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;\"\Q~l. .fl.i""A

The :lnaetlvat1on rate of poliov1ru3 type 1 Wtaa deter­

adnGd in urltrerated sea water,and in seawater aan1.plea tht;;lt

'were Seitz-1"11terod, autoclaved. boiled, herJttedi~t ()()oO•• and

stored at room to:np8ri i'ture. All typos or trefj.t~;nQnt. except

£iltrat1on, increased the G'urvival t1rneoi'l the virrJ.$ ·()wr that

of untrEu:~ted .e'l water.

The r:U1jor chernical,8 in solution in sea ~lterGho\ed

only-slight v:trucidal propertiee when act1ng sing;l.y • hO'rlever.

\11th VJllriou.8comb1nat1ona a algnificnnt degree c,,£ lnaetiWttion

of the virtu) was ob.erved at loW' virus concentrat1on,s. but not

at hiEjn vlru,s concentr·f;;,tt1ona•.

The etfector Nconstituted eea lWater on inaetivut.lJ)n

ra'te c,t pol'lovirtls type 1 approached that ot natu~~18.a water.

Autoolavlng th.• recOtlstlt.uted ..rapl. in th1scaae 'prolonpd

t,he eur¥1vnl time (')f the virus. "n virus wa,8 expoeod to it

~il. boiling had noauch ettect.

Lyaatea

se~l water sh::n4ed increased Yiruc1d~rtl l)rGperties ~18 compr.nd

to reeonst1t'Jted ••a lGter recelving' no ::such tr-eatnlent.

(:Lv)



From these results it was postulated that the viru­

cidal property or natural sea water is tiltrable. Thi8

property o£ the sea water was pirt.ly due to the chemicals in

solution and partly to a heat labile substance of roarine

origin. Further work should be carried on to characterize

this substance.

(y)
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INTRODUCTION

58_ge :pol1utlon or .ea._ter haa been a eubj oct ot

increasing concern during the,~q.8t tew years. The cont,':uu1..

nation o,r sea-food with enteric orga.n1ama and the app:rehe'o..

8ion of contrilct1ns dieeas. tthroultLaea orr!wr btithinS aN

ther'Hlln ,pro'blefi18 under cone1der~lt1on.

Two epld.8tnlca ot infectious hepa.t1ti.s. tbe tirst. in

Sweden (EtoU8. 1956) • and the .econd in lUaa1ss1ppi and Alaba.­

rra. (l"on _Al't 1962). bave been round to be lJk.aoc1~1'tGd

'd!1ih, consu.mpt1on otraw oyatera. HO\4l8yer, evidence rel~ltlng

\C1ter-borno epld.~n1c di••a••• , like typ.bo1dtever or polio­

,nrye11t18. to .,U bath;1ng 1s atill l,Qcldng.

Ina review on po11orayeltt1s in relation to river

oothing. noyer and T1881er (19S0) lnveat:1SQted a totalot 767

po11Otnye11t1a ca.ea OCCUft"ins within aperlod ot seven yeara,

and ..re struck by the rarl~y ot a hiutarysuggeating any

11kelihoodof infection resulting tram bathing in polluted

rivers. 'fhoaiSon (19;0) ln atudy1n.g a i'Oliol:%!ye11tia outbreak

in Auolutlnd, r~.w ;;~ealn.nd. during the years 1947 to 1949.

noticedtbat d,1aproport1onatelyte. C~l.Ile8 c>t this diaea..

had occurredatcoaattl.l re.idential nreaaneii;U" the taain sewer

outfalla. where bathins 'was CQX1Ul0n .in thG £fl.1m1iler Iuontha.

1
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A oontrolled ,ep1demiolog1.oal atu.cly WQS c,arried 0\1t

during the years 19'3 to 1959 by a oommitt.. ot the )ledical

aeaea,rcbCouncl1 1nLondon, to detemillQ 'thenu;uber of polio­

myelitis ca8e8 &1l10ne; ohildren who werepc-n1~ltlent re.idents of

various eea.aidetown.. Da~a8upplied by thie CO!l~mitte.

provided no evidence relat:1ng bathing with cauaationot polio­

rt1'/ol1t1s.

It \'iJOuld be Na.onabl.toa&~um.e that a.s a ~e.ult of

aCC'Lmlulatlon in the coaatll,l areas or infeotious material

brour)1t in by e.wagG Qr by other tn.ana, th... would be a

great dOt'lger tor aw:lJllmers in the•• areas toeontraet diMs,ae.

f~.v.rth.l.St the relat1". paucity or diMas. Lwng Swialnll&ra

in pol.luted areasind1catt•• that1Nlctiva.t1on of infective

rnatter takes placeln the ••a by some means. 'aeton which

bring about, deat.h of bacterla1n as.age have 'be&n extensively

studied. but l.tttlework has yet been oarr-led out to detenni,ne

'the t~tG of infectious viral partial.. tt1iab enter the b~rthing

areas through s••lge or otherroutea.

The present study 1aa1z:~red Qt~ln aaSGjJ' of th.e vartou8

tactt:>ra ex.i.8tlng in natural sea wr;iter-a 1fb.idh ~~VJ,'1 int.act!V'dte

viNaes. In view or theprevslanceot poliomyelitis in

Lebrtlon and ita 1ncrea.••d. 11'lcidence 10 the count:r~r during

the past lOyo,Qre (Garabedian. Al., 1963). poliovirus ••

selectod for cf;lrry1ngon thea. studi.. 11urthermf!)rEt. the



ability of this virus to rema1n active when subjected to

variouaadverse enviroIlInental conditions, ~'flaJ{eS it a sui­

table infectious agent tor experunentation.

1



GENERAL CHARACTER.r:1rICS OF SEA~vATER

Th.e filar-ln. habitat, aa opposed to other raajor~:H'lb1ttlt8,

1achar(lcterized by its vast ~\lrea and lar-ge vo'lutne. its lo\~

content of ()J''gi::u'11c rtlatter. relatively high .,alinity. low tem­

perature and liilr~ pressure at great depths.

The Inajor constituente. excluslve or Blas.s. lItlich cona.

titute more thnn 9~ otthesalta in solution lnoful wa,ter are

the following: (Lyman and I"lemins, 1940)

CgnIJiU'lIDS
BaCl (Sodiwll chloride)

1~C12.6i120 (l_gnesiu."l chloride)
Na2S04 (Sod1urrl 8ult~lt.)

CaC12 (Calcium chloride>
KCl (Potaa.slum chloride)
f~aJiC03 (Sodluul bicarbonate)
KBr(Potaas1um bromide)

H3B03 (Boric acid)
Sr012t6H20 ~Stront1um chloride>
t'~f' (Sodiurfl, £luor:tde)

V,rwnIlKs­
2).416
10.635
).917
1.102
0.664
0.192
0.096
0.026
0.040
0.00)

A large nurnber or trace elanGnts ,8ome1n concentra­

tiona l.as than lxlO..10 rut/liter, make atot~ll ot O.O~ of the

.olide in .ea water. ;&1ny or thea. minor constituenta are

coneentratedsewral hundred-told or thousand-told in certain

marine plants or an:imala,thus their concentrtltion varies in

4
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H
He
L1
Be
S
C
N
o
F
Ne
Na

~
51
p
S
01
A
K
Ca
Sa
T1
V
Or
)tn
Fe
Co
N1
Cu
Zn
Ga
Ge
A.
Se
Br
Kr
Rb
Sr
y
Zr
Nb
:~

Tc
Ru
Rh
Pd

mg/L

108,000.
0.00005
0.2

4..8
28.
0.'

