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ABSTRACT

The ilnactivation rote of poliovirus tyvre 1 wis detere
mined in untreated sea water, and in sea woter samples that
were Jeitzefiltercd, autoclaved, Loiled, hested at 6006., and
stored at room temper-ture., All types of trestaent, except
£iltrat lon, incoreased the survival time of the virus over that

of untreated asa waters

The major chemicals in solution in ses water showed
only slight virucidal properties when acting singly, howsver,
with various cosmbinotions a significant degree of inactivation
of the virus was observed st low virus concentrations, but not

at high virus concentrotions.

The effect of reconstituted sea water on inactivation
rate of poliovirus type 1 approached thot of naturel sea water.
Autoclaving of the reconstituted samples in this case prolonged
the gurvivel time of the virus, when virus was exposed to it
while bolling had no such effect.

Lysates of marine bacteria when added to reconstituted

ses water showed ineressed virueidal properties as coumpared

to reconstituted ses water receiving no such treatment.

(iv)



Prom these results it was postulated that the viru-
cidal property of natural sea water is filtrable. This
property of the sea water was partly due to the chemicals in
solution and partly to a heat labile substance of marine

origin., Further work should be carried on to characterigze

this substance.

(v)
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IRTRODUCT ION

Sewage pollution of sea water has bean a subject of
inereasing concern during the past few years. The continie
nation of sea«food with enteric organisms and the apprehenw
sion of comtracting disezse through sea or river bathing are
the main problans under consideration.

Two epidemics of infectious hepatitis, the first in
Sweden (Rous, 1956), and the second in Mississippi and Alabae
ma (Mason gt ale, 1962), have becn found to be zssociated
with consumption of raw oysters. However, evidence relating
water«borne epldemic disesses, like typhoid fever or polio-
myelitis, to sea bathing is still lacking.

in a reoview on poliomyelitis in relation to river
bathing, Doyer and Tissier (1950) investigated a total of 767
poliomyelitis cuses occurring within a period of aeven years,
and wores struck by the rarity of a history suggesting any
likelihood of infection resulting from bathing in polluted
rivers. Thomson (1950) in studying a poliomyelitis outbreak
in Afuckland, New Zealand, during the years 1947 to 1549,
noticed that disproportionately few cases of this dissuase
had occurred at coastal residential areas near the uain sewer

out falls, whore bathing was comaon in the summner monthse
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A eontrolled epidemiological study wos earried out
during the years 1953 to 1959 by 2 committee of the Medieal
Ressarch Council in London, to determine the nusber of polio-
myelitis cases among children who were rermanent residents of
various sea-side towns., Data supplied by this Committee
rrovided no evidence relating bathing with causation of police
myelitis.

It would be reasonable to assume that as a result of
accunulation in the coastal areas of infectious material
brought in by sewsge or by other means, there would be a
great danger for swimmers in these areas to contract dlsease.
lievertheless, the relative paucity of disease among swiniers
in polluted areas indicates that inactiwation of infective
matter takes place in the sea by some means, FYactors which
bring ahout death of bacteria in sewige have been extensively
studied, but little work has yet been carriaed out to determine
the fate of infectious viral particles which enter the bathing

areas through sewage or other routes.

The present study is aimed at an assay of the various
factors existing in natural sesa waters which mzay inactivate
viruses. In view of the prevalence of polioumyelitis in
Leb non and its inereased incldence in the country during
the past 10 voars (Carabedian gt al., 1963), poliovirus was
selected for carrying on these studies. Ffurthermore, the



ability of this virus to remain active when subjected to
various adverse environmental conditions, makes it a sui-

table infectious agent for experimentation.



GENERAL CHARACTHERISTICS OF 3BA WATLR

The marine habitat, as opposed to other major habitats,
is characterized by its vast area and large volume, its low
content of orgunic matter, relatively high salinity, low teme
perature and high pressure at great depths.

The major constituents, exclusive of gases, which cons-
titute more than 99% of the salts in solution in ses water are
the following: (Lyman and Fleming, 1940) |

Conatituent Crang/Xg.
HaCl (Sodium chloride) 234,76
HgCl, 650 {agnesium chloride) 10,635
MQSOL (30dium sulfate) 3.517
CaCl, {Caleium chloride) : 1.102
KC1 (Potassiwn chloride) 0.664
NaliCOy (Sodium bicarbonate) 0.192
KBr (Potaussium bromide) 0.096
H3BO4 (Boric acid) C.026
Sril,.6H,0 gﬁtrontium chloride) C.040
taF (3odium fluoride) ’ 0.003

A larpe nunber of trace elements, some in concentraw
tions less than 1:4:10"10 mg/liter, moke a totzsl of C.Cl% of the
solids in sea water. HMany of these minor constituents are
concantrated several hundred-fold or thousand-fold in certain

marine plants or animals, thus their concentration varies in

&
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different water masses according to the abundance of such

factors (ilarvey, 1955).

Although the salinity of sea water, remote from exter-
nal influences, such as melting ice, large rivers, heavy r:ine
f£all or excessive evaporation, varies wif.hin the range of 33%
to 38% , the ratios between the major ions are virtually cons-
tant (ZoBell, 1963). The salinity values for Lebanese coastal
waters measured for the year 1964 varied between 38,96% and
39.7% (George, 1965),

The seasonal variation in temperature of the surface
waters is least in tropical waters and greatest in temperate
zones. Unpublished data on the seasonal variation in tem-
perature of the Lebanese coastal waters indicate that during
the years 1962 and 1963 the minimum tempersture was 15°C. and
the maximum 33%C.; the average temperatures for the winter and
summer months were 17°C. and 29“6., respectively (4cra, 1965).
Below 200 meters, ocean water has a nearly constant temrercture

at any specified depth (Sverdrup gt al., 1942).

The average pH value for sea water given by Goldberg

(1963) is €.140.2, and the aver:ige redox equilibrium 12.5+C.2.

There is considerable variation in the gquantity as

well as in the kind of organic matter present in sea water.
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The concentration of organic matter réngms roughly from C.4

to 10 mg/liter in the open sea and up to 100 mg/liter in shallow
productive bays. From 60 to 85% of orzanic matter exists in a“
colloidal or other finely particulate state and less than 25%

in a dissolved state (Fox gt al., 1953).

Living cells, including plankton, make up a small
fraction (less than 10%) of the total organic matter. A consie
derable part of the organic matter consigts of relatively inert
substances such as humus, chitin, lignin, cellulose, complex
proteins and some partially decomposed cellular material.
Organiec substances dissolved in sea water include traces of
polypeptides, various amino-acids, organie¢ acids, certain su.
gars, biotin, carotenoids, engzymes, niacin, thiamine and

cobalamine, The organic content of sea water is in a conse

tant state of flux dus to the metabolic activities of the
biota (ZoBell, 1963).

