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ABSTRACT:

TAKASH FUWJI. Inactivation of Hepatitis A Virus and O her
Model Viruses by Free Chlorine and Monochl oram ne (Under

the direction of Dr. Mark D. Sobsey).

The kinetics and extent of inactivation of two strains of
Hepatitis A Virus (HAV HML75 and HAV MDI) as well as three
ot her viruses. Coxsackievirus B5 (CBS) and Col i phage M52 and
erxi74, by 0.5 nmg/l free chlorine at pH 6.0, 8.0 and 10.0 and
by 10 ng/| nonochloramne, pH 8.0, at 5°C in O O M phosphate
buffer were determ ned. Both strains of HAV were relatively
sensitive 0.5 ng/l free chlorine but relatively resistant to
10 nmg/| nonochl oram ne. Conpared to the HAV strains, CB5
was quite resistant to inactivation by free chlorine but
simlar in resistance to inactivation by nonochl oram ne.

The col i phages were, in general, nore sensitive to

i nactivation by free chlorine than the enteric viruses at pH
6.0 and 8.0. |j~X174 was inactivated the nost rapidly of all
the viruses tested and showed a sensitivity to inactivation
at pH 10.0 internedi ate between that of HAV and CBS. Ms2
was nore sensitive to inactivation by free chlorine at pH

6.0 than the HAV strains, but at the higher pH s, was
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inactivated at sinmilar or slightly slower rates than that of
the HAV. 0X174 was inactivated nost rapidly of all viruses

tested by 10 ng/ 1 nonochl oram ne, pH 8,0, while Ms2 was the

nost resistant to i nactivati on under these conditi ons.
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1. I NTRODUCTI ON AND OBJECTI VES

In recent years, nuch attention has been focused on the
viral contam nation of drinking water and drinki ng water
supplies. This has been the result of studi es which have
found pat hogeni c viruses present in supposedly pristine
groundwat er supplies and in finished drinking water. 1In
addi ti on, several waterborne outbreaks of viral disease,

i ncluding infectious hepatitis, have enphasi zed the public
health ri sks associated with such contam nati on. O the
wat er borne enteric viruses, Hepatitis A Virus (HAV) is
probably the nost inportant due to the severity of the

di sease it causes, its persistence in the environnent and
the high levels with which it is excreted by infected

i ndi vi dual s.

New reports have suggested that conventional water
treatnent practices, generally believed to be effective in
produci ng m crobi ol ogically safe drinking water, nmay be
allowing enteric viruses to pass through and that the
traditional bacterial indicators of fecal pollution may be

nore sensitive than the enteric viruses to the sane water-

treatnment practices.

Thus there is a clear need for informati on on the

ki neti cs and extent of pathogenic virus inactivation by

wat er treatnent processes to establish reliable water
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treatnment practices and water quality standards.
Unfortunately, such information is unavail able for HAV due
to the previous | ack of sophisticated | aboratory techni ques
for detecting and quantifying the virus. Recent advances in
HAV t echnol ogy have finally nade such research possi bl e.

This research is intended to provide a better
under st andi ng of the behavi or of nonodi sperse preparations
of HAV in buffered hal ogen-demand-free (HDF) water when
exposed to known concentrations of free chlorine and

monochl orani ne. The specific research objectives are as

foll ows:

1. To deternmine the kinetics and extent of Hepatitis A
virus (strain HML75) inactivation by 0.5 nmg/l free chlorine

at 5°C over the pHrange of pH 6.0 to pH 10.0.

2. To determ ne the kinetics and extent of HAV HML75

I nactivation by 10 ng/l nonochl oram ne at 5°C and at pH 8.0.

3. To conpare the inactivation kinetics of HAV HML75 with

those of two bacteri ophages, M52 and 0X174, and

Coxsacki evi rus Bb5.

4. To conpare the inactivation kinetics to free chlorine

and nonochl or anm ne between two di fferent strains of HAV

(HML75 and MDD ).


NEATPAGEINFO:id=0876B769-E3F1-4367-AEF4-E8AB92F9C1FA


2. REVI EW OF THE LI TERATURE

The transni ssion of disease through the ingestion of water
contanm nated with pathogeni c mcro-organi sns has been wel |l
docunented t hroughout history. To prevent such outbreaks,
drinking water has been subject to variety of treatnent
processes. In the United States, one of the earliest
met hods of treating water involved the addition of chlorine
to drinking water to control the agents causi ng wat er bor ne
di sease. This began in Jersey Cty, in 1908, and the
practice of chlorine disinfection quickly becane w despread
(Akin & Hoff, 1984). The use of chlorine to disinfect
public water systens had a significant public health inpact,
resulting in a dramatic reduction in the nunbers of deaths
reported fromtraditionally epidem c waterborne diseases in
the first third of this century (Qivieri, 1984)

Over the years, new anal ytical techni ques have i nproved
our know edge of drinking water contam nants and have
brought to our attention pollutants and hazards unknown in
earlier years. Witer treatnent technol ogi es have had to
advance to cope with these new "forns" of pollution, which
have i ncluded the di scovery of anpbebic cysts resistant to
chem cal disinfection and water pollution by synthetic
organic chemcals. Simlarly, the recent devel opnents of

nor e sophi sticated techniques of detecting and quanti fying
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enteric virus populations in water have focused attention on
these agents as potential public health hazards in drinking
water. Due to different nethodol ogies involved in the
attenpts to isolate viruses fromdrinking water sanples,
there are contradictory results in the literature over the

presence and significance of viruses in finished drinking

wat er suppli es.

In 1980, Sekla and co-workers found enteric viruses in

finished drinking water sanples in Mnitoba, Canada

(Sekla et. al., 1980). Payment, in 1985, undertook a |arger
survey and found enteroviruses in the finished water of five
of seven drinking water treatnent plants in Mntreal, Canada
(Payment et. al., 1985). Enteric viruses have al so been
found in water sanples from South Africa (Nupen, 1976),
|srael (Bitton et. al., 1986) and G eat Britain
(Bitton et. al., 1986) but there have been questions about
t he met hodol ogy used for virus isolation and whether the
water treatment plants in these studies were operating
correctly. In the United States, an EPA study of 54
comunity water systems across the country failed to find
any virus in the finished drinking water

(Bitton et. al., 1986) but viruses have been isolated from
marginal ly treated drinking water (Hejkal et. al.,1982) and
in fecally contam nated groundwater supplies

(Sobsey et. al., 1985). 1In addition, several recent

out breaks of waterborne viral disease, including a 1980

epi dem ¢ in CGeorgetown Texas involving 36 cases of Hepatitis
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A and 8000 cases of acute gastrointestinal ill ness of
unknown etiology (Hejkal et. al., 1982), have been reported.
These reports have enphasi zed both the risks associated with

enteric virus contam nati on of drinking water and the need

for further research on the behavi or of these viruses in

wat er and wast ewat er treat nent processes.

2.1 ENTERI C VI RUSES

Enteric viruses are those that enter the body via the
oral route and infect the alinmentary tract. These viruses
multiply in the gut and are shed in the feces in
concentrati ons as high as 10i i hfecti ous particl es per
gram It is estinated that there are over 100 enteric
vi ruses known to i nfect humans.

The enteric viruses enconpass a | arge popul ati on of

viruses with the nost inportant groups being the
Ent erovi ruses, Norwal k Virus, Rotavirus, Reovirus,
Par vovi rus, Adenovirus and other small, round "structured"
gastrointestinal viruses. These viruses are responsible for
a whole array of diseases in humans ranging fromrespiratory
i nfections and nervous systeminfections to gastroenteritis
di sease.

The nost studied group of enteric viruses are the

enteroviruses belonging to the famly Picornaviridae. These

i ncl ude Pol i oviruses, Coxsacki eviruses A+B, Echoviruses and
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Hepatitis A Virus. Enteroviruses are characteristically
acid stable and are resistant to all known anti biotics,
chenot her aupeuti c agents and to organi ¢ sol vents such as
ether, chloroformand freon (Frosner, 1984; Ml nick, 1985).
The node of transm ssion of infections by enteroviruses
is primarily through person-to-person contact via the fecal -
oral route. The viruses can also be transmtted by
ingesting fecally contam nated food or water. \Waterborne
transmi ssion of viral disease have been docunented for
Norwal k virus, Norwal k-1ike viruses. Hepatitis A Virus

Rot avi ruses and possi bly poliovirus. (Ml nick, 1985).

2.2 Hepatitis A Virus

Hepatitis A or infectious hepatitis is one of several
di seases grouped under the termviral hepatitis. Vira
hepatitis can be caused by a variety of different agents
with the only comon feature being that the liver is the
main target organ and the site of viral replication. O the
di seases linked with viral hepatitis. Hepatitis Ais the
nost prevalent form wth approxi mately 30,000 cases per
year reported in the U S. (Hollinger & Melnick, 1985;
Frosner, 1984)

Until recently, attenpts to identify and characterize the
causative agents of infectious hepatitis were hanpered by a

| ack of sophisticated |aboratory techniques to detect and


NEATPAGEINFO:id=90DDED5A-3F27-4D59-9049-950707EB74F6


quantify the virus. In fact, early research on the causative
agent of infectious hepatitis (Neefe et. al. 1945) depended
upon the use of human volunteers to determ ne the presence
or absence of the yet unknown agent.

Research into the physical and biol ogi cal aspects of
Hepatitis A Virus (HAV) becane possible after Feinstone, in
1973, first visualized the viral particles in the stools of
hepatitis A patients using inmmune el ectron m croscopy
(Feinstone et. al., 1973). Further information becane
avai |l abl e when HAV was first cultivated in cell culture in
1979 (Provost & Hilleman, 1979). The lack of any visible
cytopathic effects and the | ate appearance of viral antigens
after infection, by nost strains of HAV, have still made
detection and enumeration difficult (Frosner, 1984).

The recent work on HAV has led to the devel opnent of a
nunber of serological and cell culture techniques to detect
and enunerate HAV. These new techni ques include the
Radi ol mmunoFocus Assay (RIFA) which is the primary method
used in this research to assay for HAV (Lenon et. al., 1983).
In addition, a newrapidly replicating isolate of strain
HML75 from persistently infected, serially passaged cel
cul tures has been found to produce cytopathic effects. This
has | ead to the devel opment of a plaque assay for this
strain of HAV and this new strain should allow for a nore
rapi d assay procedure for HAV. Studies are currently

underway in our lab to determ ne whether this new strain
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behaves in a simlar manner with established | aboratory
strains of HAV (Croneans et. al., 1987).

Mor phol ogi cally, HAV is a non-envel oped 27-28 nm
i cosahedral virion with 32 capsoners on its surface. HAV
has now been cl assified as a nenber of the Genus Enterovirus
within the family Picornaviridae and has been desi gnat ed
Enterovirus 72 (Frosner, 1984).

The HAV virion has a buoyant density in cesiumchloride
(Csd) of 1.32to 1.35 g/cxiP and a sedinentation of 156 to
160S in a neutral sucrose sol ution. HAV i sol ated from
human fecal speci nens have shown both |ighter and heavier
popul ations with different sedinentation rates in addition
to the nature virions (Bradley et. al., 1975;

Fei nstone et. al., 1974; Siegel & Fisher, 1978). The
lighter portions band at a buoyant density of 1.2 9 to 1.31
g/cnﬁgﬁﬁgzre bel i eved to repreégﬁi enpty, prenaturE_Virions
(Bradley et. al. 1975). The dense forns have buoyant
densities of 1.40 to 1.48 g/cm and these heavi er virions
have been shown to be norphologically sinilar and exhi bit
the sane nmj or surface antigens as the comon virion
(Dienstag et. al., 1976). It is thought that the higher
density results fromthe penetration and bindi ng of cesium
cations to a nore open conformation of the viral capsid
(Hol I'i nger, 1985).

The HAV genone contains single stranded RNA with 8,000 to
8, 100 nucl eoti des and has positive polarity. The RNA codes

for four major polypeptides: VPl (30,000 - 33,000 daltons);
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VP2 (24,000 -26,000 daltons); VP3 (21,000 - 23,000 daltons)
and VP4 (7,000 - 14,000 daltons) and a m nor pol ypeptide VPG
which is attached to the 5 end of the viral RNA (Coul epis
et. al., 1980).

HAV has been particularily singled out as a public health
hazard due to the severity of its infection and its
denonstrated persistence in the environment. Recent studies
in our | ab have shown that HAV can renmain i nfectious for
long periods of tinme in water and wastewater effl uent. For
exanpl e, studi es have shown the T99% val ue (ti e necessary
to achieve two |l og reduction in original virus
concentration) for HAV to be : 8 weeks for groundwater, 12
weeks for primary effluent, 16 weeks for secondary effl uent,

and 3 to 4 weeks for seawater (Sobsey et. al., 1986).
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2.3 Coxsacki evi ruses

Coxsackievirus are classified as enteroviruses and are

non- envel oped, 28nm icosahedral shaped virions. The
viruses contain single-stranded, positive polarity RNA and
the virions show a sedi nentati on of 153S in neutral sucrose.
The Coxsackievirus are divided into two groups and are
differentiated on the basis of the target tissue. Goup A
with 23 serotypes, causes prinmarily striated nuscl e danage
while Goup B, with 6 serotypes, attacks primarily fatty

ti ssue and central nervous ti ssue. Di seases attri buted to
Coxsacki evirus group B include pl eurodynia, aseptic
meningitis, paralysis and severe systenic illness in
newborns (Joklik, 1985). Coxsackie B5 was chosen as one of
the nodel viruses in this study because disinfection
experiments have shown that it is the nost resistant of the
enteric viruses to inactivation by chlorine

(Engel brecht et. al., 1980; Paynent et. al., 1984).