8;7,000.
1.)
0.0003

10,,00.
1,300.

0.01
3.
0.07

900.
19,000.

380.
400.

0.00004
0.001
0.002
O.OOOOs
0.002
0.01
O.OOOS
0.0005
0.00;
0.01
0.0005
0.0001
0.00)
0.004

6;.
0.12
6.
0.000;

0.01

Ag
Cd
In
Sn
Sb
Te
I
Xe
Cs
Sa
La
c.
Pr
Nd
Pm
3m
Eu
Gd
Tb

~
~
Tm
Yb
Lu
HfTa
'#
Re
08
Ir
Pt
Au
Hg
Tl

· Pb
Bi
Po
At
Rn
Fr
Ra
Ac
Th
Pa
U

mg/L

0.0003
0.00011
0.02
0.003
o.OOOs

0.0'

0.000;
0.0062
0.0003
0.0004

0.0001

0.000004
0.0(00)
0.00001
0.003
0.0002

9.0xlO·1;

3.OxlO-11

0.0007

0.003
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different water masses according to the abtmda1":rce of' such

factors (Harvey, 1955).

Although the salinity of sea. water, relllote from exter­

nal influences, such as t'uelting ice. large rivers,heavy rRin­

tall or exce8t~lw evaporation. varies with.in the rl:\nge of )31'

to 3&J~ , the ratios betwen the .major ions are virtually cons­

tant (ZoBell, 1963). The salinity values for Lebanese coastal

waters rneasured tor the year 1964 varied between )8.96% and

39.79% (George, 196sl.

The seasonal varitltlon in ternperatureof the surface

waters is least in tropical waters a.nd greatest intGmperette

zones. Unpublished data on the seasonal variation 1n tea­

perature of the Lebanese coostal waters indicate that during

the years 1962 and 1963 the minimum temperature was 15°0. and

the rnaximun1 3)°0.; the average temperatures tor the winter and

summer ul0nths were 1,,00. and 29°C•• respectively (Acra. 1965) •.

Below 200 rneters. ocean water haa a nearly constllnt temr1erz:,:,ture

at any epec1fiGd depth (Sverdrup.lS. Jl1,'., 1942).

The average pH value for sea water give.n by Goldberg

(1963) 1s 8.11.0.2, and the aver(.~ge redoX equilibrlum 12.S±O.2.

Qtgani;gQQG§titUln\1

There isconalderable variation in the qUEifltity as

well as in the kind of organicmatterprescnt in seel water.
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The concentration or organic matter ranges roughly from 0.4

to lOmglliter in the open sea and up to 100 mg/liter ill shall.
"

productive 'baye. From 60 to 85~ or organic liwtterexiste in a

collo1dalorother finely particulate state and less than 2;';

in a diasolwd state (Fox J1 .11., 1953).

Living cells. in.c.lud1ng plankton, make up a. 8insll

fraction (less than 1O}k~) of the total organ1 e ;ratter. A consi...

derablepart of the organic matter consists of relatiwly inert

substances such as hUU1U8, chitin, lit.'.nw, cellu.lose, complex

proteins and 80me partially decoIllposed cellular material.

Organic substances dissolved in 88& water include traces of

polypeptides, ~lriou8 am1no-acids , organic acids. certainsu­

gars. biotin. carotenoids, enzyllles. niacin t thiamine and

cobalarnine. The orga.n.1c content of seawater is in a con....

tant state of flux due to the metabolic activities of the

biota (.ZleBell, 1963) If

JjQmaJ, 13ackGt11J, flQD\
Despite its low concentration of organic ma.tter. sea

water supports a considerable bacterial biomass. In the

littoral zone where biological activity is usually most intense

colony counts commonlyindic,ate the presence of from 102 to

103 bacteria per r;]l. or water. Bacterial POPu1!1t10l'ls or lesa

than 1 and up to 108 perml. have also been observed; the

lowest counts are encountered in the open ocean parti oularly

at depths greater than 1000 meters (ZoBell, 1(63).
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According to Ber£:l!Y's Manual of Determinative B;;acterio­

lo{,y J (1957) .~.. ,... (,;roorg:::~.n.i sns obtained from the marine habitat

bclo:')f;;;'o tliu class Schizomycetes of von Naegeli and are dis­

tributed in the orders: Pseudomonales, EUb:::1.cteri~Jles. ;~ctino­

mycetales. Begs1.otoalos. l,lyxoba cteria.les, Clnd Spiro chetales

(Breed .G l;ll., 1957). The number ot bacterial species or
marine origin given in Bergey's Manual is 18::3, constituting

12% or a total number of 1550 species belong.ing to theclnss

Schizomycetes. Of lS8 genera in the class Schizomycetes, 59

contain species 1iving both in marine environment L"ind on land.

The b~lcterial flora ot pure sea water is pred ominantly

gram-negative with a varying proportion of motile and non.

motile types. Lie£son..ti. U. ;1 (1964) I during a study of motile

mr..rine bacteria isolated from the waters of the Lonf Island

Sound, Rarrangansett Bt:ay and Atlantic Ocea.n, observed that the

great majority of the b:1.cteria isolated had polar flagella,

fermentative abilities. laere non-pigmented. and gr,:iUn-l1egative.

The non-motile :Lsolatee numbered the same as the motile

isolates, but on storing the 'Welter the percent:::.lge of:not11e

isolates increased. j~otile gram-posltiva 00ctarit;a , in elUding

spore-formers were found to be rare in S8lii Wt~ter and intes­

tines of nk:.trine animals but very prev~lent in bottom raud.

Among the total isolates. y ellow-p-igmented, rosette-forrn.ing

and luminescent bacteria were also ldentifiocl.

\.
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Conditions in the ••a are relatiwly unfavorable for

growth and rnult1plioat1on of many forms of microorga.nisms.

This is apP~J.rent trom the fact that in the open areas of the

eeas and oceana there is comparatively little diversity of

microbial species than on land (ZoBell. 1963; 'i1~aksman.&.81.,

1937).