Despite its low concentration of organic matter, sea
water supports a considerable bacterial biomass., In the
littoral zone where biological activity is usually most intense
colony counts commonly indicate the presence of from 102 to
103 bacteria per nl. of water. Bacterial populations of less
than 1 and up to 108 per ml. have also been observed; the
lowest counts are encountered in the open ocean particularly

at depths greater than 1000 meters (ZoBell, 1963).
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According to Beryay's Manual of Determinative Bacterio-
loiys (1957) iwcroorgonisns obtained from the marine h&biﬁﬁt
bolong o tiie class 3chizomycetes of von Naegell and are dis-
tributed in the orders: Pseudomonales, Bubacteriazles, dctinoe
mycetales, Beggiotoales, lyxobacteriales, and Spirochetales
(Breed gt al., 1957). The number of bacterial species of
marine origin given in Dergey's lMamnual is 183, constituting
12% of a total number of 1550 species belonging to the class
Schizomycetes. Of 188 genera in the class Schizomycetes, 59

contain sypecies living both in marine environment and on land.

The bacterial flora of pure sea water is predominantly
gram-negative with a varying proportion of motile and none-
motile types. Liefson gt al.,(1964), during a study of motile
marine bacteria isolated from the waters of the Long Island
Sound, Narrangansett Bay and Atlantic Ocean, observed that the
great madarity of the bacteria isolated had polar flagella,
fermentative abilities, were non-pigmented, and gram-negative.
The non-motile isolates nurbered the same as the motile
isolates, but on storing the water the percentige of motile
isolates increased. Motile grﬂmnpoaitive bacteria, including
spore-formers were found to be rare in sea witer and intese
tines of marine animals but very prevalent in botton mud.
Among the total isolates, yellow-pigmented, rosette-forming

and luminescent bacteriz were also identified.
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Conditions in the sea are relatively unfavorable for
growth and multiplication of many forms of microorganisms.

This is apparent from the fact that in the open areas of the

seas and oceans there is comparatively little diversity of
microbial species than on land (ZoBell, 1963; waksman gt al.,
1937).

There have been a number of investigations concerning
the existence in sea water of bacterial viruses. Jeveral
investigators have isolated bucteriophages actiwve against
m:xd the typhoid group of bacteria mainly from harbors, and
coastal areas (D'Herelle, 1926; Guelin, 1952a,b; Carluceci
et al., 1960). Bacteriophages of the luminescent bacteria

nJ

were isolated by Spencer (1955) from sea water, collected 10
miles off Aberdeen, Scotland. This bacteriophage had a lytic
action on bacteria at 0°C. It is of interest to note that
lysis of the bacteria did not take place when the salt concene
tration in agar was below 2-3%. Kriss (1963) showed the
presence of bacteriophages at great depths, in the hydrogen
sulphide zone of the Black Sea and in the bottox deposits.

Sea water has been found to be distinetly bactericie

dal to sewage orgeniams (Grecnberg, 1956). Studies on the
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survival of freshwater and sewage bacteria in the sea have
concluded that wide variety of factors are regponsible for the
rapid decline of these bacteria in sea water (Greenberg, 19563
Qrlob, 1956; Waksman, 1937). The physical, chemical and
biologlical factors postulated to explain this phenomenon ine
clude: the destructive action of the ultraviolet rays of
sunlight (Gaarder and Sparck, 1931); the adsorption and
sedimentation of miecroorganiasms (Rubentschik gt al., 1936);
the lack of essential nutrients (Korinek, 1927); the presence
of destructive bacteriophage (Arloing gt al., 1925); the
ubilization of microorganisms as food by protogzoa (Waksman

et al., 1937); the presence of toxic substances (ZoBell, 1936),
and the osmotic shock caused by transfer of the cells from an
environment of relatively low salinity to one of high salinity
(Pramer and Carlucci, 1963).

Sea water treated by boiling, autoclaving, pasteurie
zing and chlorinating has been found to suffer a loss in its
bactericidal activity (Vaecaro gt al., 1950). Pramer (1963),
Studying the survival of B. goli in untreated filtered and
autoclaved portions of sea water observed that, in most of
the samples, the organisms died more rapidly in untreated
than in autoelaved or filtered water. This property of the
untreated water was possibly due to the presence in water of
competitors and predators. In two of six samples the survival

time of E. goli was the same in filtrered and autoclaved waters.
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In four of the samples E. coli survived considerably longer
in autoclaved water than in filtered water. The beneficial
effect of autoclaving on the survival time of bacteriu in sea
water is possibly due in part to the influence of high tet.
peratures attained during autoclaving, on the physico-chemical
characteristics of sea water, including the redox-potential,
~ concentration of dissolved gases and ionic equilibria (Pramer
et al., 1963). Jones {1964) and Scarpino (1962) showed that
heavy metals in sea water restrict the development of E. g¢oli.
By adding a variety of chelating agents to sea water this

toxicity was reversed,

That biological factors play a major role in the
enhancenent of bactericidal properties of the sea water, has
been demonstrated by Aubert gt al., (1964). For example,
while studying the antibiotie capacity of phytoplankton, they
observed that in autoclaved sea water sewage bacteriz rroli-
ferated rapidly, while in the presence of added phytoplankton
the survival time of the bacteria was reduced to about 144
hours. The authors have also shown thgt the antibiotic capa-
eity of phytoplankton was totally abolished by heating at

110°C. for one hour.

Antibiotic production in the sea by marine bucteria
and algae, has also been reported (Provasoli, 1963). The

activity of various species of sea weeds was found to vary in
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different manths. lost of the species tested were more
inhibitory to Gram-positive bacteria than to Gram-negative
bacteria,

The mechanism of bactericidal action of sea water
still stands as a complex phenomenon. The results obtained
by various investigators are inconclusive and the taﬁic
factor, which presumably exists in the sea water (ZoBell,

1936), has not yet been identified.




SURVIVAL OF POLIOVIRUS IN VARIOUS WATLRS

The survival of poliomyelitis virus in different kinds
of naturzl waters has been investlgated as early as 1911 when
Landsteiner gt al. observed that poliomyelitis virus in the
form of a suspension of monkey cord remainedinfective for st
least a month when dlspersed in tap water and stored at roon

temperature.

Kling gt al. (1929) reported that a suspenzion of
spinal cord infected with poliomyelitis virus in tap water
gurvived for st least 114 days at room temperature in the dark.
No mentlion is made by these workers about the concentration
of the virus suspension or the characteristics of the water

used.

3tudies on the survival of poliovirus in river water
were carried out by Rhodes gt al. (1950). A dilution of the
stool of a paralytic child was made in river water to a final
concentration of 11200, and the preparation stored at 4°C.
The virus was assayed by cerebral inoculation into monkeys.
Infectivity was lost in the sample between 6 and 7 montha
after the start of experinent.

Survival of poliovirus in diastilled water, spring
water and well water was studied by 3queri gt al. (1961). The

13
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original concentration of virus was 10,000 infective doses
(ID) per liter as tested by tissue culture technics. The
survival times for the three types of waters containing polioe
virus type 1 (Brunhilde strain), were 140 days in distilled
water, 100 days in spring water and 4& days in well water.

