D. Ozone Concentration and Residual Chlorine i n  P rac t i ca l  Trials: In 

cer ta in  of the biological trials described l a t e r  i n  th i s  report ,ortho-tolidine 

color t e s t s ,  and d i rcc t  iodoneiric t i t r a t i o n s  were run for the determination of  

res idual  cklorine and &issolved ozone i n  the solution being treated.  

The iodocetric t i t r a t i o n  gives an accurate representation of t he  mount  

of  rcsidual chlorine ir, tap water,and of the amount of ozone dissolved i n  dis- 

t i l l e d ,  c h l o r i n e f r e e  water as it i s  run through the .?>chine. When tap  water 

containing residual chlorine i s  run through the mpchine, however, the f i y r e s  

can be interpreted only as conbined ozone and chlorino. and have t o  be expressed 

as equivalent mounts of chlorine. 

The ortho-tolidine t e s t ,  on the other hrcd. i s  R colorimetric t e s t  

It i s  by'no neans cer ta in  which has never been worked out careful ly  f o r  ozone. 

that the color standards developed for  chlorine deterninations gave accurate 

r e s u l t s  with ozone. 

changes in 'Residual Chlorine' values as tap water passed throwgh the nachine. 

As the data i n  Table 111 show, the ortho-tolidine t e s t  was not SatisfaCtOry 

With t h i s  t e s t ,  all  that  could be done vras t o  f o l l o w  the 

when the E. c o l i  suspensions were exanined, e i the r  before or a f t e r  they lxtd 

passed through the ozone generator, since they indicated alnost  no residual  
! 



Table I11 

CHEMICAL TESTS CONDUCTED 3URING PRACTICAL TRIALS 

WITH O W E  PURIFICATION UNIT 

T r i a l  No. 2 

Treatment 

50 gallons of  E. c o l i  suspension run thru unit 

A l l  saEpling done with 25 nl pipe t te  

Residual C12 (or 03 expressed as C 1 2 1  

O.T.  Color Test X I  T i t ra t ion  
( m n )  (PP4 

Tap Water Control 
No Treatment 

E. co l i  Suspension i n  Tap Water 
No Trsatnent - Control f r o 3  D m  

\ Before Test 
A t  End of Test 

W p l e s  taken at  indicated in te rva ls  
as suspension was run through 
ozonizer 

F i r s t  thru 
2 ninutes 
4 ninutes 
6 ninutes 
8 ninutss 

Sanples taken of suspension 
run through a f t e r  ozone had 
been cut off  f o r  

1 2  ninutes 

0.8 0-5 

- 
0.15 

40.1 
20.1 
e 0 . 1  
co.1 
40.1 

40.1 

0.4 
0.25 

0 

0.2 
0.2 
0.2, 

I ~ 0 . 1 5  

0.25 
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chlorine i n  these suspensions, whereas small, but significant amounts were 

found with the iodonetric t i t r a t ions .  

t i t r a t i o n s  were perforned. 

In the l a t e r  trials only the iodometric 

In the f irst  of the p rac t i ca l  trials, i n  which chemical determina- 

t i o n s  were run on the t rea ted  water as  it l e f t  t he  unit ,  it was found tha t  the 

mount of 'Residual Chlorine' i n  t he  water was decreased rather  than increased 

as i t  passed through the  iachine. In other words, the mount of ozone picked 

up was not equivalent t o  the mount of  chlorine that appeared t o  be l o s t  during 

passage through the uni t .  

The residual  chlorine present i n  the water as it l e f t  the tap droppeq 

somewhat f rom 0.5 t o  0.4 ppr~ as would be expected when i t  was placed i n  a 50 

gallon s t a in l e s s  s t e e l  drum and a concentrated suspension of E. c o l i  w a s  added 

and nixed by babbling air through the drun f o r  a few minutes. After the sus- 

pension stood f o r  the length of t i n e  needed t o  run the t e s t ,  the  residual chlo,  

r ine dropped s t i l l  more, t o  0.25 ppn. This was deternined upon the residue i n '  

the &un,and upbn the eff luent  f ron . the  uni t  a f t e r  the e l e c t r i c d  discharge 

had been cut o f f  so that  only a i r ,  and no ozone was picked up by the water as 

it passed through the un i t .  The highest value f o r  conbined residual  chlorine 

and ozone i n  the water as i t  l e f t  the uni t  during t3e operating t r i d ,  how- 

ever, was 0.2 ppm. 

ozone, but i t  was evident that sone residual chlorine was l o s t  a s  the suspen- 

sion passed through the unit, e i the r  by interact ion with ozone, or possibly by 

l o s s  t o  the air which was nixed with the water going through the  unit. 