Bi;ter1Q~ag, CQnttnt of Sea Witl£

'fhere have been a number of inva~~tigcrtions concerning

the exiatonce in sea wuter of ba.cterial vlrueeo. 3everrll

investilJltore have isolated b(.~c'tar1ophage8 active aga..inst

E,sbertghcLi ~t P"ugom9nU1?YRgyanli, :J.bM:tJ,)& gYI.ntll:iu

and the typhoid grou.p of bacteria mainly from harbors, and
#

coastal areas (D'Here1.1e. 1926; Guelin, 19S2a.,b; Carlucci

.& AJ..., 1960). Bacteriophages of 'the lwninescen't bacteria

were isolated by Spencer (195,) frorrl sea water, collected 10

miles otf Aberdeen t Scotland. Thi8 bacteriophage had a lytic

action on bacteria. at 0°0. It leo£ interest to note that

lys1s ot the bacteria did not take place when the salt concen­

tra.tion in agar was belo,., 2-JJ'. Krisa (1963) showed the

presence otbacteriophages at grea.t depths, in the hydrogen

sulphide zone of the Black Sea and in the bottom deposits.

i!i!Jjt,r~g;LsW-.1.,J)I'QPI[t:i.2f §ea Wat'E

Sea water has bean fGund to be di$inetlyb~lcteriei-

cial to sewage orgtmisTls (Greenberg, 19'6). Studies on the
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aUM!valor fresh_ter and sewage bacteria in the sea have

concluded that wide variety or factors are responsible for the

rapid decline of these bacteria in sea water (Greenberg. 1956;

Orlob, 19)6; Wakeman, 19)7). The phyoical. chemical and

biological factors postulated to explain this phenomenon in­

clude: the destructive action of the ultraviolet rays ot

sunlight (Gaarder and Sparek, 1931); the adsorption and

sedimentation of microorganisms (Rubentsch1k ~.i1., 1936) i

the lack of essential nutrients (Korinek, 1927) ; the presence

ot destructiYe bacteriophage (Arloing.&..il.. t 1925); the

utUizat10n or m1croorga.n:lsma as food by protozoa (\V'aksma.n

.It 11. f 1937); the presence of' toxic substances (ZoBell. 1936) t

and the osmotic shock caused by transter of the cella troman

environment of relatively low ss.llnity to one at hitj} salinity

(Pram.. and Carlucci t 1963).

Sea water treated by boiling, autoclaving. pasteur1­

zing and ohlorinating has been found to sutter a loss in ita

bactericidal activity (Vaccaro .I.t .i1., 1950). Pramer(1963) ,

studying the survival ot 1. .aa111n un~rea.t.d filtered and

autoclaved prJI't1olUl of a.a water observed that. in most ot

the samt4es, the orga.ni8ma died more r,~pidly in untreated

than in autocll~ved or .filtered \mter. This propertyot the

untreated water was possibly due to the presence in tater of

competitors and predators. In. two ot 81x samples the surnval

time ot i.• .s»J.! waa the same in fl1trered f::lnd autocla.ved waters.
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In four of the salnples 1.~ survived considero,bly longer

in autoel,fiV'oo water than in filtered water. The beneficial

ettect of autoclavingon the survivlll time o:f bacteria in eea

\tJlter is possibly due in part to the int1.uence of high tern­

pera.tures attained during autoclaV1ng, on the phyaico-cherniea.l

characteristics of sea water, including the redox-potential,

concentration ot dissolved gU•• and ionic equilibria. (Pramer

nJJ.•• 1963). Jones (1964) andScarp1no (1962) showdthat

heavy metals in sea water restrict the development of 1. ~.
By a.dding a variety ot chelating agents to sea \1ater this

toxicity was reversed.

That biologica.l .t"aetors play a major role in the

enhancement of 'b-"lctericidal propert.iea of the sea water, baa

been demonstrated by Aubert .11 11•• (1964). For exaraple,

while studying the antibiotic capa.c1ty of phytoplankton, they

observed that in autoclaved sea water se'ftl¢lge bacteria proli­

ferated rapidly, \.mi1e in the presenee ot cldded phytoplankton

the sum~ll time of the bacteria was reduced to about 144

hours. The authors have also shown that the antibiot:Lccapa-.
city of phytoplankton \"AS totally abolished by heating at

110°0. tor one hour.

Antibiotic production in the sea by marine b(;tcteria

and algae, has also been reported (Provasoli, 196). The

act1vity or various species or sea weeds 'WaS found t,o vary in
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different mQDths. l~st ()f the sy)seies tested 'Were .more

lOOibitory to Gram-posi t1ve bacteria than to Gram-nee~ative

bacteria.

The mechanian1 ot baeter'le1dfll actiono£ sea water

still stands ~~ a complex phenomenon. The results obtained

by various investigatomare :tnconcluslva lind the toxic

ta.ctort~ilich presurMbly exists in the sea water ('~oBell.

1936), haa not yet been identified.



The survival otpoliornye11tia virus in difterent kinds

ot natu.rf:Ll waten has been 1n.Yest1gated as early 8.8 1911 \Vt18%1

Landstein,er _.11. ob30ned that poliomyelitis virus in the

form O:f~l suspension of m·onkey cordrew.aintdin.:tectiw for :&It

le!ist :£d, month when diaper•.ed :Ln tap water l~nd stored at· roorrj

t er!l~rature •

'Kling a.i1. (1929) reported that a susI>eru5ion ot

spinal cord intected with poliomyelitis viruain t~lP water

survived tor a.t least 114 fda-yast 1'001'11 ternperature in the dark.

NQ mention 18 rnade by thea·. workers about the concentrtlt1on

ot the virus 8uspe,n,slon or the char~lcter1st1caot the water

Studi.on the survival of po11oviruain river water

were c8.x-ried out by Rhode. -.. Jll. (1950). J\ dUution of the

stool of a paralytic child was made in river water to a final

concentration ot 1:200, and the prerarpttion atc)red at 4°0.

The virus 'W68 48$&yed by cerebral inoculation into rIlonkeys.

Infectivity __ lost in 'the aamplebetwaon 6 and 7 month.

a..rter the start of G)(periln$l1t.

SW-Y'lVG~l ot pollov1rue in distilled water. spring

_tor and '\tell water wae etttdied by Squer1 Sit 11- (1961). The



original concentr€~tlon of virus w:us 10,000 tntective doses

(ID) per l:1ter as te8'ted by tissue culture technics. The

8urnvl'l1 t11'nee for the three type. of wa.tera cont#J..inin,g poUo­

virua type 1 (Brunhilde et:r~ftln) f were 140 days in d1at Uled

'Water. 100 daye in spring water and 48 days .1n ..11 water.

The .ffect of living bacteria and b<::u:teria killed by

heat or by repeated tree.. thawing on pol.iovirus type 1

(Brunhilde 8trtlln) WIl. studied bySquen -..i1,. (1963). They

oboorved that living bacteria such as 1.~ and Klebelella

ap. did not atteettheaurvival of theviNB in dIstilled,

spring orwell waters. However, the additionot heat killed

.L.. £2U to low conoentrat1ona ot virus reduced the survival

tlrae c,f the viNa. Further studl.. on the ettect ot diBtUled.

spring and well water on different concentrations ot virus indi.

cated that survival periods in all three types of ltaters ......

positively related to the concent,ratlon of the virua. ~11th

lxl07 intective doe•• per liter, the virus $urriwd t'or 133,

84 and 56 days r.8p.ct1Y~lyin d.itterent types ot _tor. while

with lxl04 lntect1w do.e. per liter th, .urv1...~l time -.. '6,
2S and 21 daya. Virue 8urviwd langeI' in well and spring

__tEtra that wereater111zed.

Sea· water was found to exert anunt~lvomble ert'ect on

.nteroviru.... Cioglia A &1- (1962,) ,observed that the aelt

puritiC!ltion effeet 1n ••a -.ter -.. ~atGrthan in river
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water. Thus the aurviv-al time of enteroviru.se8 <it 2;°0,.

dropped to a minirnwn of g to 1S days in sea. water :and 15 to

30 days in river water. It was a180 observed that generally

the virusesrss18ted inactivation better at lower teraper::1tures

(S-lSoC.) than athighor temperatures (20-30°0.).