The effect of living bacteria and bacteria killed by
heat or by repeated freeze thawing on poliovirus type 1
(Brunhilde strain) was studied by Squeri gt al. (1963). They
observed that living bacteria such as J. goli and Klebsiella
gp. did not affect the survival of the virus in distilled,
spring or well waters. However, the addition of heat killed
He goll to low concentrations of virus reduced the survival
tine of the virus, Further studies on the effect of distilled,
spring and well water on different concentrations of virus indie
cated that survival periods in all three types of waters were
positively related to the concentration of the virus., With
1x107 infective doses per liter, the virus survived for 133,
&4 and 56 days respectively in different types of water; while
with 1x10% infective doses per liter the surviwil time wes 56,
28 and 21 days. Virus survived longer in well and spring

waters that were sterilized.

Jea water was found to exert an unfavorable effect on
enteroviruses. Cioglia gt al. (1962), observed that the self
purification effect in sea water was greater than in river
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water. Thus the survival time of enteroviruses at 25°C.
dropped to a minimum of & to 15 days in sea water and 15 to
30 daya in river water. It was also observed that generally
the viruses resigsted inactivation better at lower temper:ztures

(5-15°C.) than at higher temperatures (20-30°C.).

Plissier and Therre (1961) reported that the inactivaew
tion of poliovirus typé I Maghoney in sea water and drinking
water depended on the original concentration of virus. In sea
water an original concentration of 103 TCD50 of virus per ml.
was totally inactivated in 30 days, while a concentration of
105 TCDSO per ml. lost 1.7 log units, during the same period.
Samples were kept at 17°C. in a water bath. The inactiwvation
of poliovirus in Melnlck's laetalbumin mediuwa, however, did
not depend on the initial concentration of virus., BEach concene

tration after 30 days lost a titer of one log unit,

Plissier (1963) reported that poliovirus type I (Mahoney)
at an initial concentration of 105 an per ml. was fournd to
survive for 9 months in Melnick's lactalbumin medium, 5 months
in tap water and 3 months in sea water at a temperature of
17°C. At a concentration of 103 LBSO per ml. the corresponding
survival times were 3 months in Melnick's lactalbumin medium and
one month for both tap water and sea water. Tap water cone

tained chlorine and ozone.



EFFECTS OF VARIOUS CHEMICAL ARD PHYSICAL AGHANTS
ON POLIOVIRUSLES

The poliovirus group is known to be among the hardiest
of all known animal viruses, the stability range in acid and
alkaline media being from pH 3 to pH 10 (Gard, 1955). The
virus rapidly loses infectivity in more acid or alkaline media.

Younger (1957) carried out thermal inactiwation experi-
aents on different types of poliovirus at 50°C. and 36.5°C,
He noticed strain differences in regard to inactivation at
50°C. The mean percent infectivity remaining after 1 hour of
heating was 24 for type 1, lik for type 2 and C.1§ for type
3. For type 1, infectivity was reduced to 0.0001% in 12 days
at 36.59C. The inactivation rate at this tempersture was

slower for the other two types.

Lund and Lycke (1961) investigated the effect of
alterations in the oxidationereduction potential on the inacti-
vation of type 3 poliovirus. They observed that at redox
potentials of -250 to +200 millivolts the rate of virus inacti-
vation was the same as in phosphate buffer. The inactivation
rate was enhanced at potentials above 300 millivolts. The

16
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oxidizing agent used was potassium-permanganate.

Poliovirus was found to be inactivated by ionizing
irradiation and ultraviolet light the maximun effect being
obtained with wavelangths of about 2760 A®. (Fogh, 1955;
Taylor, 1957a). Wallis (1963) studying the photodynamic
inactivation of poliovirus reported that virus free of hetero-
cyclic dves is light resistant.

The inactivation of poliovirus by chlorine has been

widely investigated (Weidenkope, 1958; Emerson gt al., 19403
Clarke gt al., 1964). Xelly gt al. (1958) reported that at
pi 7 and 259C. a minimum free residual chlorine concentration
of 0«3 ppm and a contact period of at least 30 minutes were

required to inactivate enteric viruses.

Lund (1961) reported that chlorine compounds like
hypochlorite and chloramine owe their virucidal activity to
their oxidizing effect. Chloride ion which is the major form
of the element in sea water has no virucidal effect (Kelly
gt al., 195¢). Likewise, elementary iodine is a rapid devitae
lizing agent. However, I™ and 103“ have little or no demonw
strable effect on polioviruses (Berg gt al., 1964).
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The in yitro resistance of poliovirus to various
chemical agents has been studied by Edwin gt al. (1955).
Within 2 hours at 37°C. the following minimal doses of chemnie

cals were found to inactivate polloviruses:

Copper sulfate 0.03 gu/100 ml.
Mercurie chloride 0.005 gm/100 ml.
Stannic chloride C.17 gm/10C ml.
Zink sulfate 0.28 gn/100 ml.
Ferrous iodide 0.3 gm/100 ml.
Ferrous sulfate 0.28 gm/100 ml.
Uraniun acetate 0,42 gn/100 ml.

inactivated
inactivated
inactivated
inactiwated
inactivated
inactivated
inactivated

20 ID (IC monkey)
20 1D
20 ID
15 ID
20 Ib
15 Ib
15 Ip

The c¢oncentrations of these chemicals by far exceed those

obaserved in natural sea waters.



MATERIALS AND HMETHODS

‘W L
3ea water samples were obtained in sterile flasks from
a selected spot along a rocky couast in Beirut, far f{rom any
sewer outfall. Jamples were collected on calm mornings near
the surface of the sea and all determinations were initiated

within 1 hour of ccllection.

Attempts were made to constitute the sex water artie
fieially following the data presented by Constan (1956) for

Peirut sea water.

Compus’ Be. Seq W: (Constan, 1956)
Water H,0 96 .38%

Sodiur chloride NaCl 2. 8%

Potassiun chloride KXCl 0. 08%

Magnesiwa chloride  MgCl, 0.37%
Magnesium sulfate ¥g30, 0.23%,

Czleiun sulfate Ca30, 0.14%

Caleiwn carbonate CaC0y 0.013%

The sea water was also constituted artificially using
values reported by Lyman and Fleming (1940), (page 4), but uti-
lizing & W/V basis.

19
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3tandard analytic reagents were used for both prepa-
rations. NaCl, KCl1, gCl,, Mgﬁoa, NaF, Ma23QQ’ H3BO,, ﬁaHCOB
were obtained from the ierck Chemical Laboratories, Germany;
CaSOk from Hopkin and Williams Ltd., England; CaQOB from the
British Drug House Ltd., Poole, England. SrClz, KBr from

Merck Laboratory Chenicals, New Jersey, U.S.A4.

The solutions were sterilized by filtration through

Jeitz pad type EK or autoclaved at 15 lbs, pressure for
15 minutes.

Solutions of the major chemicals present

in sea water were rrepared in distilled water using the

sace amount of constituent as determined by Constda (1956) for
Beirut sea water. A 4% solution of NaCl was also preparad&

in distilled water. Jterilization of sclutions was carried
out by autoclaving at 15 1lbs. pressure for 15 minutes.

b. Combined Chenigalg: Groupings of the,varioué major chemicals
in sea water using the data of Constan (1956), were prepared
as follows:

Group 1. HaCl ..cuvvervevionincrsnrennncees 2.8 gme
KCL evveeverececnossoooresnnannaea 0.08 gme
MgClz e 0.37 groe
Distilled water up to 100 ml.
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Grﬁup 20 Mgsq“ YRR R R T QgEB e

Casob S EEER P L EIE NI ER TSRO II RSB EEO NS O&lh Flle
Distilled water up to 100 ml.