2.4 Bacteriophage M32

M52 is an RNA bacteri ophage and is classified within the

famly Leviviridae. Morphologically, MS2 is an icosahedral
particle of 24nm dianeter, |lacking a tail or other surface

features and has a sedi nentation of 80 - 82S. The MS2
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genome contains a single-stranded 3569- nucl eoti de | ong RNA
mol ecul e which codes for three proteins; the "A" protein or
maturation protein, the coat protein and the viral
replication protein (Fraenkel-Conrat, 1974). M2, as are al
RNA phages, are specific to male E. coli hosts because the
phage receptor sites are on the f-pili of the E. col
(Joklik, 1985). MsS2 was chosen as one of the test viruses

because of its potential as a possible alternative indicator

for enteric viruses.

2.5 Bacteriophage Six 11A

0X174 is the nost studied of the small isonmetric DNA
phages. Al these phages are quite simlar and are
serologically related. 0X174 differs fromthe other three
viruses used in this study in that it contains single-
stranded, circular DNA in its genone. The DNA nol ecul e
contai ns 5375 nucl eoti des which code for ten separate
proteins; three are structural proteins, four are invol ved
in DNA synthesis; one protein causes cell lysis while the
function of the renaining protein remains unclear (Joklik,
1985) .

Mor phol ogi cal Iy, 0X174 has an icosahedral shape with
spi kes protruding fromthe virion at the twelve vertices of
the icosahedral. The particle has a dianeter of 25nmif the
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spi kes are not included and has a buoyant density in Csd of

1.43 g/m (Fraenkel -Conrat, 1974; Denhardt, 1977).

2.6 Vi rus Cont am nati on of the Environnent

Viruses in the environnent are a hazard due to the ri sk
of hunan infection through close recreational contact wth
cont anmi nated water, consunption of contani nated food and
drinking tainted water. Throughout the world, viral
contam nation of water is very commobn. The contam nation
occurs when hunman fecal nmaterial, which nay contain upwards
of 10 Infectious Units (U /g, are discharged directly or
indirectly into the environment. | n devel oping countries,
the | ack of adequate net hods of di sposi ng hunan wast es
contributes greatly to the pollution of surface and
groundwat ers. The contanination may occur as a result of
direct discharge of sewage into receiving waters and soils
or from non-point sources such as run-off frominadequate
| and di sposal of sewage.

Virus contanination of water is not only linmted to
devel opi ng countries. Surface water supplies in devel oped
countri es can becone contani nated through i nproper or
i nadequat e net hods of di sposing human wastes. Because in
this country, the treatnent given to wastewaters varies
greatly fromplant to plant, the quality of the effluents

| eavi ng these plants can al so vary. Raw nuni ci pal

12
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wast ewat er may contain virus concentrations ranging from?7 x

10-* Plaque Formng Units (PFU)/L of sewage to 10"/ L
(Bitton, 1980). Bitton in a review of over 150 studies,
found that prinary treatnent of sewage does not provide
effective renoval of viruses and that the chlorination of
sewage ef fluent does not guarantee a sewage-free effl uent.
It was al so reported that biological treatnent processes
vary in their virus renoval efficiencies with the activated
sl udge treatnent showi ng the greatest reduction in viruses.
The advanced treatment processes, however, were found to
lead to significant reductions in virus concentrations
(Bitton et. al., 1986). |In another survey. Block found
that 56 to 58% of chlorinated effluents, conpleting
secondary treatnent, contained viruses (Block, 198 3).

In nost cases effluents from wastewater plants are
di scharged directly into receiving waters, posing a
potential threat to any downstream users of the water.
Ot her sources of viral contam nation of surface waters
i nclude the direct dunping of raw sewage into nari ne waters,
run-off fromland application of sludge, and | eachate from
septi c tanks.

Recent studi es have indicated that groundwater, generally
consi dered well protected, has been subject to viral
contam nation fromseptic tank and cesspool overfl ows,
groundwat er recharge with wastewater effluent and from |l and
appl i cation of sludge (Keswi ck & Gerba, 1980). The extent of

viral contam nation of groundwater is difficult to ascertain

13
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due to the | ack of sensitive detection neasures. Vi ruses
t hat have been isol ated from groundwat er include Echovirus,
poliovirus. Rotavirus and Coxsackie B virus

(Keswi ck & Gerba, 1980).

2.7 I ndi cators of Fecal Contam nati on

The detection of fecally contani nated water is of great
public health concern due to the risks associated with
consunption of and contact with polluted water. Because
there are a | arge nunber of pathogenic m cro-organi sns
potentially present in fecally polluted water, the specific
identification of each type of bacteria or virus species
woul d require a | arge nunber of sanples and a wi de variety
of nedia and nethods. (Qbviously, such an effort woul d be
time consum ng and prohibitively expensive. Therefore,
regul atory agenci es have adopted a program of using nodel
m cro-organi sns to serve as indicators of fecal pollution
Thi s has provided an i nexpensive and rapid nethod for
routinely testing drinking and recreational waters as well
as wast ewat er .

In the United States, the traditional indicators of fecal
pol lution consist of a test for two groups of bacteria, the
total colifornms and fecal coliforms. These groups are
defined by the paraneters of the nmethods used to isolate

them The first group, total coliforms, conprises all of
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t he aerobic and facultative anaerobic, gram negative, non-
spore form ng, rod shaped bacteria that fernent | actose with
gas production within 48 hours at 3 5°C. The second group,
whi ch nore accurately reflects the presence of fecal

mat eri al from warm bl ooded animals are terned "fecal
colifornms". The fecal coliforns are those coliforns that
can fernment |actose at 44.5°C (Bitton, 1980).

An indicator can only performits function accurately if
it can satisfy certain criteria based upon the behavi or and
characteristics of the pathogen that it is supposed to
nodel . Stetl er proposed a set of eight criteria for an
i deal nicrobial indicator of pathogenic organi sns. These
are: (1) An indicator should al ways be present when the
pat hogen is present and absent when the pathogen is absent.
(2) The persistence and growth characteristics of both
i ndi cat or and pat hogen should be simlar. (3) The pathogen
and i ndi cator should occur in a constant ratio so that
counts of the indicator give a good estinate of the nunmber
of pat hogens present. (4) Preferably, the indicator should
be present in the source of pollution at levels far in
excess of the pathogen concentration. (5) The i ndicator
shoul d be resistant to the environnent and disinfectants at
the sane rate as pathogens. (6) The indicator should be non-
pat hogeni ¢ and easily quantifiable. (7) The test for the
i ndi cator should be applicable to all types of water.

(8) The test should detect only the indicator organi sm and

shoul d not give fal se-positive reactions (Stetler, 1984).
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Recent wat er borne out breaks of viral di sease and the
reports of the isolation of viruses fromfinished drinking
wat er sanpl es have begun to cast doubt on the suitability of

these bacterial indicators to accurately predict the

behavi or of enteric viruses in water and wast ewat er

treat nent processes. St udi es have shown that coliform
bacteria are nore sensitive to inactivation by commonly used
di sinfectants and by water and wastewater treatnent

techni ques than enteric viruses (Berg et. al., 1978;
Grabow, 1983; Stetler, 1984; Havel aar & Ni euwstad, 1985).
In addition, enteric viruses have been isolated from
groundwat er (Keswi ck & Gerba, 1980), sea water (Gerba et.
al., 1979), ocean sludge dunp sites (CGoyall et. al., 1984),
chlorinated primary wastewater effluent (Berg, 1978), and
drinking water (Bitton et.al., 1986) which have been found
to be free of total and fecal coliforns.

A possible alternative to the total and fecal coliforns
whi ch has shown prom se in nodeling the behavior of enteric
viruses are the bacteriophages. There has been much
di scussi on on the potential of using the phages as enteric
virus indicators because they satisfy the follow ng
criteria: (1) The bacteri ophages occur in high
concentrations in fecally polluted water and wastewater and
i n higher concentrations than animl viruses (Bitton, 1980),
(2) The bacteriophages are present whenever coliforns are
pr esent

(Kott et. al., 1974), (3) Human enteric viruses are absent
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when phages are absent (4) The bacteri ophages can be

i sol ated fromwastewater w thout concentration procedures
and the assay for the phages are relatively inexpensive and
rapid, with results beconi ng available within 24 hours. The
bact eri ophages are al so bi ol ogically and norphol ogi cally
simlar to enteric viruses and shoul d be expected to behave
simlarly in an aquatic environment

(Funderberg & Sorber, 1985).

Research conpari ng the behavi or of phages and viruses in
wat er and wastewater treatnent processes have produced
favorabl e, though sonewhat contradictory, results. Gr abow
(1984) found that the bacteri ophage M2 was npre resistant
than enteric viruses HAV and CB5 to exposure to chlorine
whi ch contai ned chlorine predom nantly in the conbi ned
forms, while in studies conducted with free chlorine
residuals, M52 was alternatively nore resistant and nore
sensitive than HAV depending on the pH of the test water.

Stetler (1984) nonitored the behavi or of coli phages,

i ndi cator bacteria, and enteroviruses in a drinking water
pl ant. It was found that coliphages and enteroviruses
behaved in sinmilar patterns in the source water and in
treated water before chlorination (which caused the total
renpoval of all detectable viruses) and that enteroviruses
could be nore strongly correlated with coli phage counts than
t hose of the traditional indicator bacteria.

A study testing the suitability of using coliphages as

i ndi cators of enteric viruses during activated sl udge
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treat nent of donestic wastewater, done by Funderberg and
Sorber (1985), revealed that counts of total endogenous
col i phages could not be correlated with those of enteric
viruses, however, a certain popul ation (those form ng
pl aques of > 3mm) were found to be highly correl at ed.

In this study, we will use two specific strains of phages
in our controlled chlorine experinments to determ ne whet her
either strain can be correlated with the inactivation rates

of the enteric viruses.

2.8 WATER AND WASTEWATER TREATNMENT

To provide virus free drinking water, two seperate
strategi es nust be pursued. Cearly, one would be to
i npl ement water treatnent practices that can be expected to
renpve virus | oads even under the worst case situations.
The other is to protect the surface and groundwater sources
of drinking water from beconm ng grossly contanmi nated with
pat hogenic viruses. Thus the treatnent regi nen given to
both water and drinking water are vitally inportant to
ensure biologically safe drinking water. Unfortunately,
there is nuch evidence suggesting that conventional sewage
treatment technol ogi es are not conpletely effective at
renmovi ng viruses from wastewater and that even conventiona
wat er treatnent processes can allow viruses to pass into

drinking water. In the follow ng sections of this paper,
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will discuss the major treatnment processes in use for water
and wastewater and their respective abilities to reduce

Vi rus concentrati ons.

2.8. 1 WASTEWATER TREATNMENT

(1) Prinmary Treatnent:

Primary treatnent of wastewater, a process that includes
screening, grit renoval and prinmary sedi nentati on has been
shown to be ineffective in renoving viruses from wast ewat er
with typical virus renoval efficiencies of only 5 to 10%
(Leong, 1983). 1In this process, the renoval of viruses are
| argel y dependant upon the efficient separation of solids as
the viruses will readily adsorb to solids present in the raw
sewage. Wth adequate sedi nentation, virus renoval may be
increased up to 88% (Bitton, 1980).

It should be noted that solids associ ated viruses are

still infectious and that the sludge renoved fromthe

sedi nentaion tanks will contain 10 - 100 tines the virus
concentrati on of the raw sewage. Therefore the ultinate
fate of these viruses will depend upon the nethods used for

sl udge di sposal .

(2) Secondary Treatnent:

The two common fornms of secondary treatment are activated
sludge treatnent and trickling filters. Virus renoval by
trickling filters is generally | ow and i nconsistent. One

study on the RNA phage f2 showed a renoval rate of |ess than
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2 0% by trickling filters and a cunul ative viral reduction of
|l ess than 95% when trickling filters were used with
clarification and chlorination (Bitton, 1980).

Activated sludge treatnent is nore effective at
renoving enteric viruses with renoval efficiencies ranging
fromO0-99% with the nedi an percent renopval being 94% In
this process, virus renoval can be attributed to both
m crobi al nediated inactivation and adsorption. |t has been
suggested that | onger contact tinmes would result in a

greater percentage of inactivation (Leong, 1983).

(3) Tertiary Treatnent:

Tertiary treatnent consists of a series of steps designed
to further reduce pat hogenic m crobes, heavy netals,
nutrients, trace organics, suspended solids and turbidity
fromwastewaters. GCenerally the techniques for advanced
treatnment are identical to those used in water treatnent and
w Il be discussed in greater detail in subsequent sections
of this paper.

To summari ze, coagul ati on-sedi nentation with alumor |ine
and sand filtration can achieve from2 to 4 |log reduction in
virus concentration if they are properly managed. The use
of activated carbon has shown vari abl e renoval rates for
vi ruses dependi ng upon the I ength of tine the carbon has
been in service and the di ssolved organic | oad of the water.
Under optinal operating conditions, this process can renove

an additional 90% of viruses (Leong, 1983).
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(4) Sludge Treatnent:

Due to the adsorption of viruses to sewage solids during
primary and secondary treatnent, the sludges produced by
conventi onal wastewater treatnent contains a very high | evel
of viruses. Typically, sludges are digested and dewat er ed
prior to disposal.

Sl udges are digested to stabilize the organic matter

prior to disposal. Unfortunately, there is very little

informati on on the virus renoval effectiveness of full-scale
digesters. It appears that tenperature and detention tinme
are the nost inportant factors affecting virus renoval. In

lab studies, 5 log reductions in viruses were obtained in 14
days at 32°C, while at 35°C, the same reduction took four
days. However, full scale digesters rarely achi eve the
efficiency of lab scale nodels. |In one study, viruses were
found in 53% of sanpl es of digested sludge (20 days at

35°C). Since nost digesters work by continuous addition and
renoval of sludge, the retention tine is variable and this

i ncreases the chance that the sludge will contain
appreci abl e concentrations of viruses after digestion
(Bitton, 1980).

