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ABSTRACT - -

‘The effectiveness of ozonation to destroy animal virus
infectivity was studied. The misalignment of comparisons of
literature data was explained on the basis of varying amounts

of contaminating soluble constituents in the virus preparationms.

Ozone was determined to be an effective virucide in "clean"
water. An initial dose of 0.1 mg/1l of ozome provided 99.999%
inactivation of poliovirus practically instantaneously{ In

dynamic systems virus inactivation would be mass transfer limited.

Total organic carbon conteant of the suspending medium was
related to virus imactivation. Varying protective effects were
conferred.by'the_soluble constituents of the suspending medium #nd
the degrég.éf protection was dependent on the chemical nature 65 the
soluble components. Virus inactivation by ozone seems to be more
closelyvallied to competing ozone demanding constituents in the

suspending menstruum than to inherenmt properties of the virionm,
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INTRODUCTION

The establisghment of COmmﬁnity water supplies and‘the concurrent
inception of water disinfection pragticés have ied to a rapid declineA
in the incideﬁce of water-borne diseases. Transmission of disease by
the water route‘has been minimized'by successfully controlling the
prevalent etiological agént - the bacteria. However, complete removal

of disease producing agents from the water supply is not yet possible:

Public health officials are now most concerﬁed about virogenic
disease - particularly withAthe advent of‘water reuse for residential,
recreational, agricultural, and industrial purposes. Virus removal
accomplished by most'treatmenﬁ processes is generallf incomplete ( 3 ),
Many viruses péthogenic to man are shed in feces, are‘present in raw
sewage effluents, and are discharged into streams or other surface
waters ( 4 ) where they may persist for extended periods. Welke,
Friedrich, and Mai ( 70 ) were able to recover echoviruses 560 days

after seeding into river water.

More tham 100 viruses,.many causing dvert disease symptoms, have
been isolated from human feces.. Those most likely to be important in
water transmission include the.polioviruses, coxsackie viruses A,
coxéackie viruses B, echoviruses, reovir’uses, .adenoviruses, hepatitis
A virus, and probably the agent(s) ofiinfectious non-bacterial gastero-
enteritis ( 38 ), Invadditiop numerous viruses of non-human origin
aré freseﬁt iﬁ water bodies. If has been suggested that some viruses

when infecting unnatural hosts may produce cancers (35, 67). Considering
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that 57% of 14 million head of cattle in Canada are maintained on
the prairies and are producing ten.times the quantity of feces

produced By;man this may represent a special hazard ( 38 ).

Numerous reporte have shown the viruses to be more resistant than
bacteria to chlorination and other.treetmects ( 4'), thus precluding
the use of the coliform index as an indicator of disinfection in standard
treatment processes. -Viruses, also, are difficult to detect, requiring
sophisticated concentration techniques. Consideration of the inadequacy
of existing water and sewage treatment processes and concern generated
by the discovery of the carcinogenic properties or organochloride
complexes have led to a search for more effective and more innocuous

water treatment processes.

Ozone has been proposed as an alternmative to chlorine as a disinfectant
for drinking water anid sewage efflueots. A npumber of rather thorough
" gstudies have been made of the germicidal properties of ozone (8, 9, 11, 13,
22, 25, 30, 31, 39, 40 42, 59), but their chief characteristic is their
disagreement. A review of the literature reveals that studies of the
inactivation of viruses by ozone were carried out using varying procedures
and under differeat conditions (Table 1). None of the»studies evaluated
the effect of soluble organics present*in the virue euspensions;

Comparisons of the li;erature.data mnst; therefore, be viewed conservatively.




TABLE 1

~ Summary of studies on virus 1nactivationfby ozone

Author and year
Kessel et al, 1943
Coin et al, 1964

Yakovleva and
Ilinitskii, 1967

Carazzone and Vanini,

1969

Majumdar et al, 1973,

1974

Katzenelson et al,

1974

Pavoni and Tittlebaum,

1974 :

Longley et al, 1974

Snyder and Chang, 1975

Katzenelson and
Biederman, 1976

Virus studied

Poliovirus (MV)

Poliovirus I (Mahoney)

Adenovirus 7a

Bacteriophage T1 ‘

Poliovirus

Poliovirus 1
{Brunhilda)

- Bacteriophage f2

Bacteriophage £2

Poliovirus 1, 2, 3
Coxsackie B3, BS

. Echovirus 12, 29

Adenovirus 7a

Poliovirus I
(Brunhilda)

Condition

distilled wdter_

autoclaved tap
water

~distilled water

triple distilled
water

primary effluent
secondary effluent

ozone deman& free
distilled water

secondary effluent

secondary effluent

ozone demand

‘free distilled

water _
filtered river
water

filtered raw
sewage

Ozone measurement
method

oT™

‘Iodometric .

{-tarch indicator)

Iodometric

Todometric

Iodometzric

Ioddmecric
spectroscopic

Iodométric

- OIM

Todometric
spectroscopic



- INACTIVATION OF VIRUSES BY OZONE

- REVIEW OF THE LITERATURE

Ozone, a labile éllotrope of.oxygen, is a powerful oxidizing
agent, Since its discovery, by Schonbein in 1840, ozome has been
found useful in a number of applications. It has been used since
‘the beginning of the century to disinféct water supplies. Today,
more than 500 municipalities in 350 countfies use ozone as a
disinfectant ( 15.). In Canada there are 20 plaﬁts in operation.
Drinking water suppliéd to Quebec City is ozonated at the rate of
60 million galloné per day (mgd). A further installation, under
construétioﬁ, will treat 250 mgd éupp;ied to thg city of Montreal

(45).

In the United Statesvthe primary bbjective of oéonation has
been colour, odour and'taéte control in some water suppliés. Chlorine
is the moét widely used disinfectant in the world today. However, in
spite of all the successes atttibuted to chLS?ine there are problems

encountered in its use in certain disinfection applications.

Kionman ( 34 ) reviewed the advantages and disadvantages of using
ozone as a disinfectant. He concluded that it will probably never be
widely used in the U.S. for municipal wastewater disinfection so long

~as cost is a major design consideration.

Recently other factors have come to light which may considerably

affect the future of ozonation as a wastewater disinfectant. Potential
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carcinogens, in the form of chlorine-organic matter compléxes, have

ﬁeen detected in the Mississippi'River.' These same cOmpounds have

also been foundbin New Orleans' drinking water and in the blood plasma

.of local residents ( 16 ). A further study showgd a statistically sig-
nificant relation between cancer mortaliﬁy rates in'LAuisiana residents and

use of drinking water obtained from the Mississippi River ( 47 ).

Recently a wild strain of poliovirus 1 was isolated from an Ottawa
sewagé plant effluent ( 55 ). This was Judged as cause for concern since

immunity levels in the general Canadian population are decreasing ( 37 ).

The production of toxic end-products by chlorination of waters in
the presence of organic matter, and the ineffectiveness of existing
treatment facilities to remove viruses, have renewed interest in the
ozonation process. As nhturgl water supplies diminish, reclamation and

reuse become more important.

Although oéoﬁation techniquesvare very>effective,'it is surprising
that as yet there is little rational and scientific basis for its
.practiCal application. Thg germicidal properties of ozone were studied
in 1886 by De Meritans ( 52 ). The bactericidal nature of ozonation is well
known (6, 20, 25), but comparatively little informatibn is available om

the inactivation of viruses by ozone.

In 1943, Ressel et al ( 32 ) prompted by reports of a resistant
strain of ﬁoliovirus ( 66 ), compared chlorine, hypochlorite and ozome

as virucidal agents. Two strains of poliovirus (MV and Le) were
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compared, after treatment and neutralizationm, by intracerebral injectipﬁ

into monkeys (thaca mulattg).: Identical dilutions of the same strain

and_pdol of poliomyelitis virus weré‘eqused to chlorine in residual
amounts varying‘from 0.5 to 1.0 ppm and to ozome in residual amounts
between 0.05 and 0,45 ppn, under the same controlled éxperimental

conditions.'.The virus was inactivated in 2 minutéé by»ozone compared

to an interval between 90 and 180 minutes for inactivation by chlorine.