Group 3. HBaCll eieenceverccsvsncecranancesse 2.8 pgm.
KCL sevevrenveroconrccoscncenssess 0.08 pm,
Mgsqh ceesesceccstencenassrsaessss 023 gm,
CaSOh ssesvsrsassressvansasserenes Ol gme
Distilled water up to 100 ml.

Solutions were sterilized by autoclaving at 15 lbs. pressure

for 15 minutes. If not used immediately they were stored
at AOC .

A 100 ml. amount of freshly obtained sen water was
passed through a millipore membrane filter to collect all the
bacteria. The filter pad was placed in a nutrient medium
containing various salts, amino acids, thyamine and pyrimidines
(Wrights, 1954). Turbidity was observed in the medium after
an incubation period of 1 day at 3006. A gramestained smear
of the culture indicated the presence of gram-negative rods.
Incubation was continued for another 7 days after which the
culture was filtered through a sintered glass filter. The
filtrate, assuned to contain bacterial autolysates and other

products was used immediately after preparation.
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Virus Strain
The poliovirus type 1, attenuated Sabin strain, kindly
supplied by Dr. T. Frothinghanm, Tulane University 3chool of

Medicine, New Orleans, was used throughout these experiments.

For stock virus preparastion C.5 ml. of virus suspen-
sion was inoculated into bottles of monkey kidney monolayer
cell cultures. The bottles were incubated at 37°C. for § hour
to allow virus adsorption on cells, 10 ml. of maintenance
mediwn was then added and the bottles re-incubated. After
coriplete CPE had occurred (comtonly within 24 hours), the virus
suspension was harvested, centrifuged at 3000 revolutions per
minute for 5 minutes to remove debris, tested for sterility

and stored at -7000. until use.

The continuous monkey kidney cell line available in
the Department of Bacteriology and Virology, American Univer
sity of Beirut was kindly supplied by Dr. Chu of the Lebanese

GCovernment Laboratories at PFanar.

Lactalbumin hydrolysate (0.5%) in BSS ..... 80 mL.
Eaglea 3011}353.0!’1 10x R E R R N TN RN I W 1.0 I‘Z’il.
Glucoa& (1%) FIN I BN R N N A RPN A S B A A A AN AR B A AN R R I I Sgal.

Calf Serun TR R R R I Iy 15 lmlo
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Penicillin s.ucecesesnsssosesevensssneceees 100 units/ml,
Streptomyein  sesevsevecavcescsvreroncesases 100 ugm/mi.
Sodium bicarbonate (2.8%), a sufficient quantity added

to produce a pil of 7.4.

The medium was flltered through Seitz filter, and
incubated for 72 hours at 37°C. to test for sterility. Anti-

biotics were added just before use.

Lactalbumin hydrolysate (0.5%) in BSS ..... 90 ml.
Glucose (1O6) cevivvivavrooososnsrracencnes 5 ml.
Calf Berum  seeererevecronncconscnsssnncenss 5 mi.
Penicillin sveeveecvesnsesosevessnceansssss 100 units/ml.
Stroptomycin  eevvesencecsaasvocensseeesnese 100 ugm/ml.
Sodium bicarbonate (2.8%), a sufficient quantity added

to produce a pH of 7.4.

Lactalbumin hydrolysate (0.5%) in B33 ...... 85 ml.
Gl\lCQS@ (10%) L B I 2K BN NN N N A BT A B N R IR B BRI 5ml.
Calf aﬂm LI B B I B I B R BN N N O K I N IR NN R B N B R R 10 }n},.

A F
Agaﬂ ((ﬁb P I A A BRSPS IR I AR N B R A S 10m.

#Purified agar for tissue culture use was obtained from
Difeo Laboratories, Detroit, Michigan. aAgar, 6 gm.,
was dissolved in 160 ml. distilled water by boiling
dispensed in 10 ml. amounts in screw-capped tubes and
autoclaved at 15 1lbs. pressure for 15 minutes and
stored at 49C. Just before use the agar was melted by
heating in a water bath.
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Penicillin ceeoeececosrveveensconsassee-ssse 100 units/ml.
StreptomyCinl  eevesrecrecsscsaresnocscenseese 100 wm/ml.
Sodiun bicarbonate (2.8%), a sufficient quantity added

to produce a pH of 7.4.

(Merchant et al., 1960}

3 )

Solution A=

NHACl seeevscccasssorsansonsacnscnnensenes 80.C gu.
KCL soscocovevavavssscooossasanssnconsnss L0 gm.
M@SQ&.?HQO Gesssecernstescearbananseraany 2.C gme.
NazﬂPok.QHQG Crsesssesesetacabentreiaanes 0.6 gm.
GlUCOSB@ eecevecrerentcrsocssnscnonscancns 10.0 gm.
KHZth PN C.& gm.
Distilled water up to 800 ml.

Solution B.=-
03012 L A A N N N NN RE X N llh g’;ﬁo
Distilled water up to 100 ml.

Solution Cee
Phenol Red seevecesvvsvecscrcssnrcsesonne C.2 Plte
Distilled water up to 100 ml,

The three solutions are mixed and preserved with
3.4 ml. of ehloroform at 4°C.



The working BSS was prepared by diluting 10X stock
B33 with distilled water, dispensed in screw-capped bottles,
and autoclaved at 120°C. and 15 1bs. pressure for 15 minutes.
The pH was adjusted to 7.4 with 2.8% sodium bicarbonate,

Lactalbumin hydrolysate, C.5 rm., was dissolved in
100 ml, of B335, dispensed in screw-capped bottles and autoe
claved st 15 1lbs. pressure for 15 nminutes. The pH was adjuse
ted to 7.4 with 2.8% sodium bicarbonate.

Eazle's TC Medium

Constituents for Eagle's medium were obtained in powder
form in vials, as TC vitamins, TC amino acids and TC glutamine,
5%, from Difco Laboratories Detroit, Michigan, U.3.4,

TC Vitaming eseaveccscsrenvsvscesocscosnesese 010 pm,
TC Amino acids R RE TR R R R Ce22 gm,
Clutamine 5% eeesecevccecssaccssvecsarcancss 6400 ml,
Make up to 100 ml. with B33 and stored at -20°C. until

used .

Dextrose

LI IR K I O B R AR B AR BN R N IR B K B BE AN Y O BN R B AR K R BEUEE R R N J lo Qﬁlc
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Distilled water up to 100 ml.
Agtoclaved at 15 lbs. pressure for 15 minutes and stored
at 403.

Antibiotics

| Penicillin 10,000 units and 10,000 ugms of stregtomy-
cin per mnl, in sterile bi-distilled water were distributed in
2 ml. amounts in screw-capped tubes and stored st -20°C,

GXN Solution
a. Formula for 10X
GlUCOBE® cevescoesncescsossacevssscosevesssse 20 gl
Sodium chloride eceeccececvecessanssocesseses 160 gm.
Potassium chloride ..eevesecsvrersocetovoncnse L gne
Dissolved in 2 liters of bi-distilled water., Phenol red
1%, 40 ml. and 6~8 ml. of chloroform were added and the
mixture stored at 4°C.

b. Working Solution
The stock solution was diluted 10~fold with dise
tilled water, autoclaved at 15 1lbs. preasure for 15 minutes

and stored at AOC.