Bot h raw and di gested sl udges are dewatered before
ultimate di sposal. The dewatering can be acconpli shed by
open-air drying or by several nechanical nethods. O these
met hods, open air drying is the nore effective nethod for

reduci ng virus concentration. The rate of virus
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inactivation in drying beds is directly related to drying
tine and the weat her conditi ons. Il nacti vati on can be as
effective as 2 |l og reduction per week in Texas sunmmer to as
slow as 1 |l og reduction per nonth in Danish winters
(Feachem et. al ., 1983).

The mechani cal net hods of sludge dewatering are very

ineffective at virus inactivation as the viruses are never

exposed to conditions such as heat or dessication necessary

to i nacti vate viruses.

(5) Disinfection:

The di sinfection of secondary and tertiary effluents from
wast ewater plants is a conmpn practice in sone devel oped
countries. The npst widely used disinfectants for this
purpose are free chlorine and combi ned chl ori ne.
Unfortunately, the nost effective viricidal properties of
free chlorine are not utilized because the high nitrogenous
content in the effluent results in its being quickly
converted to conbi ned chlorine, which is a much weaker
viricide. In addition, the viruses may al so be adsorbed to
any solids still present in the effluent, which gives an
added neasure of protection.

It is clear that the effecti veness of the disinfection
process i s dependent upon the quality of the effluent prior
to chlorination. It is possible to produce virus free
effluent in well operated wastewater plants, but

di si nfecti on does not guarantee a virus free effl uent.
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I nvestigators have found fromI O ”-10" enteroviruses/L m
chlorinated effluents fromplants around the country

(Feachemet. al., 1983).

2.8.2 WATER TREATMENT:

The purpose of water treatnent plants is to provide
pot abl e water that is both chem cally and biol ogically safe
for human consunption. The water is subject to a variety of
treatments depending on the source and quality of the raw
water. The treatnents range fromno treatnent or just
chlorination for groundwater sources, to coagul ation
sedi mentation followed by filtration for shall ow wells and
surface water sources. Sone processes include a water
softening step when the source water contains high
concentrations of Ca+ and My+.

For the nost part, virus reduction in water treatnent
processes relies on two functions. The physical renoval of
the viruses by adsorption, coagul ation, precipitation and
filtration and the inactivation of the virus by the addition
of disinfectant or exposure to high pHas in a water
softeni ng pl ant.

Water treatnent by coagul ation/floccul ation foll owed by
sedi nent ati on has been shown to be very effective at
removing viruses. Laboratory bench studies indicate that
there is little difference anong the coagul ants used, wth
medi an virus renoval efficiences of 99.5%for ferric, 98.8%

for lime and 95% for alum The proper design and operation
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of the treatnent facility is necessary to maintain optinum
renoval of viruses (Leong, 1983).

The use of rapid sand filters has a varied
effecti veness in the case of virus reduction. Sand
particles, in and of thensel ves, are poor adsorbants of
viruses. Therefore, the renoval of viruses by sand
filtration alone is | ow and inconsistent (Bitton, 1980).

But, if the water is subject to coagul ation-floccul ation,

allowing the viruses to adsorb unto the floes and the filter

grains, the sand filtration is very effective and can
achi eve virus reductions of greater than 99% Agai n proper

mai nt enance and operation are necessary for effective virus

r educti on.

(1) WATER SOFTENI NG PROCESSES:

Wat er softening by the |inme-soda ash process has been
shown to be very effective in reducing and inactivating
virus concentrations. The virus reduction is achi eved by
t he physical renmoval of the virus as they are adsorbed to
the CaC03 and My(OH)2- In addition, the virus is
i nactivated by the high pH conditions generated by the
process and virus reduction of greater than 99. 9% have been

achi eved (Bitton, 1980).

24


NEATPAGEINFO:id=6DB74FF0-F2FB-4D9C-9EDE-A7A88454F42E


2.9 DI SI NFECTI ON OF WATER BY CHLORI NE

2.9.1 History:

Chlorine is one the nost widely distributed el enents on
t he earth. Due to its extrenely reactive nature, it is not
found in its free state in the environnent, rather it exists
mainly in combination with sodium potassium calcium and
magnesium Chlorine in its elenental state is a corrosive
gas of yell ow green col or (Dychdal a, 1983).

The di sinfectant properties of chlorine were not
recogni zed nor used until the late 1700's. One of the
earl i est known uses of chlorine as a disinfectant was in
1791 when chlorine gas was used as a fum gant in hospitals

(Sykes, 1965). It was not until a hundred years |ater that

the use of chlorine in water treatnent becane commoDn. The
use of chlorine in water treatnment was i ntroduced here in
the US in 1908 and the use increased trenendously over short
period of tine (Dychdala, 1983).

Chlorine is used in water and wastewater treatnent as a
di sinfectant to destroy organisns present in the water that
cause di seases in man. The disinfectant properties of
chlorine result fromits strong oxidizing powers and its
high solubility in water. |In addition, its relatively |ow
cost, ease of application, and the availability of reliable

det ecti on net hods have resulted in its al nbst uni versal use

for potable water disinfection. |In water and wastewater
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treatnment, it is nmost commonly applied as a gas, Cl2(g),

generated fromthe vaporization of |iquid chlorine under
pressure (Snoeyi nk & Jenkins, 1980).

Chlorine gas is soluble in water and hydrolyzes rapidly to

f orm hypochl or ous aci d:

2+ HO=H + HM+d"

At pH val ues and concentrations normally seen in water
and wastewater treatnent, this hydrolysis goes virtually to

conpl eti on

The hypochl orous acid can further disassociate foll ow ng

this reaction to generate hypochlorite ion:

HOO = H'A + OO

At 25°C, this reaction has a pKa of 7.5, therefore at pH
7.5, the concentration of HOCO and OCL~ are equal. At pH

|l evel s below 7.5, HOCO predoni nates and at pH | evel s above

7.5 0Cl~ is the dom nant form

Anot her commobn reaction of chlorine is with organic

ni trogen and ammonia to form chl orani nes and i ncl udes these

foll owi ng stepw se reactions:

HOO + NH3 -> H20 + NH2Cl (Monochl oram ne)
HOO + NH2CI -> H20 + NHCI 2 (Dichl oram ne)
HOC + NHCI2 -> H20 + NCI'3 (Trichl oram ne)
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These reactions are governed primarily by pH and
Chlorine-to-Nitrogen ratios. |In general, as the pH of the
wat er decreases and the C2:Nratio increases, the ammoni a
nmol ecul es becones successively nore chl ori nat ed.

Monochl orani nes are rapidly produced in the pH range pH

7.0-9.0 and nost readily when the A 2:Nis < 5:1 by weight.
Di chl oram nes are produced at |ower pH s and higher O 2:N

rati os than nonochl oram ne, with optimum pH in the range of

pH 4.4-6 and d2:Nratios of 5:1 to 7.6:1 . Trichloramne

formati on occurs only at very low pH, pH < 4.4, or at very
high d2:Nratios, >7.6:1 (Wlfe et. al. , 1984). Therefore
under typical conditions found in water and wast ewater
treatnment facilities, nonochloram ne is the predom nant form

of conbi ned chlorine that i s found.

In recent years, there has been a resurgance of interest
in and the use of chloram nes as an alternative di sinfectant
to free chlorine. This has been brought about by the
di scovery of high levels of trihal onethanes (THM, such as
chloroform in water disinfected by free chlorine.

Chl oram ne di sinfection has the advantage of producing
insignificant quantities of THM s and has been shown to be
nore stable than free chlorine in the distribution system
(Wlfe at. al., 1984; Stachia & Pontius, 1984). However ,
caution nust be excercised in relying solely on chl oram nes
as a disinfectant as they are known to be nuch | ess

effective bactericides and viricides than free chl ori ne.
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2.9.2 I NACTI VATI ON OF VI RUSES:

The di sinfectant properties of chlorine are based upon
its strong oxidizing properties and it inactivates bacteria
by attacking protein conponents of the bacteria and
destroying the enzymati c processes necessary for life. In
viruses, it is believed that the Cl2 attacks either the
protein coat or the nucleic acid conponents of viruses,
renderi ng them non-infectious (Viessman & Hammer, 1985).

There are several environnental factors which have
significant effects upon the disinfectant ability of
chl ori ne. O these, the factor of greatest influence is pH
whi ch has a direct effect upon the speciation of chlorine.
O her factors that are inportant are tenperature,
concentration of chlorine, and concentration of organic
materials in the water.

The reason pH greatly infuences the effectiveness of
chlorine as a disinfectant is because pH deternmnines the
anount of hypochl orous acid and hypochlorite ion in
solution, with hypochl orous acid being a nmuch stronger
di sinfectant than hypochlorite ion. As woul d be expected, an

increase in pH substantially decreases the biocidal activity

of chlorine in H2O. Research has shown that HOC is 80

tines nore effective than 0OCl~ in the inactivation of E.

Coli and about 150 tinmes nore effective for cysts of

Ent anoeba hi stol ytica (Lippy, 1986).
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Engel brecht (1980) showed that the disinfectant
ef fecti veness of the different chlorine species towards
viruses were HOCL > 0OCl~ > Chlorani nes and that sensitivity
of viruses to chlorine changed with the species of chlorine
present.

The concentration of chlorine is inportant only as | ong
as the other factors, such as pH, tenperature and organic
content are held constant. As would be expected, an

increase in concentration wll increase the disinfectant

properti es of chlorine.

The di sinfection with chlorine results froma chemnm cal
reaction of chlorine with the protein conponents of nicro-
organi sns. Therefore, an increase in tenperature, which
woul d i ncrease the rate of reaction will also increase the
rate of inactivation of mnicro-organi sms.

Ni t ogenous materials in the water are inportant because
they can react with the chlorine and consune the avail abl e

chlorine or convert it into | ess effective species such as

chl or am nes.

2. 9.3 DI SI NFECTI ON OF HAV BY CHLORI NE

One of the first studies on the disinfection ability of
chl orine on HAV was conducted in 1945 by Neefe (1945). In
this study, hunman volunteers were given water specinens
containing dilute stool sanples known to contain the agent
of infectious hepatitis and the devel opnent of hepatitis A

by the volunteers was used to determ ne the infectivity of
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the specinmens after chlorine treatnent. Neefe found that

t he specinens treated with sufficient chlorine to provide a
residual of 1 ppmafter 3 0 m nutes of contact tine did not

i nactivate the virus, whereas the contam nated water treated
with sufficient chlorine to provide a residual of 15 ppm
after 3 O minutes did inactivate the virus.

The devel opnment of tissue culture nethods of maintaining
HAV and new techni ques for enunerating the virus has spurred
new i nterest in disinfection experinents with HAV

Peterson et. al. (1983) conducted a study in which
partially purified preparations of HAV fromthe feces of
prodomal chi npanzees were inocul ated intranmuscularly into
adult narnpsets to test for HAV infectivity. The
preparations were treated for various tinme periods with 0.5,
1.0, 1.5, 2.0, and 2.5 ng/1 of free residual chlorine (HOC
at pH 7.0). The results showed sanples treated with 0.5,

1.0 and 1.5 ng/1 free chlorine induced hepatitis in 14% (2
of 14), 8% (1 of 12), and 10% (1 of 10) of nmarnbsets
respectively, and induced seroconversions in 29% 33% and
10% of the aninals, respectively. The preparation treated
with 2.0 and 2.5 ng/1 free chlorine did not induce hepatitis
or seroconversions in any of the animals tested. It was

t herefore concluded that HAV i s sonewhat nore resistant to
free chlorine than ot her enteroviruses.

In contrast, G-abow (1983 and 1984) concluded from a
series of experinents that HAV was very sensitive to

disinfection by free chlorine. 1In 1983, G abow, conpared
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the inactivation of HAV to various indicator organisns in
water by free chlorine. The m xture of organisns were

exposed to total chlorine concentrations of less than 1 ng/l

and cont ai ned vari ous concentrations of free vs. conbined
chlorine. The pH levels tested were 6, 8, 10.

The results show that HAV was nore sensitive to a m xture
of free and conbined chlorine at all pH levels than
Poliovirus 2, and MsS2 coliphage but nore resistant than
Siman Rotavirus SA-11. 1In all cases, extrapolated 4 |og
reducti on of HAV occurred before 6 nminutes of contact tinme.
It is interesting to note that in this study, the results
did not show a great increase in resistance to chlorine as
the pH was increased, for many of the viruses, and it also
showed that the conparative sensitivity of viruses to
chl ori ne changes wi th changi ng pH. - AN

In a second study, G abow (1984) conpared the
i nactivation of HAV and other indicator organisns in
autocl aved biofilter effluent and broth-enriched tap water
by chl oram nes. The experinents were conducted at
approximately pH 8.0 with conbined chlorine at the
concentrations of 11.8 ng/l and 27.0 ng/l for tap water and
biofilter effluent respectively. This study found that
chl or ani nes were nuch weaker disinfectants than free
chlorine and that HAV survived nuch | onger than Poliovirus,
E. coli and SA-11.

The i nconsi stent results between G abow s and Peterson's

work may be the result of the different nethodol ogi es used
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in their disinfection experinment. Peterson' s study used
partially purified HAV preparations with no attenpt to
separate out the aggregated forns fromthe nonodi sperse
virus. In addition, the virus preparati ons were never

titered but were reported only as the nunber of 50% mar noset

i nfectious doses per mM (MDgg/m). Peterson's use of

mar nosets as i ndicators of infection nust al so be

guestioned, as the variable sensitivity anong individual
mar nosets to i nfection, by HAV, is unknown.