J 

It was not apparent whether t h i s  represented chlorine o r  

A second tr ial  was then run, i n  which the drun was cleaned and f i l l e d  

with d i s t i l l e d  water, to  which no suspension o f  orgnnisms was added, and which 

of  course contained no chlorine t o  interfere  w i t h  the ozone determinations. 

As the data i n  Table IT show, not  only were the i n i t i a l  ortho-tolidine and 



-- -- 
Table IV 

CHEldICAL TZSTS CONDUCTD DURING PRACTICAL TRIALS 

WITH OZOIC3 PUPIFICATIOH UNIT 

Dis t i l l ed  We.ter T r i a l  

50 gallons d i s t i l l e d  water, no bacter ia  present ,  
run tl;rough uni t .  

TreatGent 

Dis t i l i ed  Water Control 
No Treatcent 

Saupled at varying in te rva ls  
upon l eming  un i t ,  by collecting 
i n  flasks, p i p e t t i r x  within one t o  
two minutes t o  t e s t  flasks 

All Samples 

Collected d i rec t ly  into graduate 
cylinder containing X I  c rys te l s  
and about 1/2 nl ace t i c  acid 

Residual C l : , ( o p ~  expressed as .alp)- 

O.T. Co lo r  Test K I  T i t r a t i o n  
(PPS ) (PP4 

0 0 

0 0 

0.85 

(Equivalent, 0.6 ppm 03) 

- 10 - 
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iodine t e s t s  negative as they should be with d i s t i l l e d  water, but the sanples 

taken from the nachlne at various intervals  were a l so  negative. Sanpling was 

done by col lect ing water i n  an Ehrlenneyer f l a s k  ju s t  a s  it emerged fron the 

nachine, and, within two ninutes,pipett ing out smples  f o r  the two t e s t s .  To- 

wards the end o f  the run, crys ta l s  of  K I  and about 1/2 nl of a c e t i c  acid were 

placed i n  the botton of the graduated cylinder and the 25 n l  sample WRS col- 

l ec ted  d i rec t ly  in to  t h i s  as i t  l e f t  the unit. Sarrpled i n  t h i s  way, 0.6 ppc 

03 (equivalent to  0.&5 ppx C12) WRS found i n  the d i s t i l l e d  water. 

the ozone had not yet dissolve2 i n  the water, o r  e l se  the act  of collecting 

the water i n  one f l a sk ,  a c k i n g  i t  up into a p ipe t t e ,  and then allowing i t  t o  

run oat i n t o  another f l a sk ,  caused i t  t o  be l o s t  t o  the air .  

l e f t  the uni t ,  ce r t a in ly  had no l a s t ing  resiaual  oxidizing property. 

Apparcctiy 

The water, 8.s i t  

A t h i rd  trial (Table V) was then conducted nucb 8.s was the f i r s t ,  

The nain with an E. co l i  suspeiision i n  tap water pasaing through the uni t .  

difference was tha t  sxAp1ing w a s  &ne imedia te ly  as the water l e f t  the un i t ,  

and i t  was allowed t o  run Cirectly in to  a graduated cylinder containing R f  

crys ta l s  as had been done i n  the second trial with d i s t i l l e d  water. In  t h i s  

case, an increase i n  the so-called residual chlorine was noted which could only 

reprssent ozone o r  ozone together with chlorine appearizg i n  the water. 

mounts were n o t  g rea t ,  l e s s  than were found i n  d t s t i l l e d  water under sisilar 

The 

conditions, but there  was of course considerable organic m t t e r  present i n  

the suspension being treated.  