Jrypsin Solution
Trypsin stock solution (1:250) 2.5% in isotonic saline,

was obtained in vials from Microbiologicsl jissociates Inc.,
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Bethesda, Maryland. Working solution for dispersing monkey
kidney cells was prepared by diluting the stock solution to
0.25%, using GKN, pH 7.8, as diluent. It was stored at -20°¢,

Calf blood was obtained from a slaughter-house near
Beirut c¢ity. After 23 hours of storage at room temperature
the clot was broken and the flasks containing the blood were
stored overnight at 4°C. Next day the serum was separated
from the clot by centrifugation, filtered through Seitz filter,
inactivated for 45 minutes at 60°C. and stored at -20°C. until

Uuse.

Neutraligzation tests with poliovirus type 1, were
carried out on the serum lots according to the method described
by Herchant gt al. (1960) and Godtfredsen and Von Magnus (1959),
with some modification. Equal amounts, 0.3 wl., of diluted
(1:5) and inactiwvated serum and 100 TCDgq virus were mixed and
kept for 1 hour at room temperature for neutralization te
occur. The mixture was then inoculated’ into 2 cell culture
tubes using 0.2 ml. amounts for each tube. The tubes were
incubated for 30 minutes at 37°C., after which 0.8 ml. of
maintenance mediuw: was added to each tube., They were then
re-incubated in an inclined position. Uninoeculated cell cultures,
virus inoculated cell cultures and cell cultures containing

serun alone were kept as controls. Only those serum lots which
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were free of neutralizing antibodies were used in the prepara-

tion of maintenance media.

Slasaware

The tissue culture tubes and bottles were obtained from
Kimble Glass Company, Us3.4, 3Sterile screw-capped glass bottles
of 200 ml. capacity were used in all experiments unless stated
otherwise.



EXPERIMENTAL PROCEDURES

a. Tybe iethod: Stock virus suspensions and virus in test
solutions were titrated by inoculation of C.1 al. amounts
fron: each of 10-fold dilutions of virus, 10”1 - 10‘8, [re-
pared in Hank's balanced salt solution at pH 7, into mono-
layer tubes of continuous monkey kidney cell cultures.
Virus was allowed to adsorb on cells for 30 minutes at 37°C.,
after which 0.9 ml. of maintenance medium was added and the
tubes re-incubated in an inclined poaition. Uninoculated
cell cultures and virus inoculated ¢ell cultures were kept
as controls. Readings were done on the 6th day and the
titers calculated according to the method described by
Reed and Muench (1938).

be Plague iethod: The methodology of the plague technique
employed in these experiments was essentially that of
Holland and icLaren (1959) with some modification. ilono
layers of continuous monkey kidney cells in rectangular
screw-capped glass bottles of about 50 ml. capacity were
washed with Hank's B33, pi 7, and inoculated with various
dilutions, 10‘1 - 10‘8, of virus suspension. The bottles
were incubated for 30 minutes at 37°C. after w:hich they were
washed with Hank's B33, pH 7, to remove unattached virus,
and overlaid with 5 ml. of malntenance mediun containing

29
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0.6% agar. The cultures wers re-incubated until develop-
ment of plaques occurred, generally within 48«72 hours. At
this stage the medium was poured off the bottles. Mono-
layers were then washed with 0.9 saline and fixed and stained
by exposure for 2 minutes to dye solution (1% crystal violet
and 20% ethanol in distilled water). Excess dye was rinsed

off with tap water and the plaques counted.

To determine the effect of mieroorganisumsin sea water on
the inactivation rate of poliovirus, 150 ml. anounts of sea water
samples were filtered through Seitz pad type EK to remove bac-
teria, other micaroorganisms and any particulate matter. The inace
tivation rate of 103 TGDSO/ml. of poliovirus contained in 100 ml.
amounts of the filtrate was determined at 25°C. Unfiltered sea
water, 100 nl. amounts, containing the same amount of virus were
used as controls, Determinations of the virus titres, using
1 ml. of euch specimen, were carried out once every day by the

tube titration method.

The bacteria in fresh samples of sea water were counted
by making 10-fold dilutions of sea water in sterile distilled
water and incorporating 1 ml. of each dilution with nutrient
agar in Petri plates. The colonies were counted after an incu-
bation period of 48 hours at room temperature. The number of

counts varied from 190-250 bacteria per nl. of sea water,



on poliovirus, the inaectivation rate of 10" TC,DSG/M.. of polioc-
virus contained in 100 wml. amounts of each solution was deter-
mined =t 25%°C. Virus in each sample was titrated, using 1 ul.
amounts, once every 2 to 3 days for the first month and once
every week for the following month by the tube method. The
inactivation time of 10% TCD;o/ml. of virus in 100 «l. of

distilled water was taken as control.

The effect of combination of the ma jor
chemicals in sea water on two concentrations of poliovirus
was tested. The inactivation rate of 10 TCD,iO/ml. and

10> TCDg/ml. (or 10° PFU/mL.), contained in 10 ml. amounts
of solutions of each group of chemicals was determined at
25°C, Virus titrations using 1 ml. amounts of each sample
were carried out by the tube or plague nethod. Determinations
of the inactivation rate of both concentrations of virus in

sea water and distilled water were carried on simultaneously

with the tests.

1] v

A comparison of the virucidal effeet of the filter steri-

lized, artificially constituted sea water preparations according

to the data of Qonstan (1956) and Lynan and fleming (1940), was

carried out. The inactivation rate of 106 PRU[tl. of poliovirus
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eontained in 100 ml, anmounts of each solution was deterdined at
25°C, Virus titrations using 1 al. of each sample were carried

out once every 2-3 days by the plague method.

The inactivation rate of 106 PFU/ml. of poliovirus in

100 ml. amounts of sea water and 2.8% and 4% solutions of NaCl,

was determined simultaneously.

To test the effect of heat or aging on the virucidal
efficlency of sea water, freshly obtained sea water samples were
treated as follows:

a, Bolled for 5 minutes to destroy, if possible, the toxic
substances assumed to be present in sea water.

b. Heated at 60°C. for 30 minutes to determine the resistance
to heat of toxic substances.

¢. Autoclaved for 15 minutes at 15 lbs. pressure.

de Allow to stand at room tempercture for 2 weeks to detere
mine losa, if any, of virucidal activity. Sea water from

Denmark¥ collected in 1963 was also used for the sane purpose.

The rate of inactivation at 25°C. of 10° PFU/ml. of
poliovirus in 10C ml. amounts of these differently trented saiie
ples was determined. Virus titrations using 1 ul. of each

sanple. were carried ocut every 2-3 days by the plaque method.

#Obtained in vials from the Standard Jea-Water Service,
Denmark, and kindly supplied by Dr. Carl CGeorge of the
Department of Biolopy, American University of Beirut.
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Untreated sea water and artificially constituted sea water

subjected to siuilar treatments were used as controls.