Grabow is unclear in his papers as to the extent of virus
purification of his sanples. It appears that no effort was
made to separate the aggregates fromthe nonodi sperse
viruses. In addition, in the free chlorine experinents, the
chl ori ne doses G abow used, contained not only free
chl orine, but significant anounts of nonochl oram ne and
di chl oram ne, with proportions of greater than 50% conbi ned
chlorine in sone cases. Chlorine analysis after 15 m nutes
of contact tinme also revealed that, in alnost all cases,
what ever free chlorine that was initially added was quickly
converted to the conbined fornms, making it uncertain which
formof chlorine was responsible for the inactivation
obser ved.

Because of the limted data on HAV in general and the
conflicting findings of the few studies on HAV disinfection,
no clear picture of the inactivation kinetics of HAV to
di sinfection by free and conbined chl orine has energed. The

purpose of this present study is to eval uate nonodi sperse
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HAV i nactivation by free and conbi ned chl ori ne under

carefull

y controll ed experinental conditions. Recently

proposed drinking water regulations calling for mandatory

disinfection of all nunicipal water supplies has made the

need f or

definitive informati on on HAV di si nfecti on al

nore urgent. This particular study will be part of an

overal |

project to provide this information.

t he
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3. MATERI ALS AND METHODS:

3.1 Purification of Enteric Viruses
3.1.1 Hepatitis A Virus:

The HWM 175 (NIH Prototype) strain of HAV, originally
isolated fromthe feces of an infected human in Australia
(Daenmer et. al. 1981), is cultured and assayed in a
continuous cell line derived fromPrimary African G een
Monkey Kidney cells (BSC-1). The virus is harvested and
passaged every 2-4 weeks in persistently infected BSC- 1
cells grown in 850 cnm® Roller Bottles or 6000 cnf, ten-
tiered cell factories (NUNC). At each harvest, two separate
pools of HAV containing naterials are collected: the cel
cul ture nedium and a crude virus stock contai ni ng
persistently infected cells. The persistently infected
cells are subject to | ow speed centrifugation (3,000 x Q)
and the pellet of infected cells is resuspended in egual
vol unes of Phosphate Buffered Saline (PBS) and chl orof orm
The m xture is honogenized for 1 to 2 m nutes
(Vertis Honogeni zer, Sorvall Inc.) and another | ow speed
centrifugation is done on the sanple to pellet the cel
debris and the chloroformand the resulting PBS supernatant
containing HAV is recovered. The HAV in the cell culture
medium i s concentrated by precipitation with Polyethyl ene

d ycol 6000 and is chloroformextracted. The crude HAV
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stocks fromthe extracted cells and tissue cul ture nedi um
are pooled and ultra-centrifuged at 70,500x g, for 4 hours,
5°C, using a type 35 fixed angle rotor in a Beckman Model
LS-4 O ultracentrifuge to pellet the virus.

In preparation for a CesiumChloride (CsCl) density
gradient, the pellet of HAV is resuspended in 2m of O O M
Phosphat e- Buf fered Chl ori ne Denmand-Free water. To the virus
sanple, 0.47 g/m of CsO is added to give a density of
1.33 g/m, which is then ultracentrifuged at 25,000 RPM
(90,000 X g), 5°C for three days using the SW7.1 sw nging
bucket rotor in the Beckman Mbddel LS-40 ultracentrifuge.

The gradient fractions (0.7 nml each) are collected fromthe

bottom of the tube and assayed by RIFA for infectivity. The
fractions containing the highest titer of HAV are pool ed and
desalted using the Centricon 30 Utrafilter Tubes

(Am con, Inc.).

For rate zonal ultracentrifugation, the desalted
fractions are |layered upon a 10% - 3 0% sucrose gradi ent and
spun at 25,000 RPM (90,000 x g) for 5 hrs and 25 mn. The
gradient is collected fromthe top in 0.7 mM fractions and
the fractions are again assayed for infectivity by R FA
The fractions containing single virions are pool ed and
stored at 4°C until use.

The MDI strain of HAV, originally isolated fromdrinking
wells of a small,rural community in Washi ngton County,

Maryl and during an out break of Hepatitis A,
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(Sobsey et. al.1985) was purified with the same process as

t hat descri bed for HMW 175.

3. 1.2 Coxsacki evirus B5:

Coxsacki evirus B5 (Faul kner Strain) is cultured and
assayed by the plaque technique in the BGWK (African G een-
nonkey Ki dney Derived ) continuous cell line. The CB5 was
initially plaque purified and then inoculated into 690 cnt
Roll er Bottles of BAW cells to prepare a | arge stock of

Vi rus. The Roller Bottles were infected at a | ow

mul tiplicity of infection, approximately 0.1 PFU cell, and
the viruses harvested when 75% - 100% of the cells showed
virus induced cytopathic effects. The stock was then

subj ected to three freeze thaw cycles to |iberate the virus
and to di sperse aggregates. The preparation was then spun
at | ow speed (10,000 x g) for 30 min. to renove cellular
debris. To the resulting supernatant. Sodi um Dodecyl

Sul fate (SDS) was added to nake a 0.1% sol ution and the
solution was then spun at 25,000 RPM (4 hours at 4°C) using
a type 35 Rotor and Beckman LS-40 ultracentrifuge to pellet
the virus.

The pellet was resuspended in 2m of PBS, honobgeni zed
(Vertis Honogenizer, Sorvall Inc.) for 1 mn., and the
preparation was centrifuged at 5,000 RPM 5°C, for 30 mn.
to precipitate and pellet the SDS. As with the HAV, CsC
was added to the preparation and the CBS was concentrated in

a density gradient as described in the previous section.
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The fractions were collected and assayed and the high titer
fractions were pool ed and desalted with Centricon 30
Utrafiltration tubes. Again, as for HAV, the desalted
fractions were |ayered upon a 10 - 3 0% sucrose gradi ent and
ultracentrifuged for 5 hours and 2 5 mn. The gradient
fractions were coll ected and assayed and the fractions

containing single virions were pooled and stored at 4°C

until use.

3.1.3 Bacteriophages:

Bact eri ophages MsS2 ( ATCC 15597-Bl) and 0X174
(ATCC 13706-Bl) are grown and assayed by the top agar pl aque
t echni que (Adans, 1959) in E. coli C3000 (ATCC 15597) and E
coli (ATCC 13706) respectively. A large stock of each
bact eri ophage was col | ected by scraping the top agar off of
pl aque assay pl ates showi ng confluent lysis into snal
vol unes of PBS. Thi s crude stock was chl orof orm extracted
and spun at | ow speed (5,000 x g) for 10 min. to renove cel
debris, chloroformand agar. The resultant supernatant was
then spun at 10,000 x g for 10 mn. to renove additional
cell debris and at 90,000 x g for 4 hours to pellet the
phage. The pellets were resuspended in PBS and subjected to
a CsC density gradient having a density of
1.44 - 1.45 g/m . As before, the fractions were collected
and assayed for peak infectivity and the peak fractions were

desalted with a Centricon 30 ultrafilter. To achi eve a

stock of single virions, the desalted fractions were
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successively filtered through 0.2 and 0.08 um pore size

pol ycarbonate filters (Nucl epore) pretreated with

0.1% Tween 80. The single virion stocks were not prepared
by rate-zonal ultracentrifugation in sucrose gradients
because the bacteriophages |ost their infectivity in sucrose

solutions. The filtered phage stocks were then stored at 4°C

until use.

3.2 Preparation of Chlorine Denand Free Water, d assware

and Reagents

The chlorine demand free water used in these experinents
is prepared fromtw ce deionized, activated carbon-filtered
wat er which is passed through a macroreticul ar scavengi ng
resin bed (Dracor Co.). Studies done in our |ab have shown
that this water is of the sane quality as or better than
wat er prepared by the protocol described in Standard Methods
(A.P.H A, 1985).

Al buffers used in the disinfection experinments were
made up as | OX stocks (O I M Phosphate Buffers) in CDF water
chl orinated by addi ng C orox (Sodium Hypochlorite), then
allowed to sit overnight and dechl ori nated by exposure to
U V. light for at |east twelve hours. The stock buffers
were diluted ten-fold in CDF water to working concentration
of OO Mon the day of the experiment. Al other reagents

used in the experinents were also made up with CDF water.
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The gl assware used in the disinfection experinents was
made CDF by soaking in a strong chlorine solution
(10 - 50 ng/1) for at least 4 hours and then rinsing at
|l east four tinmes with CDF water. The rinsed gl assware was
then wapped in alumnumfoil and baked for at |east two
hours at 2 00°Cto dry the glassware and volatilize any

remai ni ng chlori ne.

3.3 Preparation of Chlorine Solutions

3.3.1 Free Chlori ne:

A wor ki ng stock of approximtely 100 mg/1 Cl 2 was
prepared on the day of the experinents by diluting an
appropri ate anount of household bl each (5.25% Sodi um
Hypochl orite; Clorox) in CDF water. This working stock is
then diluted to the concentration necessary to generate the
standard curve for Cl2 analysis and to give the target

experimental concentration of 0.5 ng/1 C 2.

3. 3.2 Mpnochl or ani ne

A wor ki ng stock of 100 ng/ 1 nonochl oram ne was prepared
by m xing ,on a weight to weight ratio, 4 ng of amonia to 1
nmg of chlorine (as HOC ) as described by Herman and Hof f

(1984). In noles, this gives nearly a 10:1 ratio of NH3 to
a ~.

The stock, made the day of the experinent, was prepared by
adding 0.37 M Clorox to 100 M OOM pH 9.5 CDF buffer and
O 0Slg of NHACI to 100 M, OOM pH 9.5 CDF buffer. These
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two m xtures were conbined slowmy, while being mxed, to

generate a 100 ng/1 working stock of nonochl oram ne.

3.4 Chem cal Analysis;

In all experinments, the concentration of free chlorine and
monochl oram ne was determ ne by the N N, D et hyl - P-
Phenyl enedi am ne (DPD) colorimetric nethod described in
Standard Methods. Before each experimental run, the
spectrophotoneter was calibrated for free chlorine or
monochl oram ne anal ysis by generating a standard curve by
the DPD Ferrous Titrinetric Method. The reliability of the
chem cal analysis for free chlorine was checked before each

experimental run by analysis of chlorine standards prepared

by the U S. EPA.

3.5 Protocol for Disinfection Experinents

For the disinfection experinents, the purified virus
stocks containing single virions of HAV HML75, CBS, Ms2, and
0X17 4 are diluted and pooled in CDF PBS so that the titer of
each virus in the mxture is approximately 1 - 5 x 10"
infectious units/m. A separate stock of HAV MD at the sane

titer is prepared for the HAV strain comparison experinents.

40


NEATPAGEINFO:id=416D1FA7-63EF-47FB-930A-02CA7FF1F979


Prior to the start of each experinent, a stock solution
of O A M phosphate buffer at the appropriate pH is prepared
at the target chlorine concentration of 0.51 ng/l. In each
experinment, three 16nmm di ameter x 150mm | ong gl ass test
tubes are used: a reaction tube containing virus and
di sinfectant in buffer, a virus control tube containing

virus in buffer and a chlorine control tube containing

di si nfectant in buffer.

11. 76m of chlorine in buffer and buffered water are
added to the reaction and virus control tubes, respectively,
and 12ml of chlorine in buffer is added to the chl ori ne
control tube. These tubes are then placed in a circulating
wat er bath set at 5°C for 15 mnutes prior to starting the
experi ment,

At the start of the experiment, 0.24m of the virus
m Xture is added to the virus control and reaction tubes and
each tube is quickly vortexed to mx. Sanples of 0.7m are
taken fromthe reaction tube at 0.33, 1.0, 3.0, 10.0, 30.0,
and 60.0 m nutes and these sanples are i medi ately
neutralized by being added to 0.7m of virus dil uent
(2X Eagle's MEM containing 1% sterile Sodi um Thi osul fat e.
0.7m sanples fromthe virus control tube are wi thdrawn at
tine "0" and at tinme 60 mn. and simlarly added to 0.7m ,
1% sodi um t hi osul f at e. At the end of the experinent, the
remaining virus mxture in the reaction tube and the

chlorine control sanple are anal yzed for the presence of

free and conbi ned chl ori ne.

a1
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To assay for the viruses, the experinental sanples are
diluted five-fold in appropriate virus diluent for HAV, CBS,
and bacteriophages to give an initial ten-fold dilution,
overall, fromthe reaction tube. Subsequent serial ten-fold
dilutions are made and the dilutions are assayed in
triplicate cultures of host cells. The assays were done
usually within a week after the conpletion of the

experiment. The sanples were stored at 4°C until assay.

3.6 Data Analysis

For each experinent, the results were conpiled to

represent the proportion of the initial virus renaining at

each time point and the tinme necessary to achieve a 4 log-j"Q

reducti on was cal culated. The triplicate cell culture
pl ates for each assay were averaged and taken as the
concentration of each virus remaining at the tine point

(N*). The virus concentration in the control tube at time

"0" mn. was taken as Ng. The proportion of the initia

virus remai ning at each tinme point was cal cul ated by
dividing the concentration of virus at each tinme point (N')

by the initial virus concentration (N'). The N‘/Ng val ues

for each virus were averaged for the duplicate (in sone
cases triplicate) experinments at the sane pH and chl ori ne

concentration. These values were then transformed to | og

val ues (log-j*Q N*/N') and then plotted versus tinme for each
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pH condi ti on. From t hese i nactivation curves, the tine
necessary to achieve a two | og-|”Q reduction in original virus
titer (T99% was directly extrapol at ed.

To conpare the inactivation curves of the different
viruses the analysis of covari ance net hodol ogy was used to
fit separate regression lines for each virus at the
different pHs and the tine required to produce a four |og-"Q
reduction (T799.99% in original virus titer was cal cul ated
using this paraneter. On three occasions, "X174 at pH 6.0
and pH 8.0 free chlorine and HAV MO at pH 8.0 Free
chlorine, there were not enough data points to performa
l'inear regression. In these cases, a line was drawn fromthe
origin (0,0) to the first data point and the T99. 99% was
directly extrapolated fromthis l[ine. The T99.99% val ues
are sunmmari zed in Table 2 and these val ues were used as a
measure of the sensitivity of the virus to disinfection by
free chl ori ne and nonochl orami ne. The higher the T99. 99%
value, the nore resistant the virus is to inactivation by
t he di si nfectant.