Poliovirus has been the choice for most inactivation studies
because of its resistance and ease of assay. Further reports on the
inactivation of polio§i:us by ozone were made by Coin.( 1l ), Perlman
( 50 ), Schaffernoth ( 56 ), Gevaudian ( 22 ), Majumdar (39, 40),

Katzenelson (30,31), McLean ( 42 ) and Sproul ( 61 ),

Other'virusés used to étudy inactivation by.ozoné include;
influenza ( 43'), adenovirus ( 71 ), veéicular stomatitis virus,
encephalomyocarditis virus, and GD VII virus ( 8 ) and bacteripphages fi
(48) and T1 (9 ). | |

Sproul ( 61 ) noted unusually large differencés, for o#bne
inactivation data, in comparing literature data from different sources.
He St:éséed the need for validatiom work for local situﬁtions, the
need for a standard methodology, and analytical methods capable of

deterﬁining the active disinfectant dnring»oéonation.

A study of the relative resistance of 20 human enteric viruses to

'frée'chlctipe.( 36 ) revealed a range of 2.7 to 60vminutés required for




1naotivation with O;S'mg/l chlorine.

Snyder ( 59 ) compared the relative resistance of 8 humnn enterio
. viruses (polio 1, 2 and 3; coxsackie B3 and B5; echo 12 and 29; and
adeno 7a3) to ozonatiOn.. The study‘was carried out in ozone-demand
free water and river water at 2° C, with a constant ozone dose of

1 g/hr. The only variable was contact time. The most important
aspect of this study was the'diécover?'of an intrétype resistance -
among members of echoviruses. Echo 12 required a contact-time 10 times

longer than echo 29 for the Same degree of. inactivation.

Attempts have been made to quantitate the Ozonation process as
it is. applied to virus inactivation. Majumdar (39, 40) worked with
the inactivation of poliovirus in triple distilled water, primary
effluent, and secondary effluent., He formulated two equations to
explain the inactivation kinetics above and below a threshold value
of 1. 0 ng/l ozone residual. The equations, relating ozone concentfation,
contact time and virus survival .were deemed valid for triple distilled

water, primary effluent and secondary effluent in both a batch and

continuous flow situation,

Katzenelson ( 30 ) found a two stage inactivation curve for polio-
‘virus. Stage one, of less than 10 seconds duration, resulted in 99% .
inactivation and stage two continued for several minuteg up to complete
inactivation, They postulated that the second stage was due to viral -
clumping since it could be eliminated by ultrasonication, ‘Another

finding from this study was that storage of the virus stock at -15° ¢
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'instead of the usual'-75° C conferred resistance on the ﬁirus. This
was explained as due Eo clumping and poses the quesfion‘if vifuseé 1n'
_natural environments are of the sensitivé type or if they include a
significant portiou of clumps - thus following the resistant pattern
of inactivation under practical field conditions of water and

wastewater disinfection. Viral aggregation is well documented (21, 58, 72)

Burleson ( 8 ) presented data complementary to that of
Katzenelson and described a synergistic effegt of ultrasonication and
ozonation on virus iﬁa;tivation. Vesicular stoﬁatitis>virﬁs, encephalomyo-
carditis virus, and GD VII virus were completely inactivated after treat-
ment with oéﬁne in 15 seconds when suspended in sterile phoéphate-buffered
saline., Longer times were,required when the viruses were suspended in
waters which exerted an pzone demand due to organic,materiél present.

This time could be reduced by simultaneous ultrasonication and ozonationm.

Katzenelson ( 31 ) investigated the effect of secondary effluent on
the inactivation of poliovirus by ozone. Sewage effluent containing

108

pfu/ml purified poliovirus was injected into buffer with a known
ozone concentration. The final concentration of the sewage effluent
was either 5% or 10%. Complete disappearance of the ozone was observed

on addition of the virus-effluent mixture. This was accoﬁpanied by a sharp

reduction (90-99.9%) in virus titer. However, this leaves an amount of re-
sidual infective virus of 107 to Los PFU/ml. Inactivation took. place in the
- first 10 seconds followed by an 1n51gn1f1cant change. The degree of inacti-

vatlon correlates thh the strength of the ozone concentration up to 1.3 mg/1,

above which there was only a sllght‘lncrease in ;nactlyatlon capaclty.




‘ Inactivation was less with VlOZ effluent than with 5% effluent at the
same ozone concentratien. Continuous bubbling into effluent resulted in
a 90 second lag before residual ozone appeared.. Following a 30 second
delay the virus was 99% inactivated in 1 minute even though no residual
was detected. After 2 minutes virus inactivation ﬁas 99.999% and the.
residﬁal was 0.6 mg/l. This compares favourably with ;he data of -

- Coin ( 11 ) who found a 0.7 mg/l residual required for satisfactory

inactivation and Majumdar's 1.0 mg/l "threshold" concentration ( 40 ),

A distinction must be made between disinfection and sterilizatiom.
Miller (43) evaluated methods to satisfy the rigid 100% sterilizatiOn
requirement, at Fort Detrick, for seWage containing highly pathoéenic or=-
ganisms, The study concluded that complete inactlvatlon of v1ruses, patho~
genic bacteria, spores, and endotoxlns was dependent on ozone dose and
contect time. Thirty minutes were required to produce sterility ia
sewage with a quantity of ozone between 100 and 200 ppm (measured as
‘the difference in the amount of influent and effluent ozone as applied
to the weight of‘the sewage sample). The period of treatment is related
to the contact efficiency between ozone and the agent. Removal of
suspended solids did not significantly decrease the time required to
sterilize nor the-gqan;i:y of ozone esed,fbut did significantly

»influence the disinfection time.

Nebel ( 46 ) conducted a pilot study with an 80 gallon per minute
commercial paekaged activated sludge plant. The effluent was ozonated

at a constant dose of 15 mg/l in a contact chamber. An average
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residual of 0.05 mgll'was produced, which decayed to zero after
leaving the contact chamber. Five minutes were required for 100%Z

" destruction of 1011

pfu/ml f£2 bacteriophage. However, disinfection
occurred within 3-8 seconds. (The term disinfection is not used in

its strict microbiological semse).

A pilot study was carried out By Sommerville and Remple ( 60 )
with a 60 gallon per minute p#ckage-pl;nt tre#ting drinking water to
control taste and odouf. A retention‘time-of 5 minutes with an ozone
residual of 0.1 mg/l was not sufficient for complete disihfection.'

(i.e. total reduction of microbiological flora).

‘MnLean and Smith ( 42 ) added Sabin poliovirus 1 to sewage effluent
which was passed down a 12 foot column at 2-4 1l/min (17°c). Ozone was
‘bubbled up at 3 1/min. Sam§123 were collected at 18 inch intervals,
Reduction of virus titer by_2-3 log TCIDg, fesulted from contact with
0.7-1.2 ppm ozone for 10 seconds.‘ A contaét time of 2.5 minutes at

1.6 ppm or greater residual ozone gave a 99.99% reduction in titer.

Dahi ( 13 ) degcribed the inactivation of microorganisms by ozonme
as a th;ee stage process. The firét sﬁageAis due to dzope demaﬁd, then
there is a proper inactivation étageAfollowed by a stage:due to the
inaétivggion of composed microbial units. The lattér stage could be
eliminated by prior or simultaneous ultrgsonic treétment, with
oéonation.' Data was presented to show thét'the germicidal properties

of ozonation result from free :adical formation when ozone decomposes.
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Hoigné and Bader ( 28 ) showed th#t hydrole radicals Are the
predominant decomposition product of ozone decay, catalyzed by the
hydfoxide ion in water. Rate constants for reactions of hydroxyl
radicals with many substrates are very high and these radicals are
cbnsumed preferentially by dissolved species (organic and inorganic)
before they encounter dispersed particlesvsuch as microorgafiisms.
Direct consumption of ozonme is slow and selective compared to the
fast, less selec;ive,.reaction of solutes with hydroxyl radicals.
Thus decomposition of ozoﬁe can compeﬁe with the direct consumption

of ozone molecules.

Peleg ( 49 ), reviewing the chemistry of ozone in the treatment of
water, presents evidence to show that the decompesition product, in
particular hydroxyl radicals, may be more important than ozone as the

oxidizing and germicidal agent in water.

In the above cited studies the data were obtained using varying
procedures and under different conditiomns. Extrapolations and direct
comparisons of the resistance of viruses to ozonation must be made

with caution.