To test the effect of bacterial autolysates on polioe
virus, equal amounts of artificially constituted seu water and
bacterial filtrate, prepared as deacribed previously were mixed
and the inactivation rate of 106 PFU/nl. of poliovirus in 100 ml.
of this mixture was determined at 25°C. The control consisted
of equal amounts of culture medium subjected to the same treat-
ments and artifieially constituted sea water, Virus titrations

were carried out every 2-3 days by the plaque method.



RESULTS AND DISCUSSION

Results of in yitro studies of the effect of sea water
on poliovirus indicated that sea water has a definite virue
cidal property. Poliovirus 10% TCDSO/ml. was totally inacti-
vated in about 32 days in sea water at 25°C., while in dis-
tilled water the infectivity was reduced to about 193 TCDSG/ml.
during the same period (Pig. 2).

The inactivation time of poliovirus in sea water was
found to be dependent on the virus concentration, 103 TCD50/ml.
being inactivated totally in about 9 days while 10“ Tcnso/ml.
of virus lost about 1.25 log units during the same period
(Figs. 1 and 2). This corraborates the results of Plissier
and Therre (1961), who reported that an original concentration
of 10 TCDgo/ml. of virus was totally inactivated in 30 days
in sea water at 17°C., while a concentration of 10° TCDBO/mI,
lost only 1.7 log units during the same period.

The results presented in Fig. 1 indicate that the
virucidal property of sea water is filtrablej the tine
required for inactivation of 10° TCDso/ml. of virus at 25°C,
in Seitz~filtered sea water was one day longer when compared
with that of untreated sea water. This difference is not
significant since the inactivation time of 10° TCﬁﬁe/ml. of
virus in samples of sec water collected at different tiues

34
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varied from 6-9 days (Fig. 1, 4, 5 and 6).

#fter establishing that sea water had definite viruci-
dal properties, the effect on survival time of poliovirus of
various constituents in sea water was next tested. The virue
¢cidal effect of various chemicals, at concentrations determined
for Lebanese coastal waters, were testad on 10“ TCDSG/ml. of
poliovirus., WaCl, 2.8%, had a greater virucidal offect than
XC1, MgClz, 1gs0, , casoh and CaCOB when used singly in concen-

trations indicuted in Fige 2. In 2.8% NHaCl there wus a loss
in titer of 3 log units in 5C days, however, f{or inactivation
of all the virus present, a period longer than 72 days was

required (Fig. 2).

The effect of various combinations of chemicals upon
the inactiwation of poliovirus was determined =t two virus con-
centrations 1@“ TCDsolml. and 103 TCDso/ml. Ag indiceted in
Fig. 3, 10% TCDgo/nls of Virus in an artificlally constituted
sample of sea water (Constan, 1956) and in a mixture of cheui-
cals, HaCl, KCl and MgClz in concentrations described for sea
water, lost equally titers of 3 log units in 50 days. This
could be attributed to the effect of NaCl (2.8%) alone (Fig. 2).
The same concentration of virus lost a titer of 2 log units in
a golution containing KCL, MgClE, GaSOa, ﬁgﬂﬂh and in another
containing Caﬁﬂh and mgSOL in concentrations described for

sea water,
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It could be concluded from Fig. 2 and 3 that there are
factors in sea water which have wirucidal efficiency, other
than the chemicals so far tested; also KCl and M@Olz have no

denonstrable virucidal effect.

The data from Figs 4 and 5 suggest that the chemicals
in artificially constituted sea water have a cumulastive effect
upon the inactivation of poliovirus. The survival time of
106 PFU/ml. (or 10° TCDSO/ml.) of virus in 3 groups of chemi-
cals HaCl, KC1, HgCl,; KC1, MgCl,, Ca30Q,, MgSDk, and CmSOk,
Mgsok, in concentrations described for sea water by Constan
(1956) were 32, 33 and 34 days respectively. The survival
time of 166 PFU/ml. of virus in artificislly constituted, autoe
claved sea water was 26 days (Fige. 4). It was further observed
that in Seitz-filtered waters constituted artificizlly according
to Constan (1956), and Lyman and Fleming (1940C), the survival
times of 100 PFU/ml. of poliovirus were 15 and 11 days respec-
tively (Fige. 5). This difference of & days could be attributed
to the presence of Br™, F~, HCO,”, srt* and HBBoé in the sea
water artificially constituted according to the data of Lyman
and Fleming (1940). As indicated in Fig. 5, the survival time
of 10° PFU/il. of poliovirus in two solutions of NaCl, cone
taining 2.8% and 4% of sazlt respectively, was about 28 days.

The effect of various treatments on the virucidal

effect of sea water was also studied. The survival time of
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106 PFU/ml. poliovirus in untreate’ sea water was £ days; in
sea water stored for 2 weeks, 12 days; in sea water heated

for 3C minutes at 60“6., 18 days; in boiled sea water, 20 days,
and in sea water received from Dengark (1963), 24 days (Fig. 6).
The increase in survival time of poliovirus in all these
treated samples of sea water indicates the presence in untreated
sea water of some inhibitory factor which loses potency on
storage and is hest labile., This assumption was further subse
tantiated by the fact that boiling was found not to effect the
virucidal efficiency of artificially constituted sea water.

The increase in survival time of the virus in autoclaved,
artificially constituted sea water could be due to some altew
ration in the chemical composition of the artificially consti-
tuted sample due to the effect of heat (Fig. 7).

| The addition of bLacterial lysates to artificially conse
tituted sea water reduced the survival time of poliovirus by
3 days as compared to the control sample (Fig. 8). This does
not imply however, that the inhibitory factor in the sea is
necessarily of bacterial origin. For example, lioewus (1963)
reported that poliovirus inoculated on fish cell monolayer cule
tures did not produce cytopathic changes and lost infectivity
within a shorter apan of time than could be accounted for by
incubating at 20%C. This "factor" released by fisgh eells into
the medium lost its effect gradually by duration of incubation.
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In conclusion, the virucidal property of sea water
seems to be due to the combined effect of its chemical compo-
sition and an unknown inhibitory factor. 3Slight shifts in the
potency and/or concentration of this inhibitory factor may be
the cause of the variation in survival times of poliovirus in

different samples of sea water.

The variation in survival time in sea water of sewage
bacteria was attributed by Jones (1964) to be due to slight
changes in salinity and redox potential. However, in the case
of poliovirus, Lund and Lycke (1961) reported that the inacti-
vation rate was the same in a wide range of redox potentials,
-200 to +200 millivolts. In pesults indicated in this thesis
the inactivation rate of poliovirus was not different in NaCl
concentrations of 2.8% and 4% (Fig. 5).



X=X Sea water - untreated
e——® Sea water - Seitz-filtered
O=——0 Saline 0.85 %

12 16 20 24
TIME (days)

Fig. 1. The inactivation rate of poliovirus in Seitz-
filtered and untreated sea waters. (Virus concentration
10 TCD5O/ml., Temperature 25°C.).




-

CaSOq 0.14°%, CaCO3 0.013 %

TIME (days)

Fig, 2. The inactivation rate of poliovirus in presence of various chemicals
applied singly. (Virus concentration 104 TCDSO/ml, , Temperature 25°C. ).