To conpare the sensitivity of the different viruses at
each pH and di si nfectant concentration and to conpare the
i nactivation rates of each virus anong the pH s and two
types of disinfectants, the slopes and intercepts of the
regression |ines produced by the inactivation data were
conpared to test for statistically significant differences
(p-value < 0.05) between the lines. Table 1 and 2, in

Appendi x Il, gives a summary of the parameters of each

43


NEATPAGEINFO:id=6A0DEF97-048D-4304-9BBC-024999B85B9B


44

regression line used. The steeper the slope of the
regression line, the nore sensitive the virus is to
disinfection by the particular disinfectant at that pH The
results of the statistical tests among the different viruses
at each pH are presented in Table 3 and those tests

comparing different pHs for each virus are presented in

Tabl e 4.
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4. RESULTS

4. 1 OVERVI EW

The results of the disinfection experiments using 0.5
my/ 1 free chlorine and 10 ng/l nonochl oram ne, at 5°C, are
presented in Tables 1 and 2 and Figures 1-8. In Table 1, |
have presented the tinme necessary to achieve two | og
reduction in original virus titer (T99% for all the viruses
at the pHs tested. Table 2, contains the T99.99% val ues,
or the tine necessary to achieve a four |og reduction in
original virus titer. |In Tables 1 and 2, the CT
(concentration X time) values are presented in parentheses
bel ow t he T99% and T99.99% val ues. As the starting
concentrations of free chlorine and nonochl oranm ne were the
sane for all the experinments, the CT values are just
multiples of the T99% and T99. 99% val ues. The trends of
virus inactivation anong the different viruses and anong the
different pHs tested are the sane for two | og reduction and
for four log reduction, therefore I will limt my discussion
only to the four log reduction times. This will avoid
repetition in the discussion section and as the new proposed
EPA drinking water standards are for four |og reduction of

viruses, this is the nore appropriate paraneter to discuss

under these conditions.
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In Appendix I, | have presented the raw data fromthe
experinents. The tables contain the titer of the virus
remai ning at each tine point and in the two virus control
sanples. The titer of the viruses are given as the
cal cul ated Plaque Formng Units (PFU/nm for CBS and the
bact eri ophages and as Radi o- I munof ocus Form ng Units
(RFU)/m for the HAV strains. These titers are the average
of triplicate experinents for the free chlorine studies and
duplicate experinents for the nonochloram ne studies. The
virus titer data was manipulated to give the formlog Nt/No
which is a neasure of the percent of the original virus
concentration remaing at each tine point. |In addition, the
range of starting free chlorine and nmonochl oram ne
concentrations and the range of starting pH s are presented
in these tables.

The inactivation curves for the viruses (figures 1-8)
were then drawn by plotting the log Nt/No versus contact
time and are grouped by pH and disinfectant with separate
graphs show ng the conparison between the two diffrent
strains of HAV. On many of the figures, the final point on
the inactivation curves are marked as "limt of detection”
points and are not true data points. The limt of detection
point is an indication of the sensitivity of the virus assay
based upon the least dilute sanple (102") , the sanple
I nocul um vol ume per dish (0.3 m/dish) and the nunber of
replicate dishes per sanples (3 dishes) and the true data

point is less than this calculated value. Due to the nature
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Of the "limt of detection" points, these val ues were not
used in the statistical analysis of the inactivation curves
described below. The error bars on the inactivation curves
represent the range of 1og Nt/No values for the duplicate or
triplicate experinents carried out at each pHand type of

di si nf ect ant.

4.2 pH 6.0

Figures 1 and 2 show the the response of the viruses
tested to 0.5 ng/1 free chlorine at 5°CpH6.0. Al of the
viruses were inactivated very rapidly under these conditions
with no virus being detected after the three mnute tine
point. The two bacteriophages, 0X174 and M52 were the nost
sensitive to disinfection with T99.99% val ues of 0.5 and 1.2
mnutes respectively. Because the 0X174 bacteriophage was
conpletely inactivated bhefore the 1 mnute tinme point, no
statistical conparison can be made with the 1&X174 data and
t he ot her viruses.

In conparison, the enteric viruses appeared somewhat nore
resistant than the phages with CBS being the nost resistant

a7
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showi ng a T99.99% val ue of 13.18 mnutes. The two strains
of HAV were inactivated nore quickly than CB5 with T99. 99%
values of 6.51 m nutes for HAV HML75 and 2. 08 m nutes for
HAV MDI . Statistical analysis showed no significant

di fference (p=0.07) between the responses of HAV HML75 and

HAV MDD .

4.3 pH 8.0

Figures 3 and 4 show the response of the viruses tested
to 0.5 ng/1 free chlorine at 5°C pH 8.0. Al of the virus
types, except for CB5, were again inactivated relatively
qui ckly with Bacteriophage 0X 174 and HAV MDJ being the nost
sensitive to disinfection with T99.99% val ues of 0.77
mnutes and 0. 68 m nutes respectively. These viruses were
followed in sensitivity by HAV HM 175 (T99. 99% 5. 56
m nutes) and M52 (T99.99% 16.66m nutes). As was the case
at pH 6.0, the enteric virus CB5 was the nost resistant to
disinfection by free chlorine with a T99.99% val ue of 57.50
m nutes and was significantly nore resitant than HAV HVL75
(p=0.03) and bacteriophage M52 (p<0.01). The inactivation
of 0X174 and HAV MDI occurred so rapidly that there was not

sufficient data points to performany statistical analysis.
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Fig. 3. INACTIVATION OF HAV HML7S, CBS, M52. AND OX174 BY 0.5 my/| FREE
CHLORINE. pH 8.0. AND 5 C
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Fig. 4: | NACTI VATION OF HAV HML75 AND HAV MO BY 0.5 ng/| FREE
CHLORINE. pH 8.0. AND 5 C.
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4.4 pH 10.0
Figures 5 and 6 show the response of the viruses tested
to 0.5 ng/1 free chlorine at 5°C, pH 10.0. Al of the
viruses were nore resistant to disinfection at this pH than
at pH 6.0 or pH 8. 0. At this pH, the HAV strain MO and the
bact eri ophage M52 were the npbst sensitive viruses to
di sinfection, show ng very simlar inactivation rates
(p=0.18) and T99. 99% val ues The cal cul ated T99. 99% val ues
were 22.33 mnutes for HAV MO and 26. 54 m nutes for
Bact eri ophage M52. HAV strain HML75 was the next npst
sensitive virus (T99.99%49.56 m nutes) foll owed by
bact eri ophage 0X174 (T99.99%118.1Bm nutes). Again the
enteric virus CB5 was the nobst resistant virus type, show ng
less than 1 1 og reduction after 60 nminutes of contact tine
with free chlorine (T99.99%825 m nutes). A conparison of
the inactivation rates of the two strains of HAV showed t hat
there was a significant difference (p=<0.01) between the
two. The two bacteri ophages al so showed a significant
difference (p<0.01) betwwen their response to disinfection

by free chlorine at pH 10.0.
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Fig. 5@ INACTIVATION OF HAV HML75. CBS. M52. AND OXt74 BY 0.5 ng/|l FREE
CHLORINE. pH 10.0, AND 5 C
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Fig. 6: INACTIVATION OF HAV HML75 AND HAV MD1  BY 0.5 ng/| FREE
CHLORINE, pH 10.0. AND 5 C
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3 . 5 Monochloramne pH 8.0

The response of the viruses to 10 ng/1 nonochl oran ne at
5°C, pH 8.0 are presented in Figures 7 and 8. In general the
viruses were very resistant to inactivation by 10 ng/1
monochl oram ne, pH 8.0, and with the exception of
Bact eri ophage /3X174, were detected in the reaction tubes
after 60 m nutes of contact tine. In contrast to the free
chl ori ne experinents, CB5 was the npbst sensitive to
i nactivation of the enteric viruses, with a T99.99 val ue of
104 m nutes, followed by HAV HML75 (T99.99%117 m nutes) and
HAV MDI (T99.99%262. 64 ninutes). The bacteri ophage M52 was
the npst resistant to inactivation by nonochl oram ne
(T99. 99%420 m nutes) showing less than 1 | og reduction
after 60 m nutes of contact tinme while bacteri ophage 0X174
was the nbost sensitive of the viruses tested (T99. 99%31. 39
m nutes). The inactivation rates of the two HAV strains
were found to be simlar (p=0.11) while those of the

Bact eri ophages were significantly different (p<O0.01).
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Fig. 7: INACTI VATION OF HAV HML7S, CBS. M52, AND 0X174 BY 10 ng/l|
MONOCHLORAM NE, pH 8.0, AND S C.
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TABLE 1

| NACTI VATI ON OF HAV_ HML75, HAV MDI, COXSACKI E B5, M52, AND

15X174 BY 0.5 my/ 1 FREE CHLORINE AT pH 6.0, 8.0, 10.0 and 5 C
AND BY 10 ng/1 MONOCHLORAM NE AT pH 8.0 and 5 C I N BUFFERED,
DEMAND FREE WATER. NUMBERS | N PARENTHESI S | NDI CATE CT VALUES.

pH M NUTES FOR 99% | NACTI VATI ON
HAV

HAV
HML75 VDI CB5 pf X174 M52
6.0 3. 59 1.16 6. 15 0. 36 0.51
(1.79) (0.58) (3.07) (0. 18) (0. 25)
FREE
CHL ORI NE 8.0 2. 13 0. 52 19. 04 0. 42 7. 55
(1. 06) (0. 26) (9.52) (0. 21) (3.77)
10. 0 24. 58 12. 08 >>60 47. 08 13. 75
(12.29)  (6.04) (23.54)  (6.87)
MONO-
CHL ORAM NE 8.0 59. 17 >60 53. 33 3. 33 >>60

(29. 58) (26.66) (1.66)
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TABLE 2

| NACTI VATI ON OF HAV HML75, HAV M COXSACKI E B5, M2,
| Zf X174 BY 0.5 ng/ 1 FREE CHLORINE AT pH 6.0, 8.0, 10.0 and 5 C

AND BY 10 ng/1 MONOCHLORAM NE AT pH 8 0 and 5 CIN BUFFERED,
DEMAND FREE WATER. NUMBERS | N PARENTHESI S | NDI CATE THE CT

VAL UES.

pH M NUTES FOR 99. 99% | NACTI VATI ON

HAV
HI\/I].75 YD) CB5 0X174 VS2
6.0 6. 50 2. 08 13. 20 0. 50 1. 20
(3. 25) (1.04) (6. 60) (0. 25) (0. 60)
FREE
CHL ORI NE 8.0 5. 56 0. 68 52. 50 0.77 16. 66
(2.78) (0. 34) (26.25)  (0.38) (8.33)
10. 0 49. 56 22. 33 825. 60 111. 28 26. 54
(24.78) (11.16) (412.80) (55.64) (13.27)
MONO-
CHL ORAM NE 8.0 117. 16 262. 64 104. 15 31. 39 419. 89

(58.58) (131.32) (52.07) (15.69) (209.94)
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TABLE 3

COVMPARI SON OF THE | NACTI VATI ON RATES AMONG THE DI FFERENT
VI RUS TYPES AT EACH pH.

DI st NFecTANT " i | TEST p- VAL UE
FREE 6.0 HAVY HML7 5 vs. HAV M 0. 07 *
CHL ORI NE 6.0 HAV HML7 5 vs. CB5 0. 22 *
0.5 ng/1 6.0 HAV MO vs. CB5 0. 03
6.0 HAV HML75 vs. MS2 <0. 01
6.0 HAV MDI vs. Ms2 0.12 *
6.0 CBS vs. Ms2 <0. 01
FREE 8.0 HAV HML7 5 vs. CB5 .03
CHL ORI NE 8.0 HAV HML7 5 vs. MS2 .08 *
0.5 ng/1 8.0 CB5 vs. Ms2 <0. 01
FREE 10.0 HAV HML7 5 vs. HAV M <.01
CHL ORI NE 10. 0 HAVY HML7 5 vs. CB5 <. 01
0.5 rrg/ 1 10. 0 HAV MDI vs. CB5 <. 01
10.0 HAVY HML7 5 vs. M2 <. 01
10. 0 HAV MDI vs. MS2 .18 *
10. 0 HAV HML7 5 vs. 0X174 <.01
10. 0 HAV MDD vs. 0X174 <. 01
10. 0 CB5 vs. Ms2 <. 01
10. 0 CB5 vs. 0X174 <.01
10.0 M52 vs. 0X174 <.01
MONO- 8.0 HAV HML75 vs. HAV M .11 *
CHL ORAM NE 8.0 HAV HML75 vs. CBS .47 *
10 ny/ 1 8.0 HAV MDI vs. CBS .02
8.0 HAV HML7S vs. MsS2 . Os *
8.0 HAV MDI vs. Ms2 . 67 *
8.0 HAV HML7S vs. 0X174 <.01
8.0 HAV MDI vs. 0X174 <.01
8.0 CBS vs. Ms2 .01
8.0 CBS vs. 0X174 .01
8.0 M52 vs. 0X174 <. 01
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TABLE 4
COMPARI SON OF THE | NACTI VATI ON RATES BETWEEN THE
pH s AND CHLORI NE SPECI ES FOR EACH VI RUS TYPE.