. Properties of Ozong

The first recorded detection of ozone 1s that of a "sweet smell",
in the viciﬁity of an electric discharge, which was described by
Van Marum in 1785 (68). The name ozone was applied by Schénbein (57)

in 1840, who devoted his life to a study of ‘the gas. However, Schonbein
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_madé only semi quantitative observations on the chemistry of ozone and the ‘
.first precise information of'its chemical properties are derived from

the definitive work of Brodie ( 7 ).

Ozone is a triatomic allotrope of oxygen. Its exact structure
remains controversial, but it is generally considered to be a

resonance hybrid of the following structures:

+ +

3 0 | '_9 | o
SN -/ N\ /N =N+
.0 00 - 00 %0 | 0 O ' o

' The solubility of ozone decreases with increasing temperature and
pH ( 64 ). Ozone obeys Henry's law and, therefore, the solubility is
directly proportional to the partial pressure of 6zone in the gas phase

(14)..

Ozone is‘a labile gas and decomposes rapidly with increasing tempera-
ture and pH ( 33 ), and in the presence of organic and inorganic
impurities ( 18 ). The rate of decomposition of ozome is much slower

than the oxidation of organic substances present in the solution ( 2 ).

Houzeau ( 29 ) was'thg fifst to report the formation of a compound

between ozone and an organic material. Unfortunately véry few studies
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have been made of the chemical reactions involved in the ozonation

of organic and inorganic substances in water. However, on the basis

of its structure, ozone'may react as an electrophile, a nucleophile, or

as a 1,3 ~ dipole ( 2 ).

There is no reason for ozone itself to behave

as a radical, since it is non-paramagnetic, however a free radical

mechanism of decomposition has been proposéd for ozone in aqueous

solutions; -

+ H,0

+ OH

la

All intefmediates are véry reactive and short lived ( 1 .).

In aqueous solutions the germicidal properties of ozone are thought

to be due to the free réaical decomposition products (13, 28, 49)..
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MATERIALS AND METHODS

Production of oéone,,

_ Ozone was gene:ated by thg silent electric discharge process in
a model T-408 Welsbach Laboratory Ozonator. '(Wélébach Ozone Corp.
Philadelphia, Pa.). Dry, medical grade oxygen (déw point -85°F) was’
used as the feed gas. The ozone produced was delivered, via tygom
tubing, to a sintefed glass gas spgfger._ The yield was determined

- by gas flow rate, gas pressure, input voltage and electrode cooling.

Ozone-demand free water 9

Double glass distilled water was saturated with'ozone to. remove
ozone demanding organic materials. The residual ozone was heat

dissipated by autoclaving at 121°C for 30 minutes.

Preparation of ozone solutions

Ozone solutions for inact;vation experiments were preparéd
imme&iately‘before use by introducing ozome into ozone demand free
water to slightly greater than the requiréd concentrétién. Excess
c;oﬁe was reﬁoved by vigorously stirring the ozome solution on a

magnetic stirring assembly.

Measurement of ozone concentration in solution

The émount‘of ozone in solution was determined routinely by
absorption at 253.7 mm, previously described,byvﬂann and Manley (26 ).

-14 -




A calibration curve was prepared relating absorbance at 253.7 nm to
ozone concentration (mg/l) determined by the iodometric method
(Fig. 1). A 1 cm path length was used for ozone concentration D> 1 mg/1

~and 4 cm path length for concentrations less than 1 mg/L,

Iodimetric.determination of ozone .

Excess neutral, buffered, potassium iodide was oxidized by ozone
to iodine. The iodine was titrated with standard phenylarsene oxide
(0.00564 N) to the amperometric endpoint as described in Standard
Methods ( 63 ), The end pointAwas determined with a Wallace and

Tiernan Amperometric Titrator (Pemwalt, Corp., Belleville, N.J.).

In neutral buffered solution the stoichiometry of the reaction 1is:

03 +2KI + H20 -f——i I2 + 2KOH +.02

C6HSASO + 12 + 2 HZO —) C6H5A80 (OH)2 + 2HI

This method has been described as the most accurate indirect

chemical method available (5, 54).

'Cultivatipp and quantitation of viruses

The viruses used in this'study were éll low passage viruses and are
listed in table 2. With the exception of the adenoviruses, all viruses
were cultivated and assayed on BGM cells, which were obtained from

Dr. G. Berg, U.S. Environmeatal Protection Agency, Cincinnati, Ohio.
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" 0.D. 253.7

FIG. 1 CORRELATION BETWEEN ABSORBANCE AT 253.7 nm AND
OZONE CONCENTRATION. A 40 mm LIGHT PATH QUARTZ CUVETTE
WAS USED. 95% CONFIDENCE LIMITS ARE SHOWN. |




TABLE 2
N o ' _ I v Virus strains
Virus .»I Strain Isolation Passage . Source
Polio 1 - GP103, non-vaccine sewage effluent 5 (BGM) previcusly low passage Dr. S, A. Sattar, Dept. of
: ' . Microbiology, U. of Ottawa
Polio 1 GP100, vaccine sewage effluent 4§ (BGM) previously low passage "
Polio 3 " GP30 sewage effluent 4 (BGM) previously low passage "
Coxsackie B3 3315 - _ septic tank 4 (BGM) previously low passage "
Coxsackie BS ,'24 _raw sludge 4 (BGM) previously low passage . o
Adenovirus 8 45 : clinical 3 (HeLa) previously 3 (MK) . Dr. R. S. Faulkner, Dept. of
' Microbiology, Victoria Gen. Hosp
. Halifax, Nova Scotia
~ )
' Adenovirus 4§ RI-67 ) ATCC VR-~4 3 (HeLa) previdualy 3 (KB) Centre for Disease Control, Otta
5 (human amnion)
Reovirus 1 Lang ATCC VR~230 1 (RRMK), 5 (BGM) previously Com
1 (RhMK)
.Echovlrus 12 . Travis - ' _ ATCC VR-42 ' 3 (BGM) previéusly 2 (RhMK) -~ or. 0. Lui, Northeastern Water
‘ : . . ’ Hygiene Laboratory, Public Healt!
Echovirus 29 Jv-10 ' ATCC VR-227 - 3 (BGM) previously 2 (RhMK) Service, U.5. Dept. of Health,
. ' . Education and Welfare,
~'Harragansett, Rhodé Island
Polio 2 RS 7778 raw sludge 3 (BGM) previously 2 (MK) Mr. W. Stackiw,
: Viral Diagnostic Laboratory,
Coxsackie B4 GP1000 sewage effluent ¢4 (BGM). previously 2 (MK) . Province of Hanitqba .
Adenovirus 7 C-7312-75 clinical 3 (Hela)

Echovirus 11 C~-2491 ' ~  clinical 3 (BcM) Previously 2 (RhMK)



Adenoviruses were grown and assayed on Hela cells supplied by
Dr. W, Wold, Institute for Molecular'Virology, St. Louis University

School of Medicine, St. Louis, Missouri.

Both cell lines were maintainéd in Blake bottles. Complete
. monolayers, 3-4 days old, were trypsinized for 15 minutes at 37°C
to detach and disperse the cells (Appendix VIII). The trypsin
soluﬁian was then neutralized ﬁith.s mlvof‘Eagle's minimal essential
medium (MEM) containing 8% calf serum (APPéndix I). Cell culture

bottles were reseeded with approximately 2 X 107

cells and 90 ml of
Eagle's MEM with 8% calf serum was added to each bottle. Phenol

red indicator was deleted from the growth media and trypsin solutions.

Preparation of stock virus pools

(a) Polioviruses, coxsackieviruses and echoviruses}

Monolayers of BGM cells (approx. 1.5 X 106 cellé).on Falcon _
flasks (75 cm?) were infected with 3 ml of virus suspended in phosphate.
buffered saline (Appendix VII), at an input multiplicity of approximately .
3. Virus éuspensious were allowed to adsorb for 60 minutes at 37°C with
pefiodic gentle rocking. Maximum citopathié affect was QSually evident
within.20-48 hours. The virus was harvested by centrifﬁg#tion at 500 g
‘for 15 minutes an& cheAéupernaﬁant was fuftherAcentrifuged at l2,000 g

" for 30 minutes.