Plis,81tr and Tberre (1961) reported that the inactiva.

tion of po11ov1.rua type I Mahoney 1n sea water and drinking

water depended on the original concentration of virus. In, sea

water an original concentration of 10' TOD50 ot virus per ml.

was totally inactiVl1ited 1n )0 days. 1ttlile a e()neentr(~.t1on ot

loS TeDSo per ml. lost 1.7 log units. during the sanle period.

Samples were kept at 17°0. in a water bath. The inactivation

or poliovirus!11 l~elnickts lactalbur111nmedil.L'1l, however t did

not depend on the initial concentration of virus. Each ooueen.

tr<lt1on a.fter 30 days lost a titer of Olle log unit.

P11881er (1963) rej.')orted that poliovirus type I (.M.~honey)

at an initial concentra.t1on of lOS LDSO per rU. WIle found to

eu:rrlve for 9 months in 14elnick f a lacttll.bumin rned1um, ; rnontha

in tap water and .3 months in seawater at a teraper'$!.ture ot

17°C. At a concentration at 103 LDSO per ml. the corresponding

survival. tirnes were 3 month. in Melnick's lactalbtLllin medium and

one month tor both tap water-.nd aea w.ter. Tap water con.

tained chlorine and ozone.



UF80TS OF VARIC)US CHE.\UCAL AND PHYSICi\L

ON POLIOVIRUS~a

Jif al"~Am=.
The poliovirus group 18 known to be tUrlong the hard:test

or all knO\m animal viruse., theatjiilbU1ty rani~ in acid and

alkallnemedia being trom pH 3 to pH 10 (Gard, 19;'). The

virus ra.p.1dly losea1nteet1vlty 1n more acid or alktll1ine lnedia.

lnilS~yatiIll. RX liliS

'toungor(19S?) carried out therrDal 1nacti~it1on e>:peri-

;;l'lent8 on ditferent types or po11ovlruaat 50°0••.nd 36.;°0.

He noticed etn.,,,:1n d1ttenrloee 1nregard to inactivation at

,ooe. arh.mean percent infectivity remaining attel'* 1 hour ot

heating waa ~ Eor type 1, lJ6tor type 2 and O.lJ' tor 'type

3.jji~or type 1. infoctivity waa reduced to O.OOO~1n12day.

at 36.SoC. The tnact1vat1on rate at this temperatu.re \••

slower tor the other two types.

~B1::ilgigt~QDfl1ilAtiLll

Lund and Lycke (1961) 1nveat1~1.tedth.ettect ot

alterations 1n the oxidation-reduction potential on the it4acti..

Yat10n ot type .3 poliovirus. They observed that at redox

potentla~s ot-2;O to +200 mUlivolta the r.flte ot'riruainactl­

V"~tlon was the 8&:11. as in phosphate bufter. The 1x'1&ct1va.tion

rate 'was enhanced at potential. above 300 millivolts. The

16
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oxidizing agent used WQspotaasium-perman~'1nate.

6rL~d!itiQD iDd· LiY4t

Poliovirus \'Ia.8 found to be inactivated by ionizing

irradiat1anand ultrliviolet light the maxiruum ef:t~eet being

obtained lli th \«ivelengths or about 2760 Ao• (F08'1. 1955.

Taylor, 19;7a). Wallis (196) s'tudying the ph.otodynarrtic

inactiva.tion or pol.iovirus reported that virus free 0.£ hetero­

cyclic dyes 10 light resistant.

Chlmi~Jr.1

The inactivation or poliovirus by chlorine has been

widely investigated (Weidenkope, 19;9; Emerson AtaJ... t 1940.

Clarke .I.t &1., 1964). KaliYA il. (1958) reported that at

pH 7 and 2;°0. a minimum tree residual ch.lorine concentration

of 0.3 ppm and a contact period of at least 30 minutes were

required to inactivate enteric virus.ea.

Lund (1961) reported that chlorine compounds 11ke

hypochlorite and chloramine owe their v~rucidal act!vity to

their oxid1zingerrect. Chloride ion tb1ch is the major form

of the elernent in sea water haa nQ virucida.l effect (Kelly

J&. .i1•• 19S5). Likewise, eleaHJnt,ary iodine is a. rapid devita­

lizing agent. However, 1- and 103- have little or no demon­

strll.ble etrect on poliovlruses(fJerg .11 ..il.. t 1964).



The J.D. IUrn resistance of poliovirus to various

chemical agent.s has been studied by Edwin .I1.. !J... (19;5).

~vith1n 2 hours at 37°C. the tollowing lnininia.l doses ofchemi­

cals were found to inactivat. poliovirusea:

Copper sulfate

lwiercuri. c chloride

3tannicchloride

31nk sulfate

Ferrous iodide

Ferrous sulfate

UraJl1um acetate

0.03 grn/1OO rnl.

0.005 f!jl1/100 ml.

0.17 gm/1OO ru.
O. 28 f1tJ1OO ml.

0.3 f!JD!lOO ml.

0.28 f!JD!lOO ml.

0.1,.2 f!JD!lOO ml.

inactivated 20 ID (IC monkey)

inact1vated 20 1D

inactivated 20 ID

insetivated l' ID

inaotivated 20 ID

1nactivatect 15 ID

inaet i V"ated 15 10

The <.:oneentrations of theae chemicals by tar exceed those

observed in natural sea waters.



W\TERIALS AND lliETHODS

§H Witll:

Sea linter samples were obtained in sterile nasks from

a $Qlected spot along a rocky CQast in Beirut, far from £tny

sewer out£[ill. Samples were collected on calm .mornings near

the s'urfnce of the sea and all deterininat10ns ware initiated

within 1 hour of collection.

Attempts were !ntide toconstltute the sea water arti­

ficiil11y following the data presented by Constan (1956) for

Beirut jeawa.ter.

C9~pQ§~ion or a'iryt ~,aWi~,r (Constant 1956)

Water H20 96.38%
Sod11.h'1l chloride NaCl 2.8%

Potassiurn chloride IC1

!49.gnesium chloride 1~gC12

Ma.gneslum Bulfate MgS04

Caloium sulfate.. · CaS0
4

Calcium c,::lrbonate CeCO)

o.oSClL
o. )?')&

0.23%.

0.14%

0.013%

The sea Wflter W'dS also constituted artificially using

values reported by I.tyman and Fleming (1940) J (page 4), but uti­

lizin.g a ·~ti/V basis.

19
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St,andard l:lnalytiereagents wre used for both pre.pa....

rations. NaCl, ICi, l{tgC12' lJIg304 , liaF, lt1a2S04 • H)BO), NaHCOj

were obtained trom the Ivlerck Chenlical Labor~l,tori.$, Germany;

CaS04 frOII1 Hopkin and'Wil11arns Ltd., England;CaCO" trom the

British Drug House Ltd. t Pool•• England. SrC12 _ KBr trom

2·1erck Laboratory CheraicalsjNew Jersey. U. S. j\.

The solutions were sterilized by filtration thz"Oug)I

Seitz pad type EK or autoelaved at 15 100. pressure for

lS minutes.