VI RUS TEST p- VALUE
HAV HML75 pH 6.0 vs. pH 8.0 .74
HAV HML75 pH 6.0 vs. pH 10.0 <.01
HAV HML7 5 pH 8.0 vs. pH 10.0 <.01
HAV HML7 5 pH 6.0 vs. pH 8.0 NH2C1 .04
HAV HML7 5 pH 8.0 vs. pH 8.0 NH2C1 .02
HAV HML7 5 pH 10.0 vs. pH 8.0 NH2C1 <. 01
HAV MDI pH 6.0 vs. pH 10.0 <.01
HAV MDI pH 6.0 vs. pH 8.0 NH2C1 <.01
HAV MDI pH 10.0 vs . pH 8.0 NH2C1 <01
CB5 pH 6.0 vs. pH 8.0 <. 01
CBS pH 6.0 vs. pH 10.0 <. 01
CB5 pH 8.0 vs. pH 10. 0 <. 01
CB5 pH 6.0 vs. pH 8.0 NH2C1 <.01
CB5 pH 8.0 vs. pH 8.0 NH2C1 . 05
CBS pH 10.0 vs . pH 8.0 NH2C1 < 01
M52 pH 6.0 vs. pH 8.0 <.01
M52 pH 6.0 vs. pH 10. 0 <.01
M52 pH 8.0 vs. pH 10. 0 . 07
M52 pH 6.0 vs. pH 8.0 NH2C1 <.01
M52 pH 8.0 vs. pH 8.0 NH2C1 <. 01
M52 pH 10.0 vs, pH 8.0 NH2C1L < 01

AX174 pH 10.0 vs . pH 8.0 NH2C1 - 15
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TABLE

2

PARAMETERS OF THE LI NEAR REGRESSI ON LI NES USED TO
CALCULATE THE T99. 99% VALUES.

pH

10.
10.
10.
10.
10.

©0000

®o oo

©ooo o
OO0 o0o0Oo

Oo00o0O©0 oo0oo0ooo

Oo0oo0o0oo

VI RUS
TYPE

HAV HML7 5
HAV MDI
CB5
M52
0X174

HAV HML75
HAV NMDI
CBS
M2
oX174

HAV HML75
HAV MDD
CcBSs
MS 2
0X174

HAV HML75
HAV MDI
CBS
MS 2
oX174

SLOPE

-0.

-1.

- 0.

- 3.

-7.

-0.
-0.
-O

- 0.

- 0.

622
772
317
059
939

. 719
. 7S6
. 080
. 222
. 182

082
177

147
036

. 032
- 0.
- 0.
. 009
- 0.

014
040

094

. 046
. 311

. 184
. 317
. 000

. 000
. 061
. 200
. 301
. 000

. 064
. 048
. 128
. 099
. 006

. 251
. 323
. 166
. 221
. 049

TO99. 99%

49.
22.
825.
26.
111.

117.
262.
104.
419.

31.

. 50
. 08

. 20
. 50

. 56
. 68
52.
16.
.77

50
66

56
33
60
54
28

16

64
15
89
39


NEATPAGEINFO:id=CBEBB1EE-A348-4B71-8F7E-FAC15A8EAA7D


63

5. DI sCuUssI ON

5.1 EFFECT OF pH;

Previ ous studies investigating the response of HAV to
di sinfection by chlorine have produced inconsistent results.
However, these studies used different virus purification
met hods and di fferent proportions of free and conbi ned
chlorine. 1In this present series of experinents, the
i nactivation kinetics of HAV were studi ed under carefully
controlled conditions in the |aboratory with purified
monodi sperse virus stocks. The results indicate that the
pH, the virus type, and the formof chlorine used as a
di sinfectant are inportant variables affecting the
i nactivation kinetics of the viruses tested.

At pHs 6.0 and 8.0, HAV strains HML75 and MD were found
to be very sensitive to inactivation by free chlorine.
These results are in agreenent with those of G abow (1983).
The i nactivation rates between the two strains of HAV were
found not to be statistically different at pH 6.0 (p=0.07)
and, though no statistical conparison could be made at pH
8.0, the T99.99% val ues were relatively sinilar
(5.56 minutes for HML75 and 0.68 mnutes for MD). The
strain conparison for HAV were conducted to determ ne

whet her the established lab strain of HAV (HML75) woul d
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react simlarly to disinfection as a strain of HAV that has

not been passaged in the lab for as long of a period of tine
and therefore woul d be expected to show nore characteristics
of the wild type virus. A previous study had reported

(Paynent et. al., 1985) that sone strains of virus isolated

from environnental sources were nobre resistant to chl ori ne
di sinfection than | aboratory strains.

The results indicate that nonodi sperse HAV HML75 and MDI
woul d show 4 | og inactivation under typical environnental
condi ti ons when exposed to a conventional chlorine
di sinfection reginen of 0.5 - 1.0 ng/1l residual after 30
m nutes contact tine.

At pH 10.0, both strains of HAV were significantly nore
resistant to disinfection by free chlorine than at pHs 6.0
and 8.0 (p < 0.01). In contrast to pH s 6.0 and 8.0, the

inactivation rates of the two strai ns of HAV were

significantly different (p < 0.01) with T99. 99% of
49. 56 m nutes for HML75 and 27.33 minutes for MDD . These
results are sonmewhat puzzling as previous studi es have shown
that the relative resistance to chlorine disinfection anpng
different types of viruses will change with pH (Engel brecht,
1980; Grabow, 1983 and 1984), but to ny know edge, this
phenonenon has never been denpnstrated to occur w thin
strains of the sane virus type.

As nmenti oned above, the HAV inactivation rates for pH 10.0
were significantly I ower than at pH 6.0 and 8.0, which is

consistent with the observati on that hypochl orous acid
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(HOC) is a nmuch better viricide than hypochlorite ion
(0C1~) (Grabow, 1983; Engel brecht, 1980; Berman & Hoff,
1984; Har ekeh, 1984). It is interesting to note that both
strai ns of HAV showed sinilar T99.99% val ues for pH 6.0 and
for pH 8.0 (Table 1), with HML75 showi ng statistically
simlar inactivation rates (p==0.74) between pH 6.0 and

pH 8. 0. It would be expected that, because there is a

hi gher proportion of hypochlorous acid at pH 6.0 than at

pH 8.0, the inactivation rate would be greater at pH 6.0.
Two possi bl e theories have been proposed to explain this
phenomenon. The first is that the HAV viruses are
aggregating at the nore acid pH, and that this process is
gi ving a neasure of protection agai nst disinfection. FI oyd
and Sharp (1977) and Jenson et. al. (198 0) have denonstrated
t hat Pol i ovirus, Echovirus, Reovirus and Coxsacki evirus B3
wi Il aggregate at pH s 6.0 and bel ow.

It is also possible that the HAV viruses are undergoi ng
confornmati onal changes which can result in substanti al
changes in resistance of viruses to disinfection by
chlorine. Young and Sharp (1985) observed that Echovirus
distributed into two pH dependent and interconvertible
isolelectric forms with differing inactivation rates and
that these forns caused aberrant i nactivation kinetics in
nmonodi sperse virus disinfection experinments with chlorine.
At the present tine, it is not known whet her this phenonenon
occurs with HAV. Cearly, this is an area which warrents

furt her research.
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The state of aggregation of the viruses can be neasured
by established el ectron nicroscopy techni ques and the
conformati onal changes may be studied using isolelectric
f ocusi ng techni ques.

The T99-99% val ues presented in Table 2, and the
statistical analysis summaries in Table 3 and 4 suggest that
the two bacteri ophages and both strains of HAV have sinil ar
inactivation kinetics to chlorine disinfection at pH 6.0 and
pH 8.0 and that M52 shows sinilar response rates with HAV at
pH 10.0. At pH 6.0, the response of the bacteriophage M52
was simlar to the response of HAV MO (p=0.12) but
different from HAV HVL75 (p<0.01) with T99.99% val ues of
1.20 mnutes for M52, 6.50 mnutes for HAV HML75 and
2.08 mnutes for HAV M. Bact eri ophage 0X174 showed a
cal cul ated T99. 99% of 0.50 m nut es. At pH 8.0, the

i nacti vation rates for M52 and HAV HML75 were siml ar

(p=0.08) with T99.99% val ues of 16.06 m nutes for MsS2 and

5.56 m nutes for HAV HML75. The T99. 99% val ues bet ween HAV

MDI (0.68 mnutes) and 0X174 (0.74 mnutes) were al so very
cl ose.

However at pH 10.0, 0X174 becanme nuch nore resistant
(T99.99%11. 28 m nutes) than either strain of HAV
(T99. 99%49. 56 m nutes for HML75, T99.99%22.32 MD) and the
inactivation rates were significantly different fromthose
of either strain of HAV (p=0.01). In contrast, Ms2
(T99. 99%26. 54 m nutes) showed simlar inactivation rates

with HAV MDI (p=0.18) but not with HAV HML75 (p<O.01).
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These findi ngs suggest that both of these bacteriophages
have potential for nodeling the behavior of HAV to
di sinfection by free chlorine, under pH s nornally

encountered in the environment, but that at high pH M2 is

a better nodel than the nore resistant 0X174.

The T99.99% val ues reported here are in partial agreenent
with those presented by G abow (1983). G abow reported that
M52 exposed to between 0.89 and 0.64 ng/1l of total initial
concentration of chlorine at 25°C showed T99. 99% val ues of
6.2 mnutes for both pH 6.0 and pH 8.0 and 3.1 m nutes for
pH 10.0. The T99.99% val ue at pH 10.0, reported by G abow,
was the nost different fromthat reported here and may be
due to the different buffer used (0.05 M Borate buffer vs.
O. O M Phosphate buffer) in his study and the different
tenperature used in the reaction tubes.

At all of the pH s tested for free chlorine, the enteric
virus CB5 was the nost resistant to inactivation, show ng
significantly different inactivation rates (p-values from
0.03 to <0.01) fromthe other viruses, with the exception of
HVL75 at pH 6.0 (p=0.72). The resistance of CB5 to
i nactivation by free chlorine has been wi dely reported
(Engel brecht 1980, Jensen and Sharp 1980, Paynent and
Trudell 1985, Grabow 1983) and the T99. 99% val ues found here
are in partial agreenment with those of Engel brecht, who
reported T99% (2 | og reduction tine) of 3.4 mnutes at pH
6.0, 4.5 mnutes at pH 7.8 and 66.0 m nutes at pH 10.0, 0.05
ng/1 free chlorine, 5°C
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The two strains of HAV were very resistant to
i nactivati on by nonochl orani ne showi ng T99. 99% val ues of
117.16 m nutes for HML75 and 262 minutes for MO . Analysis
of the inactivation rates revealed that the two were
statistically simlar (p=0.11).

The bacteri ophage M52 was the npbst resistant of the
viruses tested (T99.99%419. 89 ninutes) and the inactivation
rate were simlar to HAV HML75 (p=0.05) and HAV M
(p=0.67), again showing its potential as a nodel for HAV
disinfection. |In contrast, the Bacteriophage "X174 was the
nost sensitive virus to disinfection by nonochl oram ne
(T99.99%31.39 ninutes) and its inactivation rate was
significantly different (p<0.01) than either strain of HAV.

CBS was shown to be nore sensitive than either HAV HML75
or MDI (T99.99%104.15 mnutes). This is a very interesting
observation, especially if we are considering the
spont aneous aggregation of CBS to be responsible for its
resistance to free chlorine. The nonochl oram ne experinents
were conducted at pH 8.0, a pH at which CBS is known to
aggregate. However, the CBS does not appear to be
significantly nore resistant than the other viruses, as was
the case in the free chlorine experinents. Again, further
research i s necessary to deternm ne the exact cause for CBS

resi stance to inactivation by free chlorine.
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The results of the nmonochl orani ne experi ments show t hat
at pH 8.0, 10 ng/l nonochl oram ne woul d not achieve a 4 | og
reduction in any of the viruses tested and that caution
shoul d be excersized before setting up a water treatnent
reginmen relying solely on disinfection by nonochl oram ne.

As these experinents were conducted to establish "best
case" baseline data on the disinfection of the nonodi sperse
preparations of the viruses in clean water, there is a clear
need for further research in this area. Simlar experinents
wi Il soon be conducted in our |ab using cell associated

aggregates of the different viruses types as well as

experinments with waters of varying quality. |In addition, an
attenpt will be made to conduct these experinents using
wi | d-type HAV. These later experinments will be able to

provi de a better understandi ng of how changes in water
qual ity and virus aggregation wll affect the kinetics and

extent of virus inactivation by free chlorine and

nonochl or am ne.
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CONCL USsI ONS

1. HAV HML75 is sensitive to disinfection by 0.5 ng/1 free
chlorine, 5°C, at pH 6.0 and pH 8.0 . However, at pH 10.0,

HAV HML75 is very resistant to inactivation.

2. HAV HML75 is very resistant to inactivation by 10 ng/1

nmonochl oram ne, 5°C, pH 8.0 and nonochl oram ne is a weaker

viricide than free chl ori ne.

3. The bacteri ophages, M52 and 0X174, showed sinilar

i nactivation kinetics with HAV to disinfection by free
chlorine at pH 6.0 and pH 8.0. At pH 10.0, 0X174 was nore
resi stant than HAV while M52, again, showed inactivation
rates simlar to HAV. CBS was consistently nore resistant

than HAV to disinfection by free chlorine at all pH ranges

t est ed.

4. The inactivation rate of M52 by 10 ng/1 nonochl oram ne

was conparable to that of HAV, while /X174 was significantly

nore sensitive. The i nactivati on rates of CBS and HAV were

simlar for disinfection by nonochl orani ne.
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5. There were no significant differences anong the two

strains of HAV to disinfection by 0.5 ng/l

free chlorine at

pH 6.0 and ph 8.0 and 10 ng/|l nonochl orani ne, pH 8.0.