“The virus pools wére_further'purified by ultracentrifugation at

100,000 g for 1 hour. The pellet was washed twice in ozone demand free
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water and rééuspended into 22.m1 of ozone demand free water which was

further aliquoted into ozone demand free tubes and stored at 4° ¢c.

- (b) Reoviruses.

Reovirus pools were prepared in the same manner as the enteroviruses
except the pools were harvested before maximal cytopathic effect.

(usually 3-4 days) by ihrae cycles of alternate freezing and thawing.

The reoviruses required one passage on primary rhesus monkey kidney

cells before detéctable cytopathic effect was observed on BGM cells.

(¢) Adenoviruses.

Pools were ﬁrepared as for the enteroviruses except that the Falcon

flasks were seeded with Hela cells (4 X 106

cells). A complete monolayer
was formed in 24-48 hours. The virus inoculum was adsorbed for 3 h&urs
with gentle rocking every 20 miﬁutes. The maintenance medium was changed
after 3 days. Maximum cytopgthic effect was evident in 3—7 défs where~

upon the virus was harvested by three cycles of alternate freeéing and

Plaqué-;sgay

(a) Polioviruses, coxsackieviruses and echoviruses.

Foﬁr to six day old mbnolayers of BGM éelis in 5 ml of R3 medium
(Appendix II) in plastic tissue cuiture dishes (52 X 13 mm) were infeeted
with 0.5 ml of diluted virus. The virus was‘ailowed to adsorb for 60
minutes at 37°C énd'was then overlayed with 5 ml of agar overlay medium
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with 2% fetal calf serum (Appendii III). The plates were incubated ét
137°C 1n an atmosphere of humid 5% co,. After 38-42 hours the plates
were overlaid with 5 ml of neutral red agar (Appendix IX). Plaques

were counted 12-24 hours later.
"(b) Reoviruses.

The assay procedure was gimilar to that for the enteroviruses
except the BGM moﬁolayer was infected 3-4 days after seeding and the 
agai overlay medium contained 8% fetal calf serum. The cells were
refed with 3 ml of agar overlay 3 days post inféction and neutral red
agar was added at 7 days. For echovirus 11 neut;al red agar was

added 5 days after infectionm.
' (c) Adenoviruses.

The assay technique was similar to that above with the exception
that 1-2 day old Hela cells wefe used. Adsofption was'extended to
90 minut_eé'w;.th gentle rocking every 20 minutes. Five ml of ‘an enriched
agar overlay (Appendix IV):wgs added to each plate. Aftér 5 days
incubation the plates we£e=réfedeith 5 ml of ﬁhe same overlay'agar and
againvwitﬁ 3 ml after a further 5 days. Neutral red agar was added 15

days after virus infectiomn. .

Bacteriophage

': £2 bactefiophage stock was obtained from Dr. N. Zinder, Rpckefeller

University, 66th Street and York Ave., New York. The T series phage Qere'
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obtained from the American Type Culture Collection.

P:eparatioq”of bacterlophage stock

Bacteriophage stock was produced by the agar layer method of

Swanstrom and Adams (65). Escherichia coli K37+ was the host for f£2

and gi.ggli B for the T series phage. Host bacteria were grown overnight
on 1.5% agar tryptome slants and resuspended in broth before tse.
Bacteriophage dilution (0.1 ml) was mixed with host bacterium (0.1 m1)
and to this was added 2.5 ml of melted tryptone agar (0.72) which was
mixed and poured over a 25 ml layer of 1.5% tryptone agar (Appendix X).
Plates were incubated overnight at 37°%, Tryptone broth was added to
thoge plates showing semi~confluent lysis, Thig was incubated at room
temperature for 4 hours. The broth was removed and centrifuged at
12,000 g for.30 minutes. The Supetnatant,-containiné approximately

11

107" pfu/ml, was stored at 4%,

In the plaque assay technique 0.5 ml of a serial tenfold dilution,
with 0.1 ml of host bacterium, were added to 2 5 ml of melted 0.72 .
tryptone agar. After mixing ‘this was layered on 25 nl of 1.5% tryptone

agar.,

-Sewage samples
Primary and secondaty effluents were abtained from the City of

Winnipeg, North End Treatment Plant which had the operating characteristics

outliued in Table 6. Bacteriological analysis for fecal coliforms and




fecal streptococci were determined by the membrane filter technique

as described in Standard Methods ( 63 ) and Pseudomonas aeruginosa

was determined by the method described by Dutka and Kwan ( 17 ).

Total organic carbon

'Total carbon and inorganic carbon were estimated by the combustion-
infrared method described in Scandard Methods ( 63 ). Total organic o
carbon was determined as the difference of total carbon and inorganic
carbon. Samples wete-reproducible with a precision of less than ¥ 2.0

mg/1.

. Experimental design

The initial objective of this study was to determine the kinetics
»of inactivation of viruses suspended in various media. Preliminary
experimentation revealed that the inactivation reaction was very fast
and measurement techniques were not available to reliably monitor the
course of the reaction. An aspirator-static mixer device was eonstructed
which allowed samples to be taken 200 m'sec after initiation of the
reaction. . However this was still not a sufficiently short time interval
- to determine a time couree of reaction. It was therefore‘deeided thaﬁ,
for all practieal purposes, the inactivation reaction Rgg_gg_couldlbe
considered instantaneous. In a system where ozone was added.
continuously the rate 1imiting step would, necessarily, be determined
by mass trensfer. So eur primary objective then became the determination

of the_relative resistance of viruses to ozonation.
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A standard system was devised to optimize the mixing.process which
combined maximum accuracy with minimum losses. The most difficult step
to overcome in working with ozone, which is a labile gas, is the

preparation of and measurement of ozone solution.

To overcome the problems of maos transfer; ozZone was prepared and
used as an aqueous solution in ozone demand free distilled water. The
ceoncentration of ozone in the solutioo was determined by a direct,
quantitative measurement of light absorption at 253.7 nm. To interact
the virus preparation with the ozone solution.an apparatus was
constructed which consisted of two 10 ml syringes connected by a
3-way stopecock (Fig. 2). The apparatus was made ozone-demgnd free by
drawing a saturated ozone solution into syringe B and passing it into
syringe A. The ozone solution was flushed out througo the needle and
each syringe was reciprocally washed with six changes of ozone demand

free water,

Usually, during an inactivation experiment, syringe B contained 9 ml
of ozone solution of known concentration and syringe A contained 1l ml of
virus preparation. The stopcock was then adjusted to allow mixing of the
two solutions and, after discarding the first 2 nl, time samples were
. taken. The inactivated virus-ozone solution samples were mixed with a
oeutralizer and diluted for virus assay. The‘composition of the

neutralizer and diiuent»is‘given_in Appendix X.
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Figure 2. Inactivation Reactor




RESULTS AND DISCUSSION

Stability of Ozone '

Ozone is a labile gas which spontane§usly decomposes, probably by
a free radical mechanism, to oxygen. The st#bility of ozone is
~ critically determined by the suspending menstruum and physical conditions.,
.In freon-lZlat -73°C ( 41 ) ozone is stablé_for months, but under
conditions of practical use, the decomposition is greatly affected by
temperature, pH, presence of organic matter and inofganic ions and the

suspending phase.

In attempting to evaluate the effect of ozone on virus inactivation
a number of compromises have to be reached. The conditions must be
determined.to be mutually favourable to both ozome stability and virus

stability.

Ozone deﬁand—free double glass.distilléd watet‘pB 5.3 and 22°C,
was>chosen'as the most appropriate suspending fluid for making ozone
solutions and Fig. 3 depicts.the relati#e stabili:& of the most CQmmonly'
used ozome concentrations. In all inactivation experiments the elapsed
time between preparation of the ozone solution and addition of virus for
inactivation, was less than 1 pinute during which time negligible .
decomposition had occurred. It is uncertain vhat major effects on the
ﬁirus pieparation_were exerted by suspension in water with such low
ionic content and low pH. There appeared to be little change in

infectivity titre of most viruses which were stbréd at 4°C in ozone
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FIG 3. DECOMPOSITION OF OZONE IN
OZONE DEMAND-FREE WATER. -

- 26 -




demand free water. However, the echoviruses and coxsackie A9 rapidly
dropped in titre on storage. Floyd and Sharp ( 21 ) have attributed
this loss of titre to aggregation, and this indeed may be a contributing»
factor but other mechanisms may also be operating, such as leaching of

ions important in the structural integrity of the virus,

Suspension of'the virus in other media may stabilize the virus
infectivity but also leads to increased instability of the ozonme.
Fig. 4 shows the effect of inorganic icns (supplied as phosphate

buffered saline - Appendix VII) on ozone decomposition.