~gJ.YMtrml gt CbMl~Cf';J.1

a. ;:J.kUY,e CUItUClU: Solution. of the majoF chemicals present

in sea water were f,>Tepared in distilled 'Water using the

same amount of constituent 8.S determined by: Q.Qllstai (1956J' for
.'.. ~.~. i

Beirut sea water. A 4fcaollltion of NaCl was also prepared

in distilled water. Sterilization ot solutions was carried

out by autoclaV1ng at 15 lbs. pressure for 1; minutes.

b. Qqriblotsl. Cl~.».~t Groupings of the, va.riou$ major chemicals

in sea wter uein.g the data ot Constan (1956), were prepared

a.s follows:

Group 1. NOlOl ....... "' • ., " " ...... " ,. ..... '" .. • .. .. .. .. .. •• 2.8 gm.

ICl " '" \* '" ' • .. .. • 0.08 @;lll.

I~C12 • • .. • • .. • • .. • .. • .. '" " .. •• .. 0.37 •

DistillEJ1 water up to 100 Inl.
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Group 2. 11l'1gS04 '" " " ••

CaS04, • • " •

Distilled water up to 100 rnl.

0.14

Group 3. NaCl

KCl

... .. .. .. ... .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. ..

• .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. II • .. .. .. .. .. .. .. • .. .. ..

2.8 gtn.

0.00 gm.

:r4gS04 • • • • • • ..

Ca,S04 • '" • .. • .. I .

Distilled wa.ter up to 100 !I'll.

0.2) gin.

0.14 gm.

Solutions were sterilized by autoclaving at 15 lbs.p'rGssure

tor 15 minutes. If not used lm.118d.ia:tely they were stored
oat 4. c.

t:iJatrAAo, frgtn 51Ar ~~la!t,r Bijq1f,rii

A 100 nU. amount of freshly obtained sea w(:iter was

passed through a m111ipore membrane filter to collect all the

bacteria. The filter pad was placed in a nutrient medium

containing various salts, amino acids, thyalliineand pyrimidines

(Wrights, 19'4). Turbidity was observed in the medium atter

an incubtltion period of 1 day at 30°0. A ~;ram..stained srnear

of the culture indicated the presence of gram-negative rods.

Incubation 'WEl8Continued for another 7 days after ltlicl1 the

culture -.s filtered through a sinterect glass filter. The

filtrate t assumed to contain bf.ncterial autolysate-a and other

products was used immediately after prepar(:a.tion.
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1m' §1<x:aiD
The poliovirus type 1. a.ttenuated 3ab1nstrHin. kind.ly

supplied by Dr. 1.'. Frothingham, Tulane Un1vers1~ School of

Medieil"Hl. t~ew Orleans. was used throughout these experiments.

For stock virus preparation O.5ml. of virus suspen­

sion was inoculated into bottles of monkey kidney monolD,yer

cell cultures. The bottles were incubated at 37°0, for '1 hour

to allow virus adsorption on cells, 10 ml. or rnaintenance

medium was then added find the bottles re-ineuhated. After

complete CPE had occurred (cCIIl:'t'l.onlywlthin 24 hours). the virus

&uapension\1a8 harwated t centrifuged at 3000 revolutions I:iGr

minute for S minutes to remove debris, tested for sterility

and. stored at _70°0, until use.

!J9aisex KJaDrIX geUC~lEIl

The continuous monkey kidney cell line available in

the Department of Bacteriology and Virology, Americc~n Uniwr­

s.ity of Beirut was kindly supplied by Dr. Chu ot the Le~'lnese

Government Laboratories at Funar.

fj·Y3Cr:l tnt r:Dd6.Wn

La,ctalbumin hydrolysate (0.5';) in :aSS • • • • • 80 nll •

Eagles solution 101 .

Glucose (10'~) " • •

Calf seNm •••• ' , , .

lOrnl.

5 ml.

15 rnl.



Penicillin

Streptomycin

2)

• • • * • • • • • • • • • • • • • • • • • • • • • .. • • • • • •

......... .. ....................
100 unitsll~I'il.

100 \4.r;n/ml.

Sodiu,m bica.rbonate (2.S%) t a sufficient quantity added

to produoe a pH of 7.4.

The rnetiium was filtered throUr)l Seitz f.iltertand

incubated. for 72 hours a.t 37°C. to test tor sterility. Anti.­

bioticswere added just before use.

!i\~ntIDiPSIt iildiWi

LaetEilbwn1n hydrolysate (0• .5~) in ass .... .. 9.. 0 1"'".t,.;.!.L •

Glucose (l~)

3tr<Jlptornycin

Calf serum

Pe:rlic111in

••• ..... •• .. .. ...... •• • • t .. " •••••

·...... ..... .. ........ .. ..............

·........ .. ... ... .. ... ..... .. ...... ......
....... ........ ... ......... ... .. .., .

; ml •

5 ml.

100 unitslrU.

100 ugrn/nu.

Sodium bicarbonate (2.8"%) t a sufficient quantity added

to produce a. pH of 7.4.

AIir-9DtJ.a.y ~JgcU.]ill

Lactalbumin hydrolysate (0.5%) in B~S .

Glucose (10%) · 1# '" ...

Calf serum

Agar* ( (1l' )
, b

·... ... .. .... .... ... .. .. .. ... ... ... ... .. ... .. . .. ..

·... ... .. .. .. .. .~ .. .. .. .. .. .. .. ... .. ..... .. .. .. ..
p ..•

85 ml.

5 ml.

10 I'nl.

10 rol.
I'I'J. ,',~

*Purified ctgar for tissue culture use 'NElS obtained trom
Dileo Laborcltorles f Detroit. Michiga.n. Agar, 6 gnl. t
t«t8 dissolved in 100 ml. distillEd water by boiling
dispensed in 10 rd. alnounts in screw-capped tubes and
autoclaved at 15 lbs. pre8~nJre for 15 mInutes and
stored at 40C. Just before use the ag:':tl" was mel.ted by
heating in a watt:Jr bath.



Fen i ci.111:n •••••• lit '" • II .. .. • lOOunitalC111.

Streptomycin ... .. .. .. .. .. .. .. .. .. .. .. .. • • .. .. .. .. .. .. .. • • .. • • • .. .. 100 ugm/rnl.

Sodiwn bic<3,rbonate (2.~), a sufficient quantity a.dded

to produce a pH ot 7.4.

"'DIs', BilwlQlsi ~Mt S9~u1l1on (@3St (t4erchant !.1i ,il. t 1960)

S3C92iSOJ.Yt~rm J,.Q6

Solution A.-

NaCl

KOl

... .. '" .......... ...... .. ... .. .. .. .. .. .... .. .. .. .. .. .. .. ...

.... .. ... .. .. .. ..............'" ..... .... .. ...... .. .. .. ..

so.c gtn.

4.0 gm.

1~S04. 7H20 • • • • • .

Glucose .

K112P04 • • .. • • 1/1 • .. • • • • .. • • ..

Distilled \\fQter up to 800 tnl.

Solution B.-

CaC12 '" • • • • ..

Distilled water up to 100 ml.

Solution e.-
Ph,e!101 Red • .. • .. • .. • It .. .. • • • • • • • II • • • • .. • • .. • • to •

Distilled water up to looml.

2.0 gm.

0.6 gm.

10.0 L~.

0.6 gm.

0.2 gm.

The three ~'~olutions are rnixed and pntserved with

3-4ml. of ~~lorofonn at 4°0.