*(#—a) Applies to any one of the chemicals tested singly.




TIME (days)

Fig. 3. The inactivation rate of poliovirus in presence of various chemicals
applied in combination. (Virus concentration 104 TCDSO/ml,, Temperature 25°C,).

¥Data from Constan (1956)

#%(e—e) Applies to sea water - artificial or the combination of NaCl, KC1l
and MgCl

1 d—a A%plies to the mixture of KC1, MgClz, CaSO
MgSOAL

and MgSOl} or CaSOh and

4




X=——X Sea water

O—0 Sea water - artific x
G \\3(\1, KC “\;}L

A—A K(C| 1qC : B

A—A :pe10)2 M

p—
e

R

Fig. L. The inactivation rate of poliovirus in presence
of various,chemicals appllgd in comblnatlon, (Virus concen-
tration 106 PFU/ml., or 10° TCD 50 /ml., Temperature 250C,).

¥Data from Constan (1956)




Sea water »
Sea water - artificial

(8))

Sea water - artifici
Saline 2.8%

560

/. ©/
g

Saline

0

TIME (days)

Figs 5. The inactivation rate of poliovirus in presence
of two types of artificial sea waters and different con-
centrations of NaCl., (Virus concentration 10° PFU/ml.,
Temperature 25°C.).

#Data from Lyman and Fleming (1940)

**Data from Constan (1956)
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A—A ea water - autoclaved

O—0 Sea water - boiled
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. Ty * . .
106 Artiticial sea water - Seitz-filtered
Artificial sea water - boiled
Artificial .sea water - autoclaved

- e * -
Fig. 7. The inactiwvat

sea water subjected to various treatmen
tion 10° PFU/ml., Temperature 25°C.).

#Data of Lyman and Fleming (1940)
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O—0 Bacterial filtrate and artifi
sea water - equal amcumC.
Culture medium and artifici
sea water - equal amounts.

;

=
(¥
‘?., —
.
& ®

\
\ “Jx
- N\
) N
N N\
\\ \,
N N
\,
}  {
'\
2
N\
N ‘\\
\‘\
\
N\

; S A | =8 A 'k ] 1 1 A “- \ | e |

TIME (days)

Fig. 8. The inactivation rate of polioviru
of bacterial lysates. (Virus concentration 10
Temperature 25°C,

cla

A

2

{

in presence
PFU/ml.,




REFERENCES

Aera, A., 1965. Personal commnication.

Arloing, F., 3empe and Chavanne, 1925. Propriétés antimicro-
biennes des diverses eaux fluviales ou marines., Pou
voir baaﬁarialogiqua. Bull. Acad. Natl. Med. (Paris),
93: 184-187.

Aubert, M., Lebaut, H., and Aubert, J., 1964. Role of phyto=
lankton in the antibiotic capacity of sea water.,
Ainn, Inst. Pasteur, 106: 147-150.

Berg, G., Chang, S., and Harris, B., 1964. Devitalization of
microorganisms by Iodine. ﬁirology, 22: 469-481.

 Boyer, J., and Tissier, M., 1950. Poliomyélite et bains de
’ “rividre. Presse Wéd., 58: 1183,

Breed, R.S., Murray, E.G.ﬂ., and Smith ﬁ.R., 1957. !
Manual of De ] ive Bacteriolop 7th ed., | ams

Carluceci, A.F., and Pramer, D., 1960, An evaluation of factors
affecting the survival of Egcherichig in sea
gatar. . Bacteriophages., / ol., 8: 25,

.

Cioglia, L., and Loddo, B., 1962. The vrocess of self-purifie
cation in marine environment. III. Resistance of some
enterovirusea. Nuovi Ann. d'Iglene e Microbiol.,

13(1): 11-29.
C’lm’i{e, Nehs, Eerg, G», Kahl@r, Pown, and Ch%g, 3.Iu, 1%&»0

Human antaric viruses in water. A n We
il lutd gagardcl - . ergamon

Constan, N.D., 1956. PFersonal communication.

Bdwin, W., Robinson, 3., and Robins, F., 1955. The
resistance of poliomyelitis virus to chemical agents.
Ju 1nfﬁ ﬁis., &‘3): 193"‘2000

Bmerson, J.K., and 3oule, iM.H., 1940, Effect of chlorination

of ¢ity water on virus of poliomyelitis. Proc. Soc.
prtlo Biol. & Mﬁdo, M i&Blo

39




40

Pogh, J., 1955, Ultraviolet light inactivation of poliomyeli-
" “"tis virus., Proc. ﬁoc.%tl. Biol. & Med., (9% LOL.

Fox, D.Ls, ﬂpgenheimw, CoHey and Kittredge, J.3., 1953,
Microfiltration in oceanographic reseurch. JIl. Reten
tion of colloidal micelles by adsorptive filters and
by filter-feeding invertebrates, proportions of
dispersed organic to dispersed inorganic matter ond to
mﬁﬂic solutes., J. iar. R@%u, R! 2339«3&3&

Gaarder, T., and Spark, R., 1931, III., Biochexical and BEiolow
gleal investigations of the variations in the ;roduce
tivity of the West %omﬁm oismr pools. Rapp.
Proces-Verbaux Reunions seil Perm. Intern. Exploe
ration Mer., 75! 47«58,

Garabedian G.AQ’ i‘nﬂtaaﬁm, Rvi‘fn, and i'%&tf‘?fﬁ, Jog 1%30
Paiimmyentia in Lebanon. Leb. Med. J., 16: 216-229.

Gard, 8., 1955, The virus of agolimyelitia. World Hlth Org.
Honograph Series No. » DPPe 215237 :

George, C., 1965. Fersonal comuunication.

Gevaudan, F., and Tamalet, J., 1956. Etude sur la pollution
des plages et baignades sur le littoral méditerranden.
Rev. d'Hyg. et de lMed. Sociale, L: 270.

Godt fyedsen, A., and Von Hagnus, H., 1959. Routine diagnosis
of enteroviruses using tissue culture techniquesz.
Danish Med. Bull., §(8): 264.

Goldberg, E.D., 1963, The oceans as & chemical systex. Ihe
%‘. Vol. 24 ppe 3-22. Interscience Publishers,
w York, London.

Gresnberg, A.f., 1956, Survival of enterlc organisas in sea
water. Public Health Reports (U.ﬁ.),r%.: T7=86.

Guelin, A., 1952a. Application de la recherche des bactirio-
vhages a l'étude des eaux polludes. #Ann. Inst. Vasteur,
:

*

Guelin, 4., 1952b. Bacteriophage et entérobacteries chez les
oissons de mer et le probldme des esux polliudes.
\inne Inst. Pasteur, £3: 46-56.

HWW' ﬁtwn 1955'
Pp. 22

. Canbridge Univ. Presss

the bacteriophege. Ihs
jophare and It's Behavigur. pr. 436. villiams
kins Company, Baltimore, U 3.0




41

Holland, J.J. and lcLaren, C.L., 1959. Improved method for
staining cell monolayers for virus plague counts.
Je ﬁactariol..42§ 596-597.