All inactivations were carried out in ozone demand free water, pH
5.3 at room temperature. It was established that temperatures from 1°C
to 22°¢C had the same effect on virus inactivation (Fig. 5).. Ozone
solutions were unstable at pH greater than 7.5 and the effect of pH on

virus inactivation could not be determined.

Inactivation of‘viruses

Fifty-five experiments were performed encompassing nore‘than 500
Separate inactivations. The single most obvious observation was the
natyre of the inactivation. Without exception, the pattern of virus
inactivation, after ozone treatment, was an immediate loss of infectivity
followed by a gradually diminishing inactivation on Prolonged exposure to
ozone. Fig. 5 depicts a typical inactivation curve, The sanpling time
~ was selected for convenieace. Preliminary experiments showed that the

initial inactivation occurred in less than 200 m-see,
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FIG 4. RATE OF DECOMPOSITION OF OZONE IN

- PHOSPHATE BUFFERED SALINE (PBS)
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The extent of viral inactivation was exponentially rélated to the
oZone‘dose. As shown in Fig. 6, ﬁ small'inCreaSe in ozone dose resﬁlts
in a very large inactivation. Loss of infectivity is measured iﬁ terms
of loglo inact;vation, which is defined as the negative logarithm of

the surviving fractiom.

Lo_g10 inactivation = —Log10 (N/No)
where N = titre of surviving particles (pfu/ml)

No = initial titre of virus suspension (pfu/ml)

Since - nglo (N/No).- Log, , (No/N) = Log, N°'L°316N

the working relationship fo:‘determining fhe 10810 inactivation is to
subtract the loglo of the surviving pfu/ml from the log of the initial
titre (logloNo - 10310N). This presentation provides a simple visuql
interpretation of the amount 6f inactivation and avoids the cumbersome
designation éf.per cent inactivation where it is_difficult to discern
the important 10-fold difference betwéen, for example; 99‘902 and 99-992
inaétivation. The term 1oglo.inaccivation is similar to the familiar pH
term, and'mathematically can be treated with the same ease. For example
assume a situation where 1l x 105 pfu/ml of virus is inactivatéd by |

‘addition of ozone to a fimal 2 x 102 pfﬁ/ml,'

5 3

N/No'= 2 x 10%/1 x 10° = 2 x 10~

10810 inactivation = - loglo (N/No) = - 10810 2 x71o'3>;

- —(lqgiOZ +'logl°10‘3

= -(0.301 - 3) = 2.7
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N =50 -2301=2.7

Similarly log10 inactivation = ioglo Nd-log10

To convert from log10 inactivation to surviving fractiom or 3

inactivationE 1-N/No) x 1002]
log, , inactivation = 2.7 = - log(N/N&)

=2.7 = (0.3 - 3.0) = log(N/No)

1093 x 1073 3

= N/No = 2 x 10
% inactivation = (1 - N/No) x 100Z = (1L - ,002) x 100Z = 99.82

~ It 18 not necessary to carry out the mathematical manipulations to

convert loglo'inaCtivation to Z inactivation 1if it is remembered that

1 1oglo inactivation - 90% inactivation‘

997 "

-2 loglo inactivation -
3 1og‘lo inactivation - 99;92 "
4 loglo inactivation - 99.992 "

and so on. The fractiomal log10 inactivation term can be readily

interpolated for example:
2.7 log10 inactivation
2 loglo'inactivatidn - 99% ' _ ¢

3 loglo inactivation - 99.9%

-antilog 0.7 = 0.84 N
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Therefore 2.7 log inactivation is 99.8%.

It is important to note that in Fig. 6 no virus inectivation occurs

"until the ozone concentration exceeds approximately 0.03 mg/1.

Presumably this is due to the finite ozone demand of the soluble
constituents of the virus suspension which must be overcome before
inactivation proceeds. Hoigne and Bader ( 28 ) have indicated that
during ozonation the soluble constituents of the suspension will react
preferentially to the reaction of dispersed particles. This point of
view 1s readily diSplaye& in Fig. 7 which clearly iandicates that as
soluble constituents of the suspension are removed, byvdilution or

ultracentrifﬂgation, the virus inactivation concomitantly increases,

Again, in Fig, 8 ig indicated the enhanced dose-response of a purified

Preparation of poliovirus,

Early in the,study it became apparent that efforts to compare the
relative resistance of a number of viruses to ozonation were fraught
with much inconsistency. Attempts were made to delineate the reason(s)
for these inconsistencies. One reason for differences in the relative

extent of inactivation of the virus preparations was that the preparations

~were not similar. The stock virus suspensions were compared on the

basis of total organic carbon (TOC) content. Table 3 indicates the

extent of virus imactivation by 0.1 mg/l ozone. Superficially it appears

_that some viruses are more resistant than others but, as seen in Fig, 9

this difference in "resistance" is most readily correlated to the

‘different TOC of the virus. Preparations, Even though these suspensions
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FIG 7. INACTIVATION OF POLIOVIRUS 1 BY 0.5 mg/l

OZONE (INITIAL DOSE).

A.- EFFECT OF LOG DILUTION OF VIRUS SUSPENSION -
* IMPURITIES -

B.-———-— EFFECT OF ULTRACENTRIFUGATION 100,000 X g

FOR ONE HOUR. (VIRUS RESUSPENDED IN
OZONE DEMAND—FREE WATER).
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TABLE 3

VIRUS TITRE (pfu/ml) TOC (mg/l) N LOG

-9 -

1O'INACTIVATION
' POLIO 1 (GP103) 1.4 x 100 26.3 12 3.1 %05
POLIO 2 (7778) . 2.5 x 10° 25.8 13 3.2 £ 0.2
POLIO 3 (GP30) 2.0 x 10° . 25.0 10 3720
POLIO 1 (GP100) C9.xa* . 2s.8 8 3.5 £ 0.3
COXSACKIE B3 1.1x10° 1 - 6 2.2 ¢ 0.2
COXSACKIE B4 2.0 x 10°  33.8 7 2.7 £ 0.1
COXSACKIE BS " 1.5 x 10° 33,8 3. 1.8 % 0.1
.ADENO & - 2.2 x 10 45.0 6 1.5 £ 0.4
ADENO 7 6.5 x10° 36.3 4 1.7 £ 0.2
o mmos . Lax1® . 45.6 .3 - Lssoa
. Ecmo 11 1.8 x 10° §7.0 8 1.9 + 0.1
ECHO 12 | 2.4 x 10° . 28.8 7 3.7 £0.1
ECHO 29 | 1.1 x 10° 25.5 8  3.6%0.3
REO 1  24x10° 2.3 12 3.3 £ 0.3
REO 3 | . 40x100 27.5 19 3.5 0.3
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FIG.9 CORRELATION BETWEEN VIRUS INACTIVATION
BY OZONE AND TOTAL ORGANIC CARBON (TOC) IN
THE VIRUS SUSPENSION. OZONE CONCENTRATION IS’
0.1 mgy/lI. r?= .88, r2= 77 | -

SEE TABLE 2 FOR STRAIN DESIGNATION.
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were all prepared and ultracentrifuged in a similar manner gross

~differences are still apparent.

Efforts were made té_détermine relative inactivation by mixing
each virus with diluted f2 bacteriophage (4.8 mg TOC). This effectively
16wered the total TOC bf the combined_preparation and 1t was expected |
that inactivation would therefore increase and the standard phage
pteparation would be an indicator of suspension purit&. Table &
displays the resulfs of thig comparison. It is teﬁpting-to conclude
on the basis of the data in Table 4 that thére is a differeﬁce in tﬁe
relativg resistance of the viruses studied to ozonation. However,
the‘dé:a preseated 'in Table 4 is the average of a number of inactivatioms
and in the individual cases sometimes the virus and sometimes the phage
was inactivated to a greater extent. On the éverage, hoﬁever, greater
inactivation was observed for the phage thén for the §iruses, and
again theie is a correlation between TOC of the preparation and extent
of virus inactivation. But the picture is more complex than is
evident at first glance. In general those viruses which showed low
inactivation when ozonated séparately showed an 1ncfegse in inactivation
whén:ozonéted in combination with'f2 phage (TOC is decreased) but, the
viruSes.which‘pfeviouslyvdemonétrated high inactivation siﬁgly have
decreased‘inactivatLOn when ozonated in combination with ﬁhe phage!