Y!2DQn&~~clSt.•~.!J,.t. ~Q.y~19D

The tllOrking BSS W8 prepared by diluting lOX stock

as:3 with distilled water. dispensed in screw-capp«i bottles,

and autQcu~Yed. at 120°0. and 15 lbs. pressure tor 15 fi'linuteS.

The pH was adjusted to 7.4 with 2.8" sodium bioorbonate.

ltigtaJ,l?wll1n l'lld·rPJ.xaatl· - BUinCtsi;i&J.1(Sg~\il1i!sm

La.ctalbwnin hydrolysate, 0.5 gm., V;:18 d1a~olved in

100 mi. of BSS, dispensed in screw-capped bottles and auto­

claved txt 15 lbs. l:'JX"8ssure for 15 minutes. The pH was adjus­

ted to 7.4 with 2.8'1' sodiUTit bicarbonate.

§AgllII TO l~g~ym

Constituents for Eaglets medium were obtained in polC'ler

tonn in vials, as TO vitamins, TO 8lnino acids and TO gluta.mine,

S'~tf'rorn Dii'"co La.boratories Detroit t !Jach1tran. U.3. •

TC Vitam.ins ....................................... 0.10 gmt

TO Amino acids •••••••••••• " •••••• " ..... " • • .. .. 0.22 gal.

Gluta.m.ine S% ••••••••••••••• ""••••• "", ..... "•, 6.00 rd.

Make up to lOOml. with BS3 and stored at -20°0. until

used.

Dextroee , " Il' • ,. " ' " .. " • lOgm.
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Distilled ~~ter up to 100 rol.

Autoolaved at 15 1bs. pressure tor 15rninutes tmdstored

at 4°0.

Anll\12.j.1~111

Penie:111in 10.000 units and 10,000 ugtl1S of streptomy-

cin per In!. in sterile hi-distilled .iter \'>lUre distributed in

2 ml. amounts in screw-capped tubes and stored ~lt _20°0.

GKr~ SgJ.yi1011

a. FOrlnula for lOX

• • • " • " if if if • • if • • • • • • • • " if • • • • " • .. " " • • • • •G1UC08e

Sodium c..~loride • • if " • • • • • • • • • • • • • • • " • • • • • • • •

20 gm.

160 gln.

•••• ., .... " • if ••• " • " • " ••••••

Dissolved in 2 litera or b:1.-dist111GK1 water. Phenolred

1%. 40 ml. and 6..8 ml. of ehlorofonu were added and the

mixture stond at 40 0•

b. Working Solution

The stock solution was diluted lO-fold with dis­

tilled water, autoclaved at 15 lbs. pressure for 15 minutes

and stored at 4°0.

~

Trypsin stock solution (1 :250) 2.51' in .isotonic saline,

-.. obtain«l in vitl.ls trom Microbiological Associates Inc.,
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Bethesda. Maryland. Working solution for dispersing rnonkey

kidney cells \faS prepared by diluting the stock solution to

O.2S~t using GKN, pH 7.8. aa diluent. It was stored at _20°0.

Cal.{ StmB1

Calf blood was obtained from a slaughter-house near

Beirut city. Arter 2-3 hours or storage at room tertlperature

the clot was broken and the flasks cont~11nlng the blood were

stored overnight at 4°C. Next day the serum 'NaS separated

from the clot by centrlfuption, filtered throU@,l Seitz filter,

inactivated tor 45 minutes at 60°0. and stored nt_20°C. W1til

use.

Neutralization testa with poliovirus type 1, were

carried out o·n the serum iota according to the ,method described

by I"'rchant ~.i1. (1960) and Godttred.en and Von KagrlUS (1.959),

with some rnodificat1on. Equal amounts, 0.3 ml., of dUuted

(1; S) and 11'lacti 'Vtit·ed serum and 100 TeD50 ",iNS were m.lDd and

kept tor 1 hour at roorn temperature for neutrLllizat10n to

occur. The mixture W"dS then inoculated' into 2 cell culture

tubes using 0.2 rule amounts for each tube. The tube5~lere

incubated for 30 minutes a.~ 37°0•• after which 0.$ nll. of

maintena."lC0 medium ~s added to Gfu::h tube. They 'N!re then

re-1neub!tted in an inclined pos:ttion. Uninoculated cell cultures,

virus inoculated cell cultures and call cultures eontaining

serurn a.lone 'Were ke.pt as controls. Only those serum lote ti1ieb
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were tree of neutralizing antibodies ~re used in the prepara­

tion or maintenance media.

Jai'lJrlitl
The tissue culture tubes and bottles were obtainld from

Kimble Glass CoulpanYt U. 8.A. Sterile screw-capped g.l~1.8 bottlea

of 200 mi. capacity were used in all experlulents unless stated

otherwise.



U.Yr:I~~D iwll:t1hrlal

a. T~I. f~~l'lgi t Stock virus suspensions tlnd virus in test

801ut:Lons 'Were titrated by inoeul·a.tion of 0.1 ml. a.mounts

£rom each of lO-,told dilutions of virus, 10.1 - 10...$ t pre­

pared in Hank t • balanced salt solution at pH 7, into monQ­

layer 'tubes ()tcont1nuoua monkey kidney cell cultures.

Vires \Ct. allo1l8d to adsorb on oella for JOminutee a.t ,,,00. t

atterfAtlich 0.9 rol. of maintenance r.nedi. urn was added and the

t·u'be8 re-incubated in an inclined position. Uninoculated

cell culturea and virus inocula,ted cell cultures were kept

as controls. Readinp 'Were done on the 6th day and the

titers calculated according to the method described by

Reed and 1~1uench (1938).

b. Vaigy" I('.~lU?Ji: The methodologyot the plaquetechnlque

empl,oyed in these experiments was eS8ential.ly tNlt of

Holland and l1'*1cLaren (1959) with 80me modification_ Mono­

layers of cont1nuous monkey ltidney cet1ls in rectangular

.crew-oapped gla•• bottle. of about SOml. capacity 'Were

_shed with Hank'sBSS. pH 7, and inoculated with V'd.r1oua

dilutions t 10-1 - 10.8 • ot virus su.spension.The bott.les

were incubated. for 30 f£linutes at 37°0. after whiCh they were

washed w~"h Hank'sBSS, pH 7, to remow unatt~lcl1ed Virwll,

and overla:i.d w1th 5 ml. of lna1ntenance mediur~]co,nta1ninl

29
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o.f!J1; agar. The cultures ware n-incub9ted until devrdlop.

ment ot plaquee OCculTed, generally \'iith1n4S-72 hours. At

this st;ilge the rnedium was poured off the bottles. IJlono­

layers were then washed with O.9JJ,· aaline and tixed and etained

by exposure tor 2 minutes to dye solution (J$~ cryst;;~ violet

and 2~ ethanol in diatUled water). Excess dye W18 rinsed

ott with tf,1.pwat,er and the plaques counted.

l.~qad and !JJJWJi'Dd &i~'iiMgr ao4...f9.UQurgs
To determine the effect of !n1croorganisrra1n sea water on

the inactivation rate ot poliovirus, lSO ml. amounts of sea wa.ter

eu.mples wre filtered throu.gh Seitz pad type EK to reznove bac­

teria, other microorganism.s and any particulate matter. The inac­

tivation rate of 103 TCD;o/ml. otpolioYirus contained in looml.

a.mounts ot the filtrate was determined at 2SoC. Unfiltered sea

W'~tert 100 ml.amounts, containing the same axnount ot virus were

ueed as controls. Determinationa of the virus titrea. usin.g

1 mI. ofeaeh specimen. were carried out once every day by the

tube titration method.

The~'lcteria in fresh saraples or sea water -were counted

by making lO-fold dilutions or sea water in sterile distilled

wa.ter and incorporating 1 mI. ot each dilution with nutrient

a.gar in Petri plates. The colonies were counted after an incu­

bation period of 48 hours at raOUl temperature. The number of

eountsvarieti from 180-2,0 bacteria p.. ml. of sea water.
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,§!a,:~~§t'E 011 lin!Qill§. ind poJ..i9X~;('gI

a. Snwe.J.t Cbt't.l.i caJ.1: 'To test tllS effect 0 r sea \'ltlter Cfu~rtllea18

on poli()v:tr\lS, the lnactivt:l.tion r~')tc ()f 104 TCD,c!lril. of polio­

vlnw contained in 100 ml. a~nowlts of each solution was doter­

rtlirJed ~lt 2,oC. Virus in each sarnple Vd.S titrated t using 1 ml.

amounts t once every 2 to 3 days for the f irat month and 011ce

every week for the fol.lowlng month by the tube method. The

inactivation tilne of lcl+ TCD,o!ml. of virus in 100 ml. of

diet 11100 lster was taken as control.

b. qgtnlrJ.neQ Cbli'i!SiJ.l= The .flect or combination of the major

chenieals in sea lGter on two ooncentrations of: poliovil"'US

-.8 tested. The inactivation rate of lcf TCD5c!ml. and

103 TCDSclmJ.. (Qr lcP PFU/mJ..). contained in 100 ml. amount.

oftsolutione ot each group ot chernicals was determinai at

2,5°0. Virus titrutions using 1 ml. amounts of each sample

were carr:led out by the tube or plaque method. Determi.nations

ot the inactivation rate of both eoncentr,:ltions of virus in

sea water and dist Uled 'Water wen carried. on simultaneously

\(dth the tests.

Art~t;t.IAAl St8.·Wat!t ling f:q,U ox1r:Yl
A ciom.parison elf the virucidal effect of the filter ateri-

lized, artiftcially constituted seft W'd.ter iona t::tccoming

to the data. of Oonstan (1956) and Litrnan and ~"'leming (1940). 'WaS

carr:ted out. The inactivation rate of 106 Pl?U/rrJ.l. of polionrus
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contained in lOOml, a.moun.ts of each solution Wet.S deteni1nedat

25°C. Virus titrations using 1 nll. or eacl'l sample \\Q1"e carried

out once every 2-3 days by' the plaque method.

The inaet iV<1tion rate of 106 i'1't\J/!tll. ot" poliovirus in

100 ml. aUlounte e)f sea water and 2.S1~ and 4% solutions of NaCl,

was determined aimulta,n$OUe.ly.

Irlit'; titi J!1ajil£ PrlPlritia2DI Ina .P2J.is>x:Lml
To test the etlect ot heat or aa1ng on thevirucidul

efficiency 0.£ sea water, freshly obtained sea water aaznples were

treated as follows:

a. Boiled tor; illinutes to destroy. if possible, the toxic

substZUlceS assumed to be present in sen, W"~ter.

b. Hea.ted at 60°0. tor)O rninutes to detennine the resistance

to heat or toxic substances.

c. Autocla.wd fQr 15 minutes at 15 100.. pres.sure.

d. Allow to stand at roorn telnperii:;ture tor 2 weeks to deter-

mine loss, if any, of virueida,l aetiv1ty. Seawater from

Denmark* collected in 1963 was also used tor the SEune purpose.

The rate of inactivat10n at2SoC. of' 106 PI~U/ml. of

poliovirus in 100 1'111. amounts of these differe.ntly treated saxn­

ples \13.8 detennined. Virus t1tr~,lti()ne nairl£: 1 nIl. of each.

801rnplt"i were carried out every 2-3 days by the pU:'lque fl1e'tru>d.
.a, .... J J I.' - r q .• IM

*Obtained. in vials fran the Standll.rd Sea.Water Service,
Denmark. and l-cindlysupp11ed by Dr. 0::lr1 George of tile
Departlnent or Biology, American Un!varsity of Beirut.
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Untreated sea water and artificially constituted sea Mlter

subjected to air:'silar treatments were used as controls.

LU3ftl1i.lb:SAll ;&la~iatl[ Blq~'t" IDA. ,PgJJ.2nrup

To test the effect or blaterial autolysates on polio-

virus, equal amounts ot arti.f1c1&lly constituted sea. water and

bacterial .filtrate, pntptared as described previously were mixed

and the :tnnctlvation rate of 106 F-ro!nll. ofpoliov1rua in 100 ml.

of this mixture was determined at 25°0. The eontrolconsisted

or equal araounts of culture medium sub,5eeted to the Slime treat­

ments and artificially constituted sea water. Virus titrations

were carried out.very 2-3 days by the plaque znethod.

1



RESULTS AND DISCUSSION

Results of 1D. x1:vro studies of the effect of sea water

on poliovirus indica,ted that sea water has a definite viru.

cidal property. Poliovirus lrJt TCD,oIrn1. was totally inacti.

vated in about 32 da.ys in a,ea water at 2S0C., lAbile in dis­

tilled water the 1ntectivity was reduced to about 103 Tcn,oIml.

during the same pJriod (Fig. 2).

The inactivation time or poliovirus in aea water wae

found to be dependent on the virus concentra.tion, 103 TCD;oIlTJ..

being 1naetivatedtotally in about 9 daye while 104 TCD,o!rnl.

of virus lost about 1.2; log units during the 83.l"tleperiod

(Fip. 1 and 2). This corraborates the results ot Plissier

and Therre (1961) J who reported that an original concentration

of 103 TODsolml. of virus was totally inactivated in )0 day.

in aea water at 11°0. t \lbile a concentration of loS TCDSo!ml.

lost only 1.7 log units during the same ptr1od.

The results presented in 'ig. 1. indicate that the

virucidal property ot aea water 18 filtrablel the time

required for ina.ctivation ot 10; TCDsolml. ot virus at 25°C.

in Seitz-filtered sea water was on.e day longer lrthen c.anpared

with that ofuntreatQd eea water. This difterence is not

81gnitic(lnt since the inactivation titue of 103 TODsoiml. ot

"f1ru8 in samples ot sea water collected at different times
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varied trom 6-9 days (Fig. 1, 4) 5 and 6).

tter e5t~lblish1ng that se<;;l 'wHter had def:in,ite viruci­

dal properties, the ef:fect on su,rviw11 time of poliovlrus of

VEJ.riOUS constituents in sea wa.ter was next tested. The tiro-

cidal effect of various che.rnicals, at concentrations deterrrdned

for ,Lebanese eO!'1st~il lle.ters. were tested on l~ TCDSO/ml. ot

poliovirus. l'iaCl,2.8%, had n greater vi.ruaid.9.1 lof£eet than

KC1, I'4gC12 , 1'.tg304 • CaS04 and CaCC1 when u8eds:Lnglyin concen-

trations indict1ted in Fig. 2. In 2.a,~ NaCl there \"1tlS a 108s

in titer of :3 log units in 50 days, however, for 1nact'ivation

of all theviru8 present, a period longer than 72 da.)'s 'V~lS

required (Fig. 2).

