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PREFACE

Marine bacterial population ean be spiis
into two groups. The indigencus deterotrophie
basteria and the ascidental flora, eocwposed of
saprophytic, pathogenic species and bdacterial pollution
indicators. \‘henever, the fascal pollution levels
vere measured it is custemary to conduot. the hetere-
trophic bacterial assays of the same snwviromment., The
ssasurement of sewage pollution using biolegical/
basterial indicators in the marine ewirommsnt has
been a3 iupertant investigation extensively undar-
Saken in many parts of the world during the last few
desades. Tedinieally fascal pollugion levels are
neasured by analysing the total ooliform, fassal
soliforn end faseal strepioccoei counts and by oom-
struoting fescal index - a ratic bdetwesn the counis
of fastal coliform and faseal streptoonced, A
survey of literature showed lack of inforsation
Fegarding the pathways and fate cf sevage pollutants
from sevage and land drainage in the inshore environ-
went of Coghin end other marine exviromments. In
order $0 find out sewvage poliution levels in marine
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eaviromment, Central Marine Fisheries Hessareh
Institute with vhieh the candidate is associated,
initiated a programs of ressarch for thres years on
ewirammental pollution in the estuarine end inshore
evivronment of Coehin,

A plamed programue of research for over 3 years
Guring 1972+73, 1975 and 197576 vere comdncted in
the estuaring and inshore exwiromment of Coehin,
fhori-ters Lrvestigations in the iittoral waters at
Trivendrun, Vishinjam and Eovalan were carried out to
£ind cut the pollukion levels of these watars, daring
1977,

The first part of the thesis deals vith quanti-
tative and gualitative analyssis of heterotrophs and
the four indigsators isolated from Ceshin and pattern
of distribution in different seasons. Decomposition
yattern of Aalyinia malesia by the various gymogenous
nigroflors vith physico-¢chenical fastors were dealt
along vith fastal poliuntisn level during Jemiary to
October, 1978,

Second part deals with eeo-physiological studies
of dacterial strains isclated from Trivandrum
(shaniumighomn), Xovalan gnd Vishinjem vaters. This
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inelundes a comparutive study of 50 marine dasterie
and 60 human bacteria iselated from clinical speci-
mes and their bioshemigal variations. In addition
10 Yitza study of antidbiotic sensitivity of the
Dasteria isolated from luman beings and from littoral
vaters necr Trivandrus ooast are reported. Selacted
strains of §. aoll pe=X (230 nos.) tsolated fyom
estunrine ewirament of Cocthin during 197576 were
subjected to serological studies and 7!0'-eerotypes
have beon sncountered, The above studies sush a8
the comparative biochesioal astivitiss of humen straine
against marine bacterial strains, the antidietic
sensittivity studies and serologieal typing of B. agld
type~l from warine eivivomment ere the first of its
kind ia marine bastericlogical work, Thess studies
have in a large meastve added to the understanding of
pollntion sicrobiology of estuarine and warine enviren-
ments of Xerals vhdeh sustain a rich and variegated
fwana ineluding e¢dibls fishes Dut at the same %ime bhas