However, HAV HML7 5 was nore resistant than HAV MO to

i nactivation by free chlorine at pH 10.0.
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TEST CONDI Tl ONS:

SAMPLE  PFU bl
20 sec. 7.331t04
1 Bin. 8. 00E+04
3 Bin. 9. 83B+03
;10 Bin. 1. 67E+01
. 30 Bin.
: 60 Bin.
VC 0 6. 67E+04
VC 60 7.17Bt 04
TEST CONDI Tl ONS:

SAMPLE PPU bl
: 20 sec. 6. 67B+02
1 Bin. 3.33B+01
: 3 Bin.
. 10 Bin.
30 Bin.
60 Bin.
VC 0 2. 55B+05
VC 60 2. 05B+05
TEST CONDI TI ONS:

SAVPLE PPU bl
: 20 sec. 1. 21B+02
1 Bin. 2.20B+01
. 3 Bin. |.10B+01
: 10 Bin.
: 30 Bin.
: 60 Bin.
VC 0 3. 74B+03
VC 60 8. 47E+03

pH: 6.0
TEMPERATURE: 5 C

CL2 CONC: 0.5 Bg/1

VIRUS : CBS
PFU/ bl PFU bl
1. 47E+05 2. 49Ef 04
1. 08B+05 1. 95B+04
1.53B+04 2. 09B+03
1.67B+01 I.10E+01
9. 00E+04 1. 828t 04
8. 17E+04 1. 94E+04
pH: 6.0

TEHPERATUEB: 5 C
CL2 CONC: 0.5 By/1

VIRUS @ HS2
PFU/ bl PFU bl
I, 93B+03 8. 03E+03
| Q0B+02 .1 CE+01
3.33B+01
6. 00B+04 6. 05E+05
5. 43B+04 5. 83E+05
pH: 6.0

TEMPERATURE: 5 C

CL2 CONC: 0.5 Bg/1
VIRUS : HAV HD

PFU Bl PFU al

1.65B+02  3.19B+02
7.70B+01 3.308+01
|1 0E+01 |1 OE+01
3.14B+03  6.82E+03
2.97B+03  8.58E+03

Nt/ Ho

|. 1 CE+00
1. 20E+0D
1.47B-01
2.50E-04
O. 00B+00
O. 00B+00

Nt/ No

2.62B-03
1. 31B- 04
O. 00B+00
O. 00B+00
0. 00B+00
O. 00B+00

Nt/ No

3. 24E-fi2
5. 88E-03
2. 94E-03
O. O0E+00
O. OOE+00
O. 00B+00

Ht / No

1. 63B+00
1. 20E+00
1. 70E-01
1. 86E- 04
0. 00B+00
O. OCE+00

Nt/ No

3.22E-02
1.67B-03
5. 55E- 04
0. 00B+00
0. 00B+00
O OCE+00

Nt/ No

5. 25B- 02
2.45B-02
3.508-03
0. 00B+00
O. 00B+00
O. OCE+00

Nt/ No

1. 37B+00
1. 07B+00
1.15B-01
6. 04B- 04
0. 00B+00
O. OCE+00

Ht / No

1. 33E-02
1. 82B- 05
O. 00B+00
O. OCE+00
0. 00B+00
O. 00B+00

Nt/ No

4. 68E- 02
4. 84E- 03
1. 61E- 03
0. 00B+00
O. 00B+00
O. 00B+00

AVG
Nt/ No

1. 37Et @0
1. 16B+00
1.448-01
3.47B-04
O. OCE+00
0. 00B+00

AVG
Nt/ No

1. 60B- 02
6. 05E- 04
5. 55B- 04
O OCE+00
O. OOE+00
O. OCE+00

AVG
Nt/ No

4.39B-02
1. 17E- 02
2. 69E-03
O. 00B+00
O OCE+CD
O. OCE+00

AVG
Log Nt/No :

0.14 :
0.08 :
-0.84
-3.46 .

Log Nt/ No :

-1.80 :
-3.22 .
-3.26 :

Log Mt/No :

-1.36 :
-1.93:
-2.57
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TEST CONDITIONS: pH @ 6.0
TEMPERATURE: 5 C

CL2 CONC: 0.5 Bg/1
VIRUS : BAV HWL75

SAWMPLE PFU/ bl PFU/ bl PFU/ bl
: 20 sec. 8. nE+04 3. 33B+04 9. 13E+04
1 Bin. 4. 50E+04 i . 7T0E+04 6. 16Et 04
© 3 Bin. 6. 00B+02 5. 00Et 02 3. 63E"03
: 10 Bin. 1. 67E+01 1. 67E+01 [.10B+01
; 30 Bin.
© 60 Bin.
VC 0 1. 30B+05 6. 50E+04 1. 25B+05
VC 60 1. 83B+05 9. 00E+04 1. 52B+05

TEST CONDITIONS: pH : 6.0
TBHPESATUEB; 5 C
CL2 CONC: 0.5 Bg/1

VIRUS : 0X174
SAMVPLE PFU/ bl PFU/ bl PFU/ b1
. 20 sec. 3. 33E+01 3.33B+01 |.10B+01
1 Bin. |.10B+01
© 3 Bin.
. 10 Bin.
. 30 Bin.
: 60 Bin.
VC 0 1. 08E+05 5. 50B+03 1. 39B+04
VC 60 9. 30E+04 9. 17E+03 1. 33B+04

Ht / No

6. 28E- 01
3. 46E- 01
4.62B-03
1.28B-04
O O0E+00
0 OCENCO

Nt/ No

3. 08E-04
O. QOE+00
O 00B+00
0. O0Bf OO
0. 00B+00
O. 00B+00

Nt/ No

5.12B-01
2.62B-01
7.69E-03
2.57E-04
O 00B+00
O. OCE+00

Nt/ No

6. 05B- 03
0. 00B+00
0. 00B+00
O OCEt OO
O 00B+00
O 0B+Q0

STARTING CL2 CONCENTRATI ON RANGE -- 0.489 - 0.519 By/|

ENDI NG C12 CONCENTRATI ON RANGE =0. 185-0. 321 ag/|

pH RANGE : 5.87 - 6.10

Nt/ 80

7.30E-01
4. 93E-01
2.90B-02
8. 80E- 05
0. 00B+00
0. 0B 0O

Nt/ No

7.91B- 04
7.91E-04
O 00B+00
O 00B+00
O OCE+00
O OCE+00

AVG
Nt/ No

6. 24E- 01
3.67E-01
1. 38E- 02
1.58B-04
O OCE+00
0. 00B+00

AVG
Nt/ No

2.38E-03
7.91B-04
O O0E+00
0. 00B+00
O OCE+00
O 00B+00

AVG
Log Nt/No :

-0.21:
-0.44 .
-1.86 :
-3.80 :

AVG
Log Nt/ No :

-2.62
-3.10 :
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TEST CODDI TIOHS: pH : 8.0
TBMPESATURB: 5 C

CL2 CONC: 0.5 Bg/1
VIRUS : HAV HML75

SAMPLE PFU al PFU bl PFU/ »1
: 20 sec. 5. 75Em 9. 67E+03 | . 0OB+05
: 1 Bin. 6. 00B+03 3. 83E+03 9. 35Bt 04
: 3 nin. 1. 67E+01 1. 67E+01 |.108+0
: 10 Bin.
: 30 Bin.
. 60 Bin.
VC 0 1. 65B+05 1. 67E+04 3. 51E+05
VC 60 |.10B+01 2. T8E+05

TEST CONDI TIONS: pB : 8.0
TEMPERATURE: 5 C
CL2 COHC: 0.1 j«/l

VIRUS : 0X174
SAMPLE PFU bl PFU/ b1 PFU bl
1 20 sec. 2. 13E+03 3. 33B+01 3. 85E+02
1 Bin. 3.33B+01 |. 1 OE+01
;3 ain.
: 10 Bin.
: 30 Bin.
. 60 Bin.
VC 0 1. 08B+05 1. 16E+04 1.07B+04
VC 60 | . A B+05 1. 28E+04 4. 13B+03

Nt/ No

3.48E- 01
3.64B-02
|.dB-04
O 00B+00
O 00B+00
O OCE+00

Ht / Ho

1. 97E- 02
3.08B- 04
O 00B+00
0. 00B+00
O OCE+00
O 00B+00

Nt/ Ho

5.79B- 01
2.29B-01
| . 00B-03
O OCE+00
O 00B+00
O OCE+00

H / Ho

2.87B-03
O OCE+Q0
0. 00B+00
O OCE+Q0
O OCE+00
O 00B+Q0

STARTING C12 CONCEHTRATI CH RAHGE =0.494-0.511 Bg/1

BHDI HG C12 COHCBHTRATI CH RAHGB = 0.230-0. 358 Bg/1

pH RANGE : 7.90 - 8.12

H / Ho

2. 85E-01
2. 66E-01
3.13B- 05
O. OCE+00
0. 00B+00
0. 00B+00

Nt/ Ho

3. 60E- 02
1. 03B- 03
O 0Bt 0O
O 00B+Q0
0. 00B+00
O OCE+00

AVG
Ht / So

4.04B-01
1.77B-01
3. 78E- 04
O 00Bt 0O
O. 00B+00
O OCEl O

AVG
H / Ho

1. 95B- 02
6. 68E- 04
O. 00B+00
O 00B+00
O OCE+CO
O. 00B+00

AVG
Log H/Ho

-0.39
-0.75
-3.42

AVG
Log Nt/Ho

-1.71
-3.18
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TEST CONDI TI ONS; pH = 8.0
TEMPERATURE: 5 C

CL2 CONC: 0.5 Bg/1

VIRUS : CB5
AVG AVG
SAMVPLE PFU al PFU/ BI PPU bl St/ No Nt/ Ho Nt/ Mo H / Ho Log St/No :
20 sec. 2.13E+05  1.78E+05  5.06E+04  2.03B+00  1.65E+00  2.28Ef00  1.99E+00 0.30 :
1 Bin. 1. 77Et05 1.53E+05 2. 59E+04 1. 69B+00 1. 42E+00 1.17Bf 00 1.42E+00 0.15 :
3 Bin. 1. 65B+05 1. 05Et 05 1. 42B+04 1.57Bt00  9.72E-01  6.40B-01 1. 06Bt 00 0.03 :
10 Bin. 6.50E+04  2.20E+03  1.43E+03  6.19E-01  2.04B-02  6.44E-02  2.35E-01 -0.63 :
30 Bin. 1. 67E+01 1. 67E+01 |.10B+01 1.59B-04  1.55E-04  4.95B.04  2.708-04 -3.57 :
60 Bin. 0 0CE"00  0.00B+00 0. 00B+00 O CCOE+00
VC 0 1. 05E+05 1.08E+05 2. 22Et04
\VC 60 1.03E+05 6. 50E+04 1. 89Et 04
TEST CONDITIONS:  pH : 8.0
TEMPERATURE: 5 C
CL2 CONG.: 0.5 ag/l
VIRUS : M52
AVG
SAVPLE PPQ al PFU al PFU al Nt/ No Ht / No Nt/ Ho Nt/ Ho Log H/Ho :
20 sec. 1. 40E+05 1.87Et04  3.41E+03  4.91E-01  2.52B-01  2.16B-01  3.20E-01 -0.50 :
1Bin. 9.67E+04  1.87B+04  1.57E+03  3.39B-01  2.52E-01  9.94B-02  2.30E-01 -0.64 :
3 Bin 3.70E+04  8.00Et03  2.75Et02  1.30E-01 1. 08E- 01 1.74E-02  8.508-02 -1.07 :
10 Bin. 1.40B+03  3.33Et02 .1 0B+01 4.91E-03  4.48B-03  6.96E-04  3.36E-03 -2.47 :
30 Bin. 3.33E+01  3.33E+01 |, 17E-04  4.48B-04  QOCE QO  2.83E-04 -3.55 :
60 Bin. OOQCEt00  O.0mB+00 O OOE+00  0.008+00
VC 0 2.85E+05  7.43E+04  1.58B+04
\VC 60 3.13E+05  9.73E+04  2.20E+03
TEST COHDITIOHS: pH : 8.0
TEMPERATURE: 5 C
CL2 COHC. 0.5 ag/l
VIRUS : HAV MD
m
SANPLE PFU Bl PFU al PFU al H / Ho Ht / No H / So Nt/Ho Log Nt/Ho :
20 sec. 2.868+02  6.60E+01 2.07E-02  4.23E-03 ERR  1.258-02 -1.90 :
1 Bin. |1 CE+01 |1 CE+01 7.97B-04  7.05E-04 ERR  7.51E-04 -3.12:
3 Bin. 0 00B+Q0 O O0E+00 ERR O OOB+Q0 :
10 Bin. 0 00B+00  0.008+00 BsB O OOE+00
30 ain. Q OCE+C0 0. 008+00 BBR 0. 008+00
60 Bin. O OCE+00 O OOE+00 ERR O OOE+00
VC 0 1. 38E+04 1. 56Et 04

VC 60 1. 40E+04 6. 71E+03
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TEST CONDI TI ONS:

SAWPLE

. 20 sec.

1 Bin.
3 Bin.
10 Bin.
30 Bin

© 60 Bin

VC 0
VC 60

PPU Bl

4. 62E+04
8. 36E+04
8. 80B+04
1. 55E+05
1. 43E+05
7. 81B+04
8. 14Ei 04
7.04B+04

TEST CONDI TI ONS:

SAWVPLE

. 20 sec.

1 Bin.
3 Bin.

. 10 Bin.
: 30 Bin
: 60 Bin.

VC 0
VC 60

PPU/ Bl

2. 49B+04
2. 52E+04
1. 32E+04
1. 98E+03
|.1CE+01

4.62B+04
1. 37B+04

TEST COHDI Tl OHS:

SAVPLE

. 20 sec.

1 Bin.
3 Bin.

: 10 Bin.
: 30 Bin
. 60 Bin.