‘The addicion of the phage (suspended in nutrient broth) influences the
‘inactivations of the virus and appears to have “averaged" the influence

of suspension TOC on virus inactivation.
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VIRUS ~ TOC(mg/1)

Polio 1 (GP103)
Polio 2 7778
Polio 3 GP 30
Polio 1 GP 100
Coxsackie B3
Coxsackie B4 -
Coxsackie BS
Adego 4

. Adeno 7

.Adeno 8

Echo 11

Echo 12

-Reo 1

Reo 3

15.5
15.3
14.9
16.8

19.3

19.3
24.9
20.5
25.2
25.9
16.8
16.5

16.2

ZABLE 4

~ VIRUS

2.4 +

2.6

3.3 +

2.8 +

2.5+ .
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+ .5

. .3

LOG
INACTIVATION

10

PHAGE

3.4 + .4

3.5 i 05,

3.5+ .3

2.9 + .1

. 4.1 -+-__ .5'

3.3 + .4

3.2+ .4

3.0 + .4

3.9 +1.1
3.2 + .7

3.1+ .1

3.3+ .5

3.9+ .5

3'4 i .4

TOTAL LOG

10
INACTIVATION

3.2°
3.1
3.3
2.7.
3.3
3.6
3.3
2.9‘
2.8
2.9
2.7
2.3
3.2



| It is interesting to nofe at thiélpoint that stréin_GPIOB poliovirus
1 and strain GP100 poliovirus 1 are, by ;pplicationbof the Student's T
tést. different invresponse to ozonation (at the 957 level of
significance). Also, similarly, echbvirus 12 and 29 show ﬁo difference.
Previously Snyder ( 59 ) had fepbrted a more than significant'differencg

in the response of these two viruses to ozonation.

Clearly the factors influencing virus inactivation during ozonationm

are complex and; simple, general measureiments give omnly a partial picture.

 An attempt was made to perform inactivations of the different viruses

under similar conditions by mixing-tﬁe Qirus suspensions and, following
ozonation, to determine the extent of inaétivétion of each virus by
applying neutralizing antisera. Table 5 indicates the results of this

A attempt. No difference is aﬁparent in'ﬁhe_inactivation (957% level of‘

' significanée) of each virus in the presence of the other. No c£OSSe
néutralization was evident. The application of this technique to some

of the other viruses was not successful due, mainly, to breakthrough Qf'
the "neutralized"vvirus. _Néutralizing antisera could not be obtained in

sufficient titre to prevent this.

The effect of different kinds of TOC did not become fully appareat

until sewage was used as the suspending medium for virus inactivation.

Aliquots of a stock virus suspension were ulttacehtrifuged and the
pellets were resuspended in primary and secbndary effluents at varying

" effluent concentrations (O-IOZ).
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TABLE 5

Inactivation 6f poliovirus 1, 2 and 3 in combined suspemsion. 0.1 mg/l ozone.

- (individual virus was determined by the use of neutralizing antisera)

Virus

determined

Polio 1
Polio 2

Polio.3

3.6 x 10

Initial titre

(pfu/ml)

8.6 x 10°

5

2.6 x 10°

Neutralizing

antisera

Polio 2, Polio 3

Polio 1

Polio 1, Polio 3'

Polio 2

Polio 1, Polio 2

Polio 3

- 41 -

7.3 x10

Final titre

(pfu/ml)

2

2.2 x 102

0

Logyg

Inactivation

3.07

3.01

3.07




N

The primary and secopdary efflugnts were typical samples dbcained
from the City of‘WinnipegiNortthain Sewage Treatment Plant. The plant
had the operating characteristiﬁs shown in Table 6. The bacteriological
characterigtics of primary and secondary effluent were to be evaluated
each time a sample was .collected forvinactivétion studies. However ‘
many of the inactivation studies with the effluents did not yield

meaningful results, and this data was not obtained. Table 7 gives a

typical fecal coliform, fecal ét:eptococci and Pseudomonas aeruginosa

count for both primary and secondéry effluent.

The TOC of the primary effluenf was approximately five timés that of
the secgndary gfflﬁent. It would be expected that less inactivation
would occur in the‘prim@ry effluent than in the secondary. Héwever,
inspection of Fig. 10 shows that this is not the case. In each suspensién
the contribution to TOC of the virus suspension was 26 mg/l, and in Fig. 10
the TOC,is‘fhe combined contribution of that from the virus and that from
the suspeﬁsion medium. The most striking observation is that the very
small contfibution‘of TOC from the secondary effluent ﬁas a dramatic
effect on virus iﬁactivation.at the ozone concentiation used, more 380

than that derived from primary effluent or nutrient broth.

Thus it appears that the'"quality" of TOC is as important as the
quantity of TOC ia viral inactivation. This is‘an important concept
‘when one considers that recycled waters may have significantly different

- organic matter content than fresh waters.

fFig. il shows the effect of ozone dose, at three levels of TOC
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Table 6
Operating Characteristics - City of Winnipeg NE

Modchly.Average - 1975

Sewage Treatment Plant¥

*Reprinted with the kind permission
Mr. A. Penman, Director’

J F M A M J J A s 0 N )
FLOW (MGAL/DAY) ) . L
45.6  45.1 49.2 71.9 64.3 61.9 60.4 S54.2 52.2 50.8 44.8 43.0
pH ] o . . _
7.3 7.3 7.4 7.4 7.4 7.4 7.4 7.5 7.4 7.4 7.3 7.3
TEMPERATURE (°C) : . )
13.6 13.5 12,5 13.5 14.5 16.6 21.7 21.4 19.8 18.8 15.8 14.7
TOC (MG/L)
RAW :
205 202 171 170 155 152 137 141 166 159 162 178
PRIMARY , .
136 132 113 112 90 86 86 93 108 95 97 114
SECONDARY A _ _ ,
26 33 35 40 30 28 31 37 45 29 27 29
BOD5 (MG OXYGEN/L)
RAW . :
320 300 280 210 240 260 216 230 270 270 280 300
FINAL _ : ,
s 43 43 4 38 3s 36 47 40 . 31 29 46
AMMONIA-NITROGEN (MG/L)
RAW ‘ 7 . , :
26.2 26,0 23.6 17.2 25.1 16.7 13.4 18.3 22.2 25.7 22.7 22.1
_FINAL _ . -
24.6  24.3 22.5 16.2 24.5 17.3 11.2 14.4 20.5 26.6 20.8 20.4
TOTAL KJELDAHL-NITROGEN (MG/L)
RAW
38.2  34.8 31.3 25.3 '36.8 26.6 22.4 25.9 30.8 32.3 31.0 33.3
FINAL
27.7  26.0 23.3 18.7 27.3 19.5 13.2 17.3 23.3 24.9 21.9 23.6
NITRATE-NITROGEN (MG/L)
RAW ,
0:05  0.14 0.24 0.44 0.87 1.62 0.58 0.52 0.73 0.51 1.28 1.13
FINAL _ R
0.01 .0.02 0.07 0.31 0.39 ;.16 3.03 2.94 2.19 2.32 0.97 0.15

Wastes and Wastewater Disposal

City of Winnipeg

.43 .




TABLE 7

Bacteriological Quality of Primary and Secondary Effluents

‘Organism

Fecal Coliforms

Fecal Streptococedi

Pseudomonas aeruginosa 5.6 x 10

Primary Effluent

- '(CFU/lQO ml)

(L (2)

6 6

1.8 x 100 2.0 x 10

5 5

3 7.3 x 103

- 44 -

Secondary Effluent

(1) 2)

5 4

2.8 x 100 8.0x 10

6.0 x 10*

3

7.7 x 10*

3

2.9 x 100 4.0 x 10
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'FIG 10. INACTIVATION OF POLIOVIRUS 1 (GPIOS) SUSPENDED 1IN
PRIMARY AND SECONDARY EFFLUENTS AND NUTRIENT BROTH |
TOC OF VIRUS SUSPENSION IS 26 mg/I. |
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(supplied as nutrient broth) on £2 phage inactivation.