I E. Effect o f  Ozone on Oxidizable Matter i n  Water: Concentrated suspen- 

sions (17.5 m i l l i o n  org~ciisns per nl) of E.  c o l i  i n  the broth i n  which they 

had been grown were t reated d i r ec t ly  with ozono by placing 25 n l  of t h i s  sus- 

pension i n  the a i r  bubbler and passing the ozonated air through t h i s  i n  the 

sane manner as w a s  done i n  the tests t o  doternine ozone concentration (Sections 
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. Table V 

CEENICAL TESTS COhiDUCTED DURING PRACTICAL TRIAtS 

WITH OZONE PURIFICATION UNIT 

T r i a l  No. 5 

50 gallons of E. c o l i  suspension run through unit .  

All s m p l i c g  done by collecting i n  graduate cylinder 
containing KI and ace t i c  acid. 

Residual Cl? (or  03 expressed as C 1 2 1  

Treatment 

Tap Water from Drum 

Tap Water Run thru Unit 
F i r s t  thru 
Several minutes l a t e r  

E. c o l i  suspension i n  Tap Water 
No Treatnent - Control f ron  Drun 

Before Test 
End o f  Test 

sanplos taken at indicated in te rva ls  
as suspension was nm thru ozonizer 

F i r s t  thru 
6 ninutes 

11 ninutcs 
16 ninutes 
21 ninutes 

’ 30 ninut es 

X I  Ti t ra t ion 

0.2 
(PPd 

0 
0.35 

0.15 
0.2 

0 
0.4 

0.45 
0.45 
0.45 

0.25 
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XI1 B and C).  As i n  those t e s t s ,  air containing &pproxim.tely 0.1 per cent 

ozone w a s  passed through t h i s  heavy suspension at the r a t e  of 0.8 l i t e r s '  per 

ninute f o r  periods of 10 and 20 minutes. 

o i l  was placed on top of the suspensions because they frothed badly as the 

air was drawn through. 

determine what effect  this  had on the oxidizable matter present i n  the suspen- 

sion. 

oxygen denand, since the forner t e s t  could be performed nuch more rapidly and 

would give inmediate answers. 

of chlorine (expressed i n  ppn) which must be added t o  a Suspension t o  give 

a residual value of 0.1 ppm act ive chlorine on ortho-tolidine %est  a f t e r  15 

s inutes  standing. 

a i lu t ions  of the suspensions, because of the high concentrrtion and l i n i t e d  

volune of the or ig ina l  suspensions. 

to give values f o r  the actual  suspension which had been t rea ted  with ozone. 

The drop i n  chlorine d a m d  i n  the smples  is recorded i n  Tab13 V I .  

I n  the cases noted, a drop of  ol ive 

CherAical t e s t s  were performed following ozonation t o  

The chenical t e s t  chosen was chlorine dmand, ra ther  than biological 

Chlorine der-and can be defined as the mount 

The chlorine denand t e s t s  were a c t u l l y  performed on l:5O 

The values were then multiplied by 50 

F. Biological Tests; Prac t ica l  Tr ids  - Straight Runs: For most of 

the biological t e s t s ,  50 gallons of  bacter iz l  suspensions were p r e m e d  i n  a 

s t a in l e s s  s t ee l  drun. An out le t  pipe running t o  the bottom of  the dmn, w a s  

connected t o  the ozone pur i f ica t ion  uni t  by means of, a short section o f  garden 

hose. 

be forced through the out le t  pipe and then through the pu r i f i ca t ion  un i t .  

The pressure a t  which t h i s  suspension was delivered t o  the un i t  was controlled 

by regulzting the mount o f  conpressed a i r  adnitted t o  the drum, and a h 0  by 

chngi-ng theheight of the drun. 

By adni t t ing coqres sed  air  into the closed d r m  the suspension could 

I n  the l a t e r  t e s t s ,  a punp was inserted betweeri the drun and the 

pur i f ica t ion  u n i t ,  pern i t t ing  the suspension t o  be passed through the u n i t  



WJGES n r  CBLOEINE DEMAND OF UEAW E. COLI 

WPENSIOB FOLLOWIITG OZONATION 

(25 nl of suspension i n  bubbler t rea ted  with ozonated air 
at r a t e  of  0.8 ~ / n i n .  for indicated t ices )  

Treatment Chlorine Demand 
(PPd 

None - Original Suspension 33.0 

m p l e  A - Ozonized 10 ninutes (o l ive  o i l  present) 16.5 

-le 3 - Ozonized 20 ilinutes (o l ive  o i l  present) 

Sanple C - Ozonized 10 minutes (no ol ive o i l )  

13.5 

13-5 



at pressures ranging up t o  5s p.s.i. 

the suspension inside the d r u m  both before end a f t e r  the t r ia l  runs, end upon 

the eff luent  from the purif icat ion u n i t  at various time in te rva ls  as the s u 5  

pension ran through at  approximately 2 gallons a minute. 

Bacterial  counts were usua l ly  made on 

In several  o f  the 

t e s t s ,  the e l e c t r i c a l  discharge across the discharge tubes was cu t  off towards 

the end of the run, so that  only air ,  and no ozone w a s  mixed with the water. 

Counts made af ter  a l l  ozone could safe ly  be assumed t o  have been flushed from 

the system, showed w h a t  drop i n  count could be a t t r ibu ted  t o  nmchanical e f f ec t s  

alone, such as re tent ion of bac te r ia  an the f i l t e r  inside the unit .  A l l  t r ials 

were conducted on quite concentrated suspensions. 

sented i n  tables  VII, PI11 and IX. 

The data obtained a re  pre- 

G. Biological Tests; P rac t i ca l  Trials - Recirculating Runs :  Following 

the p rac t i ca l  t r ials i n  which a drum f u l l  of bac t e r i a l  suspension was passed 

through the ozone purif icat ion u n i t ,  end sampled at various in te rva ls ,  an addi- 

t iona l  two trials were run i n  which the eane suspension was passed through the  

uni t  several  times, and sampled a f t e r  each passage. 

two t e s t s  (Pract ical  Trials 3 and 4) appear i n  Tables X and XI. 

The data  col lected i n  these 

I n  Tr ia l  NO. 3 ,  

a very heavy suspension of E. c o l i  was u t i l i zed .  

attempt was made to  u t i l i z e  a heevy suspension i n  that 400 m l  inoculum of an 

E. coli culture was added t o  25 gallons of tap water. However, when a sample 

o f  t h i s  suspension wa3 removod from the drum f o r  p l a t e  counts, so few organisms 

were found that  no accurate count could be made of  the or iginal  suspension. 

Whether the organisms died o f f  i n  the dmm before the run, due perhaps t o  an 

musual ly  high residual chlorine i n  the tap  water, o r  whether the cul ture  had 

never grown properly. i s  uaknown. 

matter was present i n  thcso tr ials,  though the co l i  count was not hi&. 

In the  other t r i a l ,  another 

I n  any case, e large arnomt of organic 

- 15 - 
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Table VII' 

PIlkCT1CA.L BIOLOGICAL TRIALS WITH 

OZOEE FURIFlCATION UNIT 

Trial No'. 1 

Straight Run - 50 Galions 

Suspension: 3. co l i  i n  'lap Water 

Operating Pressure: 

DRte: Z7 April  1948 

23 - 24 p.s. i .  

SRmpie 

Untreat ed Suspension 

Samples Leaving Unit - Ozone Treated 

F i r s t  water through 

3 minutes operation 

6 minutes operatiori 

9 minutes operation 

Samples Leaving Unit After 03 Generator 
was S h u t  Off f o r  

5 minutes 

Control from Drum - After Trial 

Bacterial  Count uer M l  

4,100, OM) 

1,500. 

3,000,000 

2,600,ooo 

2,700,000 



n 

Table VIIi 

PRACTICAL BIOLOGICAL TRIALS WITII 

OZONE PURIFICATION UNIT 

T r i a l  No. 2 

Straight Bun - 50 Gallons 

Suspension: E. c o l i  i n  Tap Water 

operating Pressure: 

Date: 28 April 1948 

26 - 30 p.s . i .  

Sample 

Untreated Suspension 

Samples Lea,ving Unit - Ozone Treated. 

F i r s t  sample through 

2 minutes operation 

. 4 ninutes Operation 

6 ninutes operation 

6 minutes operation 

Samples Leaving Unit  After O3 Generator 
was Shut O f f  f o r  

10 minutes 

13 ninutes 

Control from Drum - After Trial 

Control from Hose - After Trial 

Note: Chemical Tests on these solutions repor 

Bacterial Count per E 4 l  

1,700,ooo 

11,200 

27 v 300 

24,100 

24,800 

25 I 000 

355 t 000 

310, ooo 
510,000 

E25 I 000 

cd i n  Table 111. 



Suspension 

Table I X  

PRACTICAL EIOLOGICXI, TRIALS WID3 

OZONE PURIFICATION UNIT 

T r i a l  KO. 3 

Straight  Run - 50 Gellons 

E. c o l i  i Tap Water 

Operating Pressure: 58 p.s .1 .  

Date: 5 May 194g 

Samole 

Untreated Suspension 

Senples Leaving Unit - Ozone Treated 

F i r s t  sample through 

6 minutes operation 

11 minutes operation 

16 minutes operation 

21 minutes operation 

30 minutes operation 

Control fron D m  - After Trial 

Bacterial Count per M l  

175,000 

6,600 

7,800 

5 8 700 

1,400 

750 

2,000 

19,300 

Note: Chenical ?ests on these solutions reported i n  Table V. 
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Table X 

PRACTICAL BIOLOGI%AL iRIALS WI& 

OZONE PW.IFICATION UNIT 

Trial Bo. 4 

Recirculat ing Run - 10 Gallons 

(Entire Suspension Run Through Unit, Collected and Pumped 
Back Through Ozonizer Six Successive Tines) 

Suspension: E. c o l i  i n  D i s t i l l ed  Water 

Operating Pressure: 43 p.s.i,. 

Date: 6 May 1948 

S m l e  

Untreated Suspension 

b c t e r i a l  Count per M l  

3,000,000 

Sample Leaving Vnit - Ozone Treated 

1st passage through Ozonizer 2.300,ooo 

2nd passage through Ozocizer 1,400,000 

3rd passage through Ozonizer 225,000 

Subsequent passages (Contaqinated with B. gllobigii) 



Table XI 

PQCTICU BIOLOGICAL TRIALS WIT8 

OZONE PURIFICATION UNIT 

Tr ia l  Eo. 5 

Recirculating Run - 25 Gal ions  

(Entire Sxspcnsion Run Through Unit, Collected and Pumped 
. 

Back Through Ozonizer Five Successive Tiaes) 

Suspension: E. c o l i  i n  Tap Watsr 

Operating Pressure: 

Date: 7 M a y  1948 

37 p .s . i .  (average f low 1.35 gallons/minute) 

sarrple 

Untreated Suspension 

Sarrple Leaving Unit - Ozone Treated 

1st passage through Ozonizer 

2nd passage through Ozonizer 

3rd passage through Ozonizer 

4 th  passage through Ozonizer 

5 th  passage through Ozonizer 

Bacter ia l  Count 

- 

1,100 

300 

119 

105 

99 



H. Biological T r i a l s  i n  V i a r e a x  Bubbler: Two trials were also per- 

forned, and reported i n  Table X X I ,  i n  which s m a l l  volumes of  heevy bac ter ia l  

suspensions were subjected t o  a continuous flow of ozonized air ,  by placing 

25 dl of  these suspensions i n  the sane gas analysis bubblers described i n  the 

chemical t e s t s ,  and drawing 0 . g  l i t e r e  of ozonized a i r  through them each minute, 

Atperiodic intervals  up t o  a half hour, the bubbling was stopped long enough 

t o  allow the removal of one rl of the suspension fo r  p l a t e  courts.  Both E. co l t  

andB.  globigi i  suspensions were so t reated t o  give sone idea of the comgara- , 

t i v e  death ra tes  of vsgetative c e l l s  and spores. 

nur,ber of surviving organisns i s  p lo t ted  against t i n e ,  as i s  done t o  es tab l i sh  ' 

the  so-called death r a t e  constants, i t  is evident that E. c o l i  i s  being k i l l e d  

at a considerably f a s t e r  r a t e  than i s  the spore forming B.  g lobigi i .  h'owever, 

nei ther  of the t w o  organisns follow the usual logarithnic order of death i n  

these t r i a l s ,  since the r a t e  of k i l l i n g  is m c h  f a s t e r  i n i t i a l l y  than a f t e r  

several  ninates have elapsed. 

!+%en t h e  logarithm of  t he  

- 21 - 



BIOLOGICAL TRIALS IN 'VIGREbUX BUBBLER 

(Ozonated A i r  Drawn through 25 a1 of  Eacter ia l  
Suspensions i n  Absorption Bubblers at 0.8 lit ers/minute 

f o r  incicated times) 

Emosure Time Bacterial  Count per M1 
E. co l i  SusDension B. g lobig i i  Suspension 

0 Min. (Original Suspension) 2.990,9CQ 

2 ldin. Ozone passage 12.500 

5 hiin. Ozone passage 6,300 

10 Min. Ozone passage 7,700 

30 Min. Ozone passage 27 

170,000 

9,000 

3,300 

21* 

4* 

Sone E. c o l i  contamination from previous run appearing. * 



The air lea-ving the discharge tubes of t h i s  laboratory u n i t  contained 

between 0.05 and 0.18 per  cent ozoqe by volme. This mount i s  lower than 

that  reported i n  the l i t e r a t u r e  f o r  large commercial ins ta l la t ions ,  which i s  

given as about 1.0 per  cent for  the uni t  being built f o r  Philadelphia(') and 

between 0.5 and 1.0 per  cent f o r  the in s t a l l a t ion  at Whiting, Indiana 

Storey") claims i n  the l a t t e r  i n s t a l l a t ion  tha t  "Higher concent ra t ions are  

possible,  but not economical". 

13,350 to  16,500 v o l t s  at Whiting, are higher than the 7,500 vo l t s  discharge 

i n  the laboratory uni t  used i n  these experirents. 

2) . 
The voltages used i n  these large uni ts ,  

The amount of  ozone imparted t o  the water i s ,  of course, d i rec t ly  relpteq 

t o  the concentratioil of ozone i n  t he  air with which the water is i n  contact. 

The pur i f ica t ion  unit  used i n  these t e s t s  produced between 1.3 snd 3.7 

ag. of  ozone per  l i t e r  o f  a i r  passing through the  ckcharge tubes. 

completely saturated with this ozonated air was found t o  contain betwoen 

0.7 and 4.0 ppm of ozone. 

t o  compare them, but they are  i n  ra ther  good a.grecnent with the pa r t i t i on  

coefficient f o r  ozone between water and air ,  as expressed i n  t he  l i t e r a t u r e .  

Water 

Both f igures  were variable so tha t  it i s  d i f f i cu l t  

On 30 April when two t e s t s  each, i n  a short period of time, were run 

on concentration i n  air and concentration i n  water, the p a r t i t i o n  coofficient 

averaged 0.274 at  room tezpcreture. 

between the amount of 0zoi.e dissolved in water t o  the mount o f  ozone con- 

tsined i n  the a i r ,  a f t e r  equilibrium has been reached, i s  given as  0 . m  

a t  lg°C and as 0.270 a t  27OC. (3) (The concentr8tion uni ts ,  ppm in  water 

and milligrams per  l i t e r  i n  a i r ,  are the sme as those used i n  t h i s  report.) 

The 4.0 ppn of  ozone found i n  water on the one t e s t  conducted on 29 April 

would seen to be unusualljr high f o r  th i s  unit. 

This  p n r t i t i o n  coefficient o r  r a t i o  



These data on conceritrations of ozone i n  water represent the maximum 

which can be expected i n  water which has been i n  contact with ozonated a i r  

of the strength generatedby t h i s  unit .  

Ozonated air of the strength reported f o r  l a rge  i n s t a l l a t i o n s  could 

resu l t  i n  higher concentrations of ozone i n  water, bct even here no more than 

7 o r  6 ppn i n  water would be expecteC. 

higher concentration of ozone i n  water than 6.1 ppn. 

Ham(') i n  h i s  a r t i c l e  menticins no 

The data obtained i n  t h i s  report ,  and the l i t e r a t u r e  a s  well, indicate 

that ozone i s  lost from water very rapidly once t!ie t rea ted  water leaves the 

holding tank i n  the pur i f ica t ion  unit. Iiann") i n  disCW$in&.ChQ~tEO&. t e s t s  

for ozone i n  water states "Since an ozone residual dissiphtes verp p'.lickly. 

the sanple nust be tes ted as soon as withdrawn". In section 111 D. of this 

report ,  the d i f f i c u l t i e s  i n  t e s t ing  for  residual ozone and the  rapid drop i n  

t h i s  value as water leaves the uni t  are discussed. 

This f a i l u r e  of ozgne-treated water to na in ta in  n residual oxidizing 

capacity appears t o  be the reason why the Amrican l i t e r a t u r e  s t resses  the 

value of ozone treatment f o r  renoval of objectionable t a s t e ,  odor, and color 

from water ra ther  than i t s  value in disinfection. 

Quite s ignif icant  rcckictiona i n  3. co l i  count were'obtained i n  the 

p rac t i ca l  t r i a l s ,  cor,sidering the re la t ive ly  small mount o f  ozone which can 

be inparted t o  water, and the f a c t  that this a c t s  f o r  only' the t i n e  that the 

t reated wator rennins In the  nixing and holding tanks; , o r  approxi.?ately two 

minutes. 

runs, but 30 t o  40 per cent reduction w a s  obtained i n  the f i r s t  trial with ad. 

or ig ina l  contanination of 4 n i l l i o n  organisms per  nl, and 99 60 99 per cent 

reduction was obtained i n  the next two runs where the or ig ina l  contminat ion 

w a s  lower, and the operating pressure and, hence. mount of ozonated air 

The highly contaninated sanples were not s t e r i l i zed  i n  the p rac t i ca l  

. .  
T F ? T . V  VI 

picked up was greater.  . , A  ~. &.A .&., - 24 - 



The i n i t i a l  r a t e  of reduction a p e a r s  t o  be greater  than l a t e r  r a t e s  

of reauction, however, as indicated i n  the data obtained i n  the recircu- 

1Rting mns  (Section 111 G.) and i n  the continuous bubbling t r i a l s  (Section 

I11 F.) using B. g lobig i i  as well as E. col i  8 6  isell as the t e s t  organisns. 

These l a t t e r  tr ials show tha t  spore-forming organisns can be k i l l e d  

as well as the  less r e s i s t m t  E. c o l i  c e l l s ,  but at a slower ra te .  Data 

wore a l s o  accumulated (Section I11 E.) ,  which showed t h t  the oxidizable 

na t t e r  i n  very heavy suspensions was reduced about one-half, but no$ e n t i r e l y  

reaoved, as .wasured by chlorine d a a n d  of the t rea ted  rad untreated s q l e s .  



V. Conclusions 

The Kvdrozone laboratory uni t  as tes ted,  f a i l e d  t o  s t e r i l i z e  heavy.E. 

c o l i  suspensions when passed throilgh the uni t  according t o  direct ions,  o r  

when the saine suspension was repeatedly passed through the unit, o r  continu, 

ously exposed to the  ozonated air generated by the mit . 
i n  couit was brought about by these treatnents,  however, and a B. g lobig i i  

spore suspension wa6 a l s o  sharply reduced i n  count upon continuous ozonation. 

Oxidizable matter i n  the water was s l s o  reduced but not e l in ina ted  by ozone 

treatnent.  

B g r e a t  reduction 

The t rea ted  air coning from t h i s  laboratory scale  unit contained only 

about 10 t o  20 per  cent as much ozone as bas been reported for  largo scale 

connercial ins ta l la t ions .  

of ozone i n  water than could be obtained i n  la rger  uni ts .  

larger  units, the conceiitration of ozone which can be obtained i n  the t reated 

water i s  l i n i t e d ,  since the saturat ion concentration of  ozone i n  water i s  ~ ' 

Lirect ly  re la ted  t o  i t s  concentration i n  the air i n  contact with that water. 

This nat:arally resu l ted  i n  a lower concentration 

However, even i n  

The chenical t e s t s  perforned on the water t r ee t ed  i n  t h i s  laboratory 

scale uni t ,  emphasized the findings reported i n  the l i t e r a t u r e ,  that  ozone 

diss ipates  rapidly froc treEted water and tha t  no res idual  oxidizing e f fec t  

i s  found short ly  a f t e r  i t  has been dischzrged in to  the open. 

V I .  ReconnendRtions 

?Ione. 
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