VC 0
VC 60

PPU bl

1. 65Bf 04
1. 99E+04
8. 25Et 03
4. 84B+02
|.1CE+01

1. 80Et 04
2. 17E+04

pH: 10.0

TBHPEEATUEE: 5 C

CL2 CONC: 0.5
VIEUS : CBS

PPU bl

5. 06EI 04
8. 36E+D4
9. 90E+04
1. 17E+05
1. 31E+05
2. 53E+04
5. 39E+04
5. 50E+04

pH: 10.0
TEHPEEATUEB: 5

CL2 COHC: 0.5
VISUS : MB2

PPU Bl

4. 68B+04
3. 44E+04
2. 29E+04
2.00B+03
|.10B+01

6. 15B+04
4. 93B+04

pH: 10.0
TEMPBEATUEB: 5 C

CL2 COHC.i 0.5 Bg/ 1
VIBUS : HAV HDI

PPU Bl

5. 72B+03
5. 61B+03
1. 30E+02
6. 60Bt 01
|.10E+01

1. 66B+04
|, 93E+04

Bg/ 1

PFUi |

. 05B+04
54E+04
. 04B+04
. 32E+04
14Bf 04
05Et 03
. 85E+04
. 7T0E+04

PR e R NWw NN

c
Bg/ 1

PPU Bl

8. 36E+02
7. 15E+02
2. 86E+02
I.1CE+01

1. 47B+03
1.09B+03

PPU b1

Ht / No

5. 68E-01
1. 03E+00
1. 08E+00
1. 90E+00
1. 76E+00
9.59B-01

H / No

6. 39E-01
5.45B-01
2. 86E-01
4. 29E- 02
2. 38E- 04
O. OCE+00

Ht / Ho

9.17E-01
[.11B+00
4. 58E-01
2. 69E- 02
6. 11E- 04
O. 00B+00

Ht/ No

9.39E-01
1.55B+f | O
1. 84E+00
2. 17E+00
2. 43E+00
4. 69B-01

Ht / Ho

7.61E-01
5.59E-01
3.72B-01
3. 25E-02
1.79B-04
0. 00B+00

Ht / No

3.45B-01
3.38E-01
7.83B-03
3. 98E-03
6. 63B-04
O. OCE+00

Nt/ Ho

| . UE+QO
1. 37Et 0O
1. 64E"00
1. 25Et 00
6, 16E-01
5. 68E- 02

Nt/ No

5. 69E- 01
4.86B-01
1. 95E-01
7.48E-03
0. 00B+00
O. OCE+00

Nt/ No

BBB
EBB
BEE
EBB
BBB
EBB

AVG
Nt/ Ho

8. 71E- 01
1. 32Et 0O
1. 52E+00
1. 78B+00
i . eoBoo
4. 95E-01

AVG
Ht / No

6. 23E-01
5. 30E-01
2.84B-01
2. 7T6E- 02
2.08E-04
O. OCE+00

AVG
Ht / Ho

6.31E-01
7.22E-01
2.33B-01
1. 54E- 02
6. 37E-04
Q. 00B*00

AVG
Log Ht/No :

-0.06 :
0.12
0.18
0.25
0.20

-0.31:

Log H/No

-0.21 :
-0.28 :
-0,55
-1.56 :
-3.68 :

Log Nt/ No

-0.20 :
-0.14
-0.63 :
-1.81 :
-3.20 :
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TEST COHDI Tl ONS:

SAVPLE

1 20 sec.

1 gin.
3 lio.
10 Bin.

: 30 Bio.

60 Bin.
VC 0
VC 60

PFU |

i.|3E+04
6. 71Bt 03
7.81B+03
4. 95B+02
7. 70E+01
|. 1 CE+01
9. 35E+03
8. 03B+03

TEST COHDI Tl OHS:

SAHPLE

1 20 sec.

1 Bin.
3 Bin.
: 10 Bin.
: 30 Bin.

: 60 Bin.

VC 0
VC 60

PFU »1

2. 50E+03
2. 52E+03
2.11B+03
1. 58B+03
2.97B+02
|.1CE+01
2. 70E+03
3. 27B+03

pH: 10.0

TEMFBRATUEE: 5 C

CL2 COHC 0.5 Bg/1
VIEUS : HAV HK175

PFU bl

|. gl E+03
8. 36B+03
8. 14E+03

4. 07E+03
| I CE+01

7.37B+03
3.30Bf 03

pH: 10.0

PPU/ «1

3. 85E+05
9. 24E+04
8. 69EI 04
1. 05E+05
3.30B+01
I.1Ceta
2. 71B+05
1. 57B+06

TBHPEEATUEE: 5 C

CL2 COHC: 0.5
VIEUS : 0X174

PFU al

4. 03E+03
4. 16E+03
3. 89B+03
2. 54E+03
4. 29B+02
|1 OE+01
4. 04Bf 03
3. 74B+03

nil

PFU b1

6. 93E+03
6. 72E+03
3.63B+03
2. 65B+03
|1 CE+02
|.10B+01
7.26B+03
7.59E+03

STARTI NG C12 COHCEHTEATI OH EAHGB :

Nt/ Ro

1. 21B+00
7.18E-01
8. 35E-01
5. 29E- 02
8. 24B-03
1.18E-f13

Ht / Ho

9.26B-01
9.33B-01
7.81E-01
5.85B-01
I.10E-01
4.07B-03

0.500 - 0.517

Ht / No

2.18B-01
1. 13B+00
|. 1 CE+00

5.52E-01
1. 49E- 03

O. OCE+00

Ht / Ho

9.98B-01
1. 03B+00
9.63B-01
6. 29E-01
1. 06B-01
2.72E-03

a6/ 1

BNDI HG C12 COHCEHTEATI OH RAHGE =0.360 - 0.414 By/1

pH RAHGE : 9.87 - 10.17

Nt/ No

1. 42B+00
3.41E-01
3.21E-01
3.87E-01
1. 22E-04
4. 08B- 05

Ht / Ho

9. 55E-01
7.88E-01
5.00B-01
3. 65E-01
1. 52E-02
1. 52E-03

AVG
Ht / Ho

9. 49E-01
7.31B-01
7.53E-01
3.31E-01
3.28B-03
6. 09B- 04

AVG
Ht / Ho

9.59B-01
9.17B-01
7.48E-01
5. 26E-01
7.71B-02
2.77B-03

AVG
Log H/Ho :

-0.02 :
-0.14
-0.12 :
-0,48 :
-2.48
-3.22

AVG
Log H/Ho ;

-0.02 :

-0.04 :

-0.13

-0.28 :

-1.11

-2.56 :
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TEST CONDI TI ONS:

SAVPLE

1 20 sec.

1 Bin.
: 3 Bin.
: 10 Bin.

: 30 Bin.
: 60 Bin.

VC 0
VC 60

PFU »1

1. 38E+05
1. 25B+05
4.51E+04
6. 93B+04
5. 06Et 03
1. 56Et 03
1. 16E+05
1. 41E+05

TEST CONDI Tl ONS:

SAVPLE

1 20 sec.

1 Bin.
3 Bin.

: 10 Bin.
;30 Bin.
© 60 ain.

VC 0
VC 60

PFU i |

8. 58E+C3
2. 63B+03
1. 98E+02
3. 30E+01
|.10B+01

4. 62B+04
4. 95B+04

pH: 8.0
TBHPERATUSE: 5 C

HH2C1 CONC. ;10 Bg/1
VIRUS : HAV HHL75

PFUtEI Nt/ No

3. 30E+04 1. 19E+00
3. 96E+04 1. 08E+00
1. 43B+04 3. 89E-01
5. 39E+03 5.97B-01
3.52B+03 4. 36E- 02
1. 49B+03 1. 34E- 02
2. T5E+06

1. 40B+05

pH: 8.0

TBHPBEATUBE: 5 C
HH2C1 CONC. : 10 Bg/1
VIRUS : 0X174

PFU/ bl Nt/ No

1. 24E+04 1. 86B-01
2.97B+03 5. 69B- 02
4. 73B+02 4. 29E- 03
2. 20E+01 7, 14E- 04
2. 20E+01 2. 38E-04
|.10B+01 QO 00B+00
3. 96E+04

3. 96Bi 04

Nt/ Ho

1.20B-01
1.44B-01
5.20B-02
1. 96B- 02
1.28B-02
5. 42E-03

Nt/ No

3.13B-01
7,50B-02
1. 19E-02
5, 56E- 04
5. 56E- 04
2. 78E-04

AVG
Ht / No

6. 55E- 01
6.11B-01
2.20B-01
3.09B-01
2.82E-02
9.39B-03

AVG
Nt/ No

2.498B-01
6. 60E- 02
8. 12E- 03
6. 35E- 04
3.97B- 04
2. 78E-04

STARTI NG NH2Ci  CONCENTRATI ON RANGE = 9.96 - 10.20 Bg/1

ENDI NG NB2C1 CONCENTRATI ON RANGE : 8.25 - 9.90 ag/|

pH RANGE : 7.81 - 7.97

AVG,
Log Nt/No :

-0.18 :
-0.21:
-0.66 :
-0.51 :
-1.55
-2.03 :

AVG
Log M/No :

-0.60 :
-1.18
-2.09 :
-3.20 :
-3.40 :
-3.56 :
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TEST CONDI TI ONS:

SAMPLE

: 20 sec.

1 Bin.
3 Bin.

;10 Bin.
. 30 Bin.

60 Bin.
VC 0
VC 60

PFU/ BI

4. 73B+04
. 84E"04
. 52E+04
. 77B+04
. 97E+03
. 7T0E+01
. 42B+04
. 40B+04

N N NN WS

TEST CONDI Tl ONS:

SAVPLE

1 20 sec.

1 Bin.
3 Bin.

;10 Bin.
. 30 Bin.
: 60 Bin.

VC 0
VC 60

PFU b1

. 50B+05
73E+05
. 96E+05
. 30E+05
84E+05
. 57E+05
. 27B+05
. 08E+05

TEST CONDI TI ONS:

SAVPLE

20 sec.
1 Bin.
3 Bin.

;10 Bin.
. 30 Bin.
: 60 Bin.

VC 0
VC 60

PFU BI

2. 42Et 03
3. 08B+03
1. 21B+03
7.70B+02
1. 46E+03
7. 70E+01
3. 7T7E+03
5. 50E+03

pH - 8.0
TEHPBEATUEB:
HH2C1 CONC.
VIRUS : CB5

PFU/ Bl

. 41B+04
. 00B+04
. 06Ei 04
. 13E+04
. 21B+03
65Bt 02
. 43E+04
. 73El 04

pH: 8.0

TEMPBEATUSEY

NH2C1 CONC.
VIRUS : M52

PFU bl

3. 2TE+05
1. 53E+05
1. 86E+05
2. 01E+05
2. 51E+05
7.37B+04
7. 48E+05
7.26B+05

pH: 8.0

TEHPBEATURB:

NH2C1 CONC.

5C

. 10 Bg/1

Nt/ Ho

1. 95E+00
2. 00E+00
1. 45E+00
7.31B-01
1.23B-01
3.18B-03

5C

© 10 By/1

Nt/ No

8. 77E-01
7.54E-01
6. 32E-01
5. 26E-f11
2.93B-01
2.50B-01

5C
10 Bg/1

VIRUS : BAV HDI

PFU Bl

8. 14E+02
|.10B+03
1. 75B+03
2.09B+02
7.488+02
4. 73Ef 02
4. 40E+03
1. 63B+03

Nt/ No

6. 42E-01
8.17B-01
3.21E-01
2. 04E-01
3.87B-01
2. 04E-02

Ht / No

9.92E-01
1. 23E+00
8. 48B-01
4. 65E-01
9.09B-02
6. 79E- 03

»t/ No

4.37B-01
2.05B-01
2.49B-01
2.69B-01
3. 36E-01
9. 85E-02

Nt/ Ho

1.85B-01
2.50E-01
3.98E-01
4, 75E-02
1.70E-01
1.08E-01

AVG AVG
Nt/ No Log M/No :

1. 47E+00 0.17 :

1. 62E+00 0.21 :

1. 15E+00 0.06 :

5.98B-01 -0.22 :

1.07E-01 -0.97 .

4, 99B- 03 -2.30 :
i VG

Nt/ No Log Nt/No :

6.57B-01 -0.18 :
4.79B-01 -0.32
4.408B-01 -0.36 :
3.98B-01 -0.40 :
3.15B-01 -0.50 :
1.74B-01 -0.76 ;

i VG
Nt/ No Log Nt/No :

413800  -0.38 :
5.338-0] -0.27
3.59B-0 -0.44 :
1. 26E-0] -0.90 :
2.798-0 -0.55 :
6. 40E- 05 1,19
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PARAMETERS OF THE LI NEAR REGRESSI ON LI NES USED TO

TABLE 1

CALCULATE THE T99. 99% VALUES.

DI SI NFECTANT

FREE
CHL ORI NE

0.5 ng/ 1

FREE
CHL ORI NE
0.5 ng/ 1

FREE
CHL ORI NE

0.5 ng/ 1

CHL ORAM NE
10 ng/ 1

pH

10.
10.
10.
10.
10.

o0 000
coooo

0 o0

OO0 o0OO0Oo

® 0o 0o
OO0 O0OO0O0

O O0oO0Oo

VI RUS
TYPE

HAV HML7
HAV MDD
CBS
M 2
oX174

HAV HML7
HAV MDD
CBS5
MB 2
oX174

HAV HML75

HAV MDI
CBS
M 2
oX174

HAV HML7 5

HAV NMDI
CBS
MB 2
oX174

STANDARD
ERROR

@]

ocoo0o

©co0000O

ocooo0oO

. 049

804

. 086
. 820

. 158

. 017

. 025

. 006
. 010
. 003

008
002

. 004

005

. 002
. 002
. 036

R- SQUARE

O0O0OO0OO0O ROORO RPOOOO

0co0oo00O0

. 988
. 829

872

. 933
. 000

. 954
. 000
. 876

962
(e]e]e}

. 977
. 990

328
990

. 992

. 912
. 636
. 991

771
627
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