Jones, G.h. Effect of chelating agents on the %rowth

ﬁ, gg;i in sea water. J. Bacteriol., 87: 483-499.

Kelly, S., and Sanderson, W.W., 1958, On the effect of
chlorine in water on enteric viruses. J. Pub. Hlth,.,
48: 1323-1334.

Kling, 4C., Levaditi, C., and Lépine, P., 1929. La pénétra-
tion du virus poliomyélitique 4 travers la mugueuse du
tube digestif chez le singe et sa conservation dans
1'eau. Bull. Acad. Méd. Paris, 102: 158-169,

Korinek, J., 1927. Ein Beitrag zur Mikrobiologie des iseres.
Centralbl f. Bakt. (Abts II) Z1: 73-79.

Kriss, A. E., 1963. Bactariophagaa in the deglha of the sea.
Marin T OEYe Pp. 284-287. iver and Boyd

Landsteiner, K., Levaditi, G., and Pastia, M., 1911l. Ann.
Inst. Pasteur, 25: 805.

Liefson, E., Cosenza, B.J., turchelano, R., and Cleverdan, R.C.,
%ggh. iotile marine bacteria. J., Bacteriol., §7:

Lund, E., and Lycke, E., 1961. The effect of oxidation and
reduction on the infectivitg of poliovirus. Arch.
ges. viruschforschung, 11(1 -110.

Lyman, J., and Fleming, R. K., 19#0. Composition of sea water.
Jde Mar, Raa.,‘i

Mason, T.0., and MeLean, W.R., 1962, Infectious hepatitis
traced to the consumption of raw oysters. An epidenio-
1031331 study. Am. Jd. Hygc, 22 90«111.

Mereh&nt, D.J., Kahn, R.H., and Murphy, W.H., 1960. Hanc
a) gan Gulture. Burgess Publishing ‘ompany,

7 nneapo?is.'

Moewus, L., 1963. Studies on marine par&aitic ciliate as a
otential virus Wwot‘o Jympoaium of Marine Micro-
ology. pp. 366-378. Thomas, C Sublisher,
Springfield. Illinois.

Orlob, G.T., 1956. Viabilmﬁy of aawa% bacteria in sea water.
Sewage Ind. wWastes, 27: 1147-1167.




42

Plissier, M., and Therre, P., 1961, Recherches sur l'inacti-
vation in yitro du poliovirus dans l'eau de mer. Ann.
Inst. Pasteur, 101: 840-84,

Plissier, M., 1963. Inactivation in sea water and drinking
water of certain enteroviruses. Arch., ges. Virusche
forschung, 13: 76-81.

Poh janpelto, P., 1962. Oxidation in thermoinactivation of
poliovirus, Virology, 16: 92-94.

Pramer, D., Carluceci, A.F., and Scarpino, P.V., 1963. The
bactericidal action of sea water. 3l un M

W. Pp. 567-572. Thomas, Cel. Publisher,

Springfield, Illinois.

Provasoli, L., 1963. Organic regulation of hgtOplankton
fertili £2100 “Inter-

ty. § hg % & o Vol. 2 De 16
science Publishers, Hew'Yark: ond on.

Reed, L.J., and Maench, H., 1938, A simple method of estima.
zégghg%fty per cent end points. Amer. J. Hyg., 27:

Report, 1959. Sewage contamination of coastal bathing waters
in Bngland and Wales. A bacterilological and egidamion
logical study by the committee on bathing beac
contamination of the Public Health Laboratory. J. Hyge.
(Cambe.), 57: 435,

Rhodes, A.J., and Clarke, B.M., 1950. Prolonged survival of
human poliomyelitis virus in experimentally infected
river water., Can. J. Pub. Health, 41: 146-149,

Rous, B., 1956. Hepatitis eplidemic conveyed by oysters.
* “"dvensk L¥kartidn., 53: 989-1003.

Rubentschik, L., Roisin, M.B., and Biel jansky, F.M., 1936.
32?01 t%gn of bacteria in salt lakes. J. Bacteriol.,
3248 Llw3le

Scarpino, P.V., and Pramer, D., 1962. Evaluation of factors
afrbctin§ the survival of’§g§§gg1§§;§ gg;i in sea
water. Lo Céftine. Appl. Microblol. Baltimore,
10(5): 436-440,.

Spencar,lga. 1955. A marine bacteriophage. HNature, 175:

Squeri, L., Ioli, A., and Garrani, A., 1961, Survival period
of the three types of ﬁ?liomialitia viruses in water.
An. Sclavo. 3iena., 3(4): LOl-hlh.



L3

Squeri, L., Ioli, A.,, and Garrani, A., 1963. Further studies
on the survival of poliovirus type 1 in various kinds
of water. An. Sclavo. 3iena., 5(6): 729-738.

ﬁver‘dmp H.U, Johnson, M.W, and Fl miﬂg R.He. 1910-2.
: PP lOé P;'etrice-ﬁall, ’Inc. ’ ’Naw Yoﬁgﬁ&

Taylor, A.R., Xay, W.N., Melean, I.W., Oppenheimer, F., and
Stimpert, F.F., 1957a. Effect of ultraviolet light
on poliomyelitis virus. J. Immunol., Z78: 45.

Thompson, H.M., 1950, Poliomyelitis in Auckland 1947 9. An
epidemiological study. J. Hyge (Camb.), 48:

Vaccaro, R.F,., Brig%i MeFP. , Oarey, C.L., and Ketchum, B.H.,
1950, Viad itzy of Escheriches _gm in sea water.
Am., J. Pub. Health, 40

Waksman, A.5., and Hotchkiss, M., 1937, Viability of bacteria
in sea water. J. Bacteriol., 33: 389-400

Wallis, G., and “elnick, J., 1963. Photodynamic inactivation
of poliovirus. Virology, 21: 332-34l1.

Weidenkope, 3.8., 1958, Inactivation of type 1 poliomyelitis
virus with clorine. Virology, 5: 56-67.

Wright, G.G., Hedberg, M.A., and Slein, J.B., 1954, Studies
on immunity in anthrax. III. Elaboration of protective
antigen in a chemically defined, non-protein msdium,

Jo Immmunol. 22 26202690

Younger, J.3., 1957. Thermal inactivation studies with diffe-
rent strains of poliovirus. J. Immunol., 78: 282-290.

ZoBell, C.E., 1936. Bactericidal action of sea waters. Proc.
Soc. Expe. Biol. & Med., 34: 113-116.

ZoBell, C.E., 1963. Damain of tha mrina micmbiolagtm;.
Sympos ine Microbjolomy s 3«25, Thomas,




	Binder17-
	Binder17incomplete
	a001
	a002
	a003
	a004
	a005
	a006
	a007
	a008
	a009
	a010
	a011
	a012
	a013
	a014
	a015
	a016
	a017
	a018
	a019
	a020
	a021
	a022
	a023
	a024
	a025
	a026
	a027
	a028
	a029
	a030
	a031
	a032
	a033
	a034
	a035
	a036
	a037
	a038
	a039
	a040
	a041
	a042
	a043
	a044

	17
	Fig1
	Fig2
	Fig3
	a010
	a011
	a012
	a013
	a014


	a053
	a054
	a055
	a056
	a057