The effect of TOC on £2 inactivation at 0.1 mg/i ozone is shown in
Fig. 12. Considering the source of TOC it is difficul;'cq sQﬁate the
resistance to ozomation of £2 phage with that of the virus prEpsrations.;
.ReferenCe to Table 4 shows that the total iﬂsetivation in mixed suspensions
of.phage and virus is correlated well to the total TOC of the mixture but
no conclusions can be drawn concerning individual virus resistance froﬁ
this data. A similas result is obtained when the T series phage are

ozonated as tabulated in Table 8.

A standard procedure in the prepafation of virus‘stock pools of
entero vifuses 1s to add chloroform to the virus preparation to promote
cell debris dissocistion and to eliminate contaminating bacteria,
Chlorofbrﬁ is not gompleﬁely removed from the preparation and the
small amount of carry over into the virus stock pools.hss a high ozone
‘demand and a dramatic effect on virus inactivation., Table 9 lists'some
sources of ozone demand, encountered in virus pool preparations, and

their effect on virus inactivation.

The effectivgness of ozonation as a virucidal agent is determined
'primsrily by the chemical and Physisal state of the virus sﬁspensian.
It is apparent, from Table 9, that carry over of soluble constituents
from the cell fluida to the virus suspension medium influences greatly
the extent of inactivation of the virus achieved by ozonation.
Igdicatc: dye (phsnol.red) used in ths tissue culture medium and

»chloroform treatment of the virus suspension both show s particularly

- 47 -




- 8% -

 LOGjp INACTIVATION

94
4-
3,-
2_?
] -
T = — , ] B
48 96 S 192
TOC (mg/) -

FIG 12. INACTIVATION OF 2 BACTERIOPHAGE — DEPENDENCE'ON

. SUSPENSION TOC. OZONE DOSE IS 0.1 mg/l.




'.. I ' TABLE 8
Inactivation of mixed suspension of £2 and
Tl, T2 and T3 coliphage by 0.1 mg/l ozone
(Coliphage, suspended in nutrient broth was diluted

1/100 and mixed with a similar dilution of fz)

LoglobInactivation

Mixture

coliphage f2
£, + T1 4.8 3.5
£, + 12 | a1 3.7
£,+13 3.5 2.7




TABLE 9

Sources of ozone demand and effect on

inactivation of Poliovirus 1* at 0.1 mg/l ozone

Preparation

Stock virus harvested from tissue culture fluids
" (Phenol red not ‘present in the meaium)
Stock virus diliated 1/10 in ozone demand. free water
‘Stock virus diluted 1/100 in ozone 'demand free water
| Stock virus centrifuged 10,000 g for 30 minutes
Stock .virus centrifuged 10,000 g for 30 minutes then
]:00,000 g for 1 hour, resuspended in ozone demand
free water :
Above diluted 1/10
.Preparation ‘No. 5 with further 10,000 g (30 min.)
.'centr:l.fugaﬁion

Preparation No. 5 frozen at -70° ¢

_.Pteparation No. 5 previously treated with chloroform

* (£inal concentration 5%)

'~ Preparation No. 5 virus grown in medium containing phenol

red

!‘_".8.10
Inactivation

0.05
0.52

2.44
0.44

3.0
4.8

3.2

2.2
0.6

1.58

',ﬁ* All treatments were applied in a single experiment to a common source

‘of stock virus.
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dramatic effect. Routine freezing of aliquots of virus suspension also '

influences the inactivation.

Ultracentrifugation as a single treatment is not sufficient
"purification" since further dilution of this preparation greatly

increases the amount of inactivation of the virus.

Bioassay of virus may be a source of error in determining the effect

of ozomation. It is well knmown that there is a disparity between the

number of particles determined by electron microscopy and plaque forming

units ( 58 ). The data in Table 10 show that there is no important
difference apparent when three cell lines were used for biocassay of

ozonated poliovirus.

‘An #:tempt was made to standardize the assay procedure by using a

common cell liﬁe (except for adenoviruses) for virus assays. The effects of

physical parameters were not further studied but it was observed that the
echoviruses showed a poor response to plaque production on BGM cells which

were greater than four days old before infection.

Very little information is available on the mechanism of action of
ozone. Direct alternations of DNA and RNA have been suggested because of

changes in the absorption spectra ( 10 ), reactions with pyrimidine bases

(51), mutants formed by Escherichia coli exposed to aqueous ozone

solutions, and chromosomal sberrations of mouse ascites, chick
embryos ( 53 ), and human cells ( 19 ). Recently Hamelin and Chung ( 23 )
reported a genetic locus involved with DNA repair meéhanisms in an ozone

resistant E. coli.

The radiometric effects of ozonation suggest that free radicals

are involved. The short lived decomposition product of ozone - the
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TABLE 10

Effect.of assay system on determination of

poliovirus inactivation by 0.5 mg/l ozone

Cell line Loglo inactivation
BGM 4.25
Vero » - 4,26

HeLa ' 4,18
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hydroxyl radical - has been proposed as the germicidal agent in
ozonation ( 13, 28, 49), Hewes and Davis ( 27 ) showed that COD
removal was proportional.to the ozone decomposition rate rather

than the concentration of undecomposed ozone.

The importance of viral resistance is highly documented in the
literature and many reports appear which report viius strains that are
more resistant to a particular disinfection treatment. A good example
is the resistance of f2 éoliphage which has been reported as
less resistant andvmore resistant than polioVirus‘to
chlorination. Cramer ( 12 ) found no difference in the relative
resistance_of £f2 and poliovirus when a mixed suspension was inactivated

by chlorine and iodine.

Very little is known of the effect of ozonation on viruses
associated with suspended solids. Moore, Sagik and Malina ( 44 ) have

established that viruses associated with suspended solids are infective.

Further study is also required to determine the effect of virus
aggregation in the ozonation process: Floyd and Sharp have suggested

that virus aggregates may be the normal state in nature ( 21 ).

‘ conc’::,usxous

Virus inactivation by ozonation is expdnentially'rela:éd to the
amount of ozone applied. The extent of inactivation is determined
primarily by the amount and kind of soluble_consticﬁents in the
suspendiﬁg fluid. Under equivalent conditions the extent of virus

inactivation is éimilar for all viruses and f2 phage.
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The relative resistance of virus to ozome could not be unequivocally
determined neither could the rate of ;he inactivation reaction. However
for all practieal pufposes, considering that mass transfer of ozone gas
-into solution requires a considerably greater time than that oSserved for
virus inactivation, the inactivation process 1s mass transfer limited in

a dynamic system.

Ozone is a potent germicide when not influenced by soluble ozone
demanding substances, but becomes dramatically less effective in the

presence of certain ozone demanding substances,

The measuremeht of TOC is not sufficient alone to determine the

effect of ozone on virus inactivation.

More work is required to determine the effect of ozonation under
 actual operating conditions. Laboratory observations can serve only to

determine the direction of practical pursuit,

It is mislee&ing to talk in terms of "residual” ozone since it is
not poesible‘to dete:mine,.with conventienal methods, whether a residual
exists. 'Present'methods determine only total oxidant, with unknowm
germicidal pfoperties. It is unlikely that ozone, being so reactive
persists fo: any appreciable time in an organically centaminated
- environment. In any case it is certainly betterbco index microbial

inactivation to initial ozonme dose, which can be aceurately measured,

. On the basis of presently available informatiom it is difficult

to preﬁict a recommended use dose of ozone, It appears that each
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situation will require individual evaluation.

The present work sets the stage for a more intensive study into
the effectiveness of ozonation as a viral disinfectant. Further
investigation is required to elucidate the mechanism of viral
inactivation and the effect of virus adsorption to suspended solids.
There is little doubt that ozone, in aqueous solution, is a potent
virucide but its effectiveness is severely curtailed by soluble

organic contaminants.
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APPENDIX I
Growth Medium for'Cell Cultures
MEM concentrate

MEM Auto~Pow without phenol red 86.48 gm.