The er.reet of various eornbinationa of chemicals upon

the inaeti ~l:t1on of poliovirus tinS detennined .$',t two virus oon­

centrations ld+ TCDsolntl. and la' TCD,oIm1o. As indicx;tted in

j
1 1g. 3, l~ TeDSO/ml. of virus in an artificially cQn;sti.tuted

&1.mple C)£ sea 't4E:lter(Corlstan, 1956) and in a mixture of cherni­

calef lJaCl, KCland }1g012 in concentra:tions described f'or sea

water, l03t equ.ally titers of J log units in SO days. This

could be attributed to the effect of Na.Cl(2.~') alone (Fig. 2).

The same concentration of virus lost a titer r 2 log ts in

a'solutioncontnirling Kel, l\tlgC12t CaS04t j\;'igS04 and in another

containing CaSal,. and l~S0lt in con cerl trations deseribad for

sea wa.ter.



It could be concluded trom Fig. 2 and ,; that there are

factors in sea water which have virucidal efficiency, other

than the chernicals so tar tested; also XCl and NgC12 have no

demonstr:ible virucidal e tlect.

The data from Fig. 4 and 5 suggest that the c1"lemicala

in artificially constituted sea water have a C.HllJJulfltive effect

upon the 1nactivat10n of poli.ovirus. The 8urviva.l time 01'

10' PFU/ml. (at" 103 TCD;oIml.) of virus in :3 groups of chend.­

c'f!ls NaCl, Kel, MgCl2 ; K01, r~12' Oa304, MgS04' and CaS04 ,

lJ1gS04,in concentrations described tor sea water by Constan

(19'6) were 32, 33 and 34 daye respectivel.y. The survival

time of 106 PJlU/ml. of viruain artificially constituted t auto­

elaved seli water was 26 days (Fig. 4). It was furtherobaerved

that in Seitz-filtered ..tere constituted artificially according

to Constan (1956), and Lyman and Flerning (1940). the survival

times of 106 PFU/ml.of poliovirus were lS and 11 da.ys respec­

tively (rig. S). Thill difterence of 4 days could be attributed

to the presence of Br·, ,- t HCO)- t Sr++ and HjBO) in the sea

\«lter artificially constituted according to the data ot Lyman

and Fleming (1940). As indicated in Fig. ;, the aun!val time

ot 106 PFU/rril. ot poliOVirus in two solutions otNaCl, con­

taining 2.8<" and 4% of sa.lt respectively, 'WaS about 28 days.

The effect or V"drioua treatments on thev1rucldal

effect ot sea water was ~lls() studied. The survival time ot
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106 PFU!nll. poliovirus in un'treatedaea Witter WHSt!, days; in

sea wn:ter stored tor 2 W'Gek8, 12 daya; in sea water heated

for )0 minutes at 60°0.. 18 days; i.n boiled. aea water, 20 days,

and in sea water reoe1ved trom Der$rk (196.3) J 24 daY'8 (l-'ig. 6).

The increase in aurviwl ti-Ille ot poliovirus in all these

treated samples or sea water lndictates the presence in unt.reated

eea water ot some inhibitory factor which loses potency ,on

storage and is heat lab1le. This a85umpt ion was further subs­

t8.nt1ated 'by the tact that boiling waa round not to effect the

virucidal ett1.cieneyot art,ificiallycon8t1tuted sea water.

The increase in GUrv! Vel1 time of the virus in autocl~lved.

artificially constituted aea water could be due to some alte.

ration in the chemical composition of the artificially consti­

tuted sample due to the etfector hea.t (Fig. 7).

The addition ot bacterial lysates to artifieially COM...

tituted sea water reduced the 8umval tilDe of poliovirus by

:3 days as compared to the control sample (Fig. 8). This does

not imply hO'Wever. that the 1nhibitory factor in the sea is

necosear11y ot bacterial origin. ,'tor e.xarnple, Ii§loewus (1963)

reported that poliovirus inoculated on fish cell rnonolayer cul­

tures did not produce cytopathic changes and lost infectivity

within a shorterapan of tit~.'le than could be accountse] f·or by

ineubatl.ng at 20°0. This !tfactor't released by 1'1sh cells into

the med1umlost its eftect gradually by dumtion of incubation.



In conclusiol'l, the virucidal prope:rtyot sea water

seems to be due to the combined effect of its chem:iall compo­

sition and an un1.-nown inhibitory taotor. Slight shifts in the

potency al'\d/or concentration of this inhibitory factor Inlly be

the cause of the variation in. 8urY1val times of poliovirus in

dif.ferent sarnples of sea water.

The variation in 8urvl'Fal time in aea water or sewage

bacteria waa attributed by Jones (1964) to be due to slight

chang9s in 8;11inity and redox potential. However, in the case

of po11ov'irus, Lund and tyeke (1961) reported t),lat the inact1­

V'ation ratewss the same in a. \fide r'd11.ge of redox potentials,

-200 to +200 millivolts. In "~t.8 indicated in this thesi8

the inactivation rate or poliovirus ~s not different in NaCl

concentrations of 2.~ and ,.!~ (Fig. 5).



Fig 1. The inactivation rate of poliovirus in Seitz­
fi~tered and untreated sea waters. (Virus concentration
10 TCD50/ml., Temperature 250 C.) •

."



Fig~ 2. The inactivation rate of poliovirus in presence o:t ,rarious chemicals
applied singly (Virus concentration 104 TCDSO/ml., TemperaturE~ 25°C.).

*(6-.) Applies to anyone of the chemJ.cals tested singl)r.



Fig. 3. The inactivation rate of poliovirus in presence of various chemicals
applied in combination. (Virus concentration 104 TCD50/m1., Temperature 25°C.).

*Data from Constan (1956)
**(e e) Applies to sea water - artificl.al or the combJ.nation of .NaCl, KCl

and MgC12
(A-A} Applies to the mixture of KGl, MgC12 , CaS0

4
and MgS04 or CaS04 and

MgS04 .



Fig 4-. The inact~vation rate of poliov~rus 1n presence
of various6chemicals appli~d in combination (Virus concen­
tration 10 PFU/ml., or 10 . TCD50/ml , Temperature 250C")

*Data from Constan (1956)



Fig 5 The ina~tivation rate, of poliovirus in presence
of' two types of' artificial sea waters and difteren~ con­
centrations of NaCl. (Virus concentration lO~ PFU/mi.,
Temperature 2SoC.). .

i~Data .from Lyman and Fleming (1940)
**Data f~om Constan (1956)



·Fig. 6. The inacti vat ion rate· of pol~ovirus in sea
water samples subjected to various treatment.· (Virus
concentration 106 PFU/m1., Temperature 250C.).



Fig 7 Th.e lrActi'\"8..tiottrate of- -poliovirus in artificial
sea water subjected to various treatment. (Virus concentra ­
tion lOb PFU/ml., Temperature 25°C.).

*Data of Lyman and Fleming (1940)



Fig. 8. The inactivation rate of poliovirug in ~resence
.or bacterial lysates (Virus concentration 10 PFU7ml.,
Temperature 25°C.) &
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