(Flow Laboratories)

Double glass distilled water (sterile) 7.7 liters
MEM concentrate v . 2.0 liters
Calf serum (Flow Laboratories) 800 ml.

heat inactivated at 57°C. for 30 minutes-(ll).
© L-glutamine (29.3 mg./ml,_(Sigma‘Chemical Co.) 96 ml.
Sédium bicarbonate (7.5%) 140 ml.
1 X MEM solution was dispensed into 500 ml. bottles
:ggezzml. of the following antibiotic solution was

Concéntrated Antibiotic Solution (PSF)

Penicillin G-Potassium salt (Sigma Chemical Co.) 10,000 units/mg.‘
Streptomycin sulfate (Sigma Chemcial Co.) 10,000 ug./ml.

Amphotericin B (Squibb) N : 250 ug./ml.
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R3 Growth Medium for Cell Monolayer Cultures

‘ . APPENDIX II

in Pétri Plates

|
|
|

Medium 199 (22 mg./ml., Gibco) 820 ml.

) MEM amino acids (SDX, Gibco) 1164 ml.

MEM vitamins (100X, Gibco) . 82 ml.

MEM non-essential amino acids (100X, Gibco) ' 82 ml.

L-glutamine (29.3 mg./ml., Sigma Chemical Co.) 82 ml,

. Sodium pyruvate (22 mg./ml., Gibco) 100 ml.
Tryptose phosphate broth (Difco) 1,000 ml.

Fetal calf serum (4&, Flow Laboratories) 800 ml..

Double glass distilled water (sterile) B 7,500 ml.

The medium was dispensed into 500 ml. bottles and to each
bottle 5 ml. of the PSF concentrate was added. The medium was
stored at -20°C. and thawed justibefOre use. The pH was
adjusted to 7.3 by the addition of 5.5 ml. sodium bicarbonate

(7.5%) and 3 ml. 14 NaOH.




APPENDIX III

Nutrient Agar Overlay with 2% Fetal Calf Serum

MEM Auto-Pow with phenol red (19 mg./ml., 2110 ml.
Flow Laboratories)

Fetal calf serum (A, Flow Laboratories) | 92 ml.

'L-glutamine»(29.3 mg./ml., Sigma Chemical Co.) 46 ml,

Concentrated PSF solution ‘ 46 ml.

The overlay was dispensed into bottles containing 57 ml.
each and stored at -20°C.
Immediately before use the overlay was thawed and heated

to 47°C. To each bottle was added:

Sodium bicarbonate (7.5%) _ 2.5 ml,
Eagle's buffer at pH 7.3 1 ml.
MgCl, (2.5 M) 1 ml.

The overlay was added to an equal volume of sterile 1.8%

Difco Bacto-agar which was cooled to 47°%.,
Nutrient Agar Overlay with 8% Fetal Calf Serum

The overlay was fiade in the same manner as above with the

following differences in constituents:

MEM Auto-Bow with phenol red (19 mg./ml., 1900 ml.
Flow Laboratories)

Fetal Calf Serum (AS,-Flow Laboratories) ' 360 ml.
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APPENDIX 1V

. - . )
Nutrient Agar Overlay for Adenoviruses

MEM Auto-Pow with phenol red (19 ng./ml., 1,900 m1,
Flow Laboratories) _ . :

Fetal calf serum (A, Flow Laboratories) . 360 ml.

'L—glutamine (29.3 mg./ml., Sigma Chemical Co,) 46 ml,

Concentrated PSF solution | .46 ml.

The overlay was dispensed into bottles containing 57 ml. each
and stored at -20°C,
Immediately before use the overlay was thawed and heated to 47%.

To each bottle the following was added:

Sodium bicarbonate (7.5%) | 2.8 ml,
Eagle's buffer at pH 7.3 1.3 ml.
MgCl2 (2.54) | 1.3 ml,
MEM non-essential amino acids (lOOX,'Gibco) 1.3 ml.
MEM vitamins (100X, Gibco) | 2.0 ml,
Arginine (2.1%, Sigma Chemical Co ) ‘ » 0.4 ml.
Proteose peptone (88 mg./ml.,. Difeo) ' - 5.0 ml,

‘ Total Voiume 71.0 ml.

The overlay was added to an equal volume of sterile 1, BZ

Difco Bacto-agar which was cooled to 47°%,




APPENDIX V
Ozone Neutralizer

MEM Auto-Pow with phenol red ‘ 70 gm.

(Eloﬁ Laboratories) | : :
. Double glass distilled water . : 4150 ml.
) The neutralizer was autoclaved at 121°%C. for
30 minutes and dispensed into 500 ml. bottles. To each
bottle was added: |

Concentrated PSF solution 5 ml.

Eagle's buffer at pH 7.3 ' . 5 ml.

"Virus Diluent
Neutralizer (prepared above) ' ‘ 1000 mil.
Ozone demand free water : 1000 ml.
The diluent was dispensed into 100 ml. bottles

and stored at 4°C.
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APPENDIX VI
Hanks' Balanced Salt Solution (HBSS)

Solution A - (10X)

KCl , _ _ & gm.
Mg*SOa-7H20 3 2 gm,
N§2HP04 0.5 gm.
Glucose : 10.0 gm,
KH,PO, _ 0.6 gm.

Double glass distilled water to 1 liter.

" Solution B - (10X)
CaCl2 _ 1.4 gm.

Double glass distilled water to 1 1i£er.

Working solution
solution A .100 mi.
solution B 100 ml.

Double glass distilled water to 1 liter.

Thé solutions were autoclaved at 121°C. for 20 minutes and stored at 4°C.




APPENDIX VII
Dulbecco's Phosphate Buffer Saline

Without Ca 2+ or Mg 2+ (PBS) pH 7.5

¥0X Solution

NaCl ' 80 gms. |
KC1 . 2 gms,
Na,HPO, (anhydrous) dibasic 1.5 gus .
KH2P04 monobasic » 2 gms.,

Double glass distilled water to 1000 ml.

Working Solution:
10X PBS 100 ml.
Double glass distilled water to 1000 mi.
The solution was dispensed into 100 ml; bottles, autoclaved at

121o C. for 20 minutes and stored at room temperature.




APPENDIX VIII

Trypsin and Versene Solution in HBSS

CW Trypsin

. KCl v 0.4 gnm.
K32P04 o _ ‘0.06 gm..
Glucose . 50.0 gm.

Double glass distilled water to 1000 ml.

Trypsin (Difco, 1:250 or 1:300) 100 g,

This was stirred for 30 minutes at 4°C. and centrifuged at 12,000 g
for 1 hour. The solution was filtered through a series of membrane
filters with Dacron separators starting with a pfe-filter, then a 1.2 u,

0.8 u, 0.6 u and 0.45 u filter.

HBSS | . 100 ml.
Versene (Baker Chemical Co.) 1 gm.

Double glass distilled water to 1000 ml.

This was autoclaved at 121°C. for 25 minutes and the f0110wing

were added:

Sodium bicarbonate (7.5%) | 4.7 ml.
1 & NaOH e 2.0 ml.
oW Trypsin 1 - 25 ml.
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APPENDIX IX
Neutral Red Agar
10X Solution

Neutral Red dye and NR redundant (Matheson,
Coleman and Bell) 1 gm.

Double glass distilled water to o 1000 ml.
This was filtered through 33 cm Grade 230 Reeve Angel filter

paper and stored at room temperature.

Working Agar Solution

10X Neutral Red solution ' 400 ml.
Double glass distilled water 1400 ml.
10% PBS (Dulbecco's) | 200 ml.
Bacto agar (Difco) | 18 gn.

Components were brought to temperature in a boiling water bath and

dispensed into 200 ml. bottles, which were then stored at 4°C.

Just prior to use the agar solution was melted and cooled to 47°%.




APPENDIX X

£2 phage cultivation media

Tryptone broth g/l
Bacto tryptone : 10.0
Yeést extract : 1.0
| Glucose ' ) 1.0
NaCl - 8.0
Cac;2 ' 0.33

pH to 7.0 with NaOH

Autoclave 121°¢
~ For plates add 1.5% Bacto agar and dispense 25 ml into plates.

Overlay - above broth with 0.7% agar

Diluent g/l
NaCl _ N 8.0
cacl, o 0.33

Sterilize by autoclaving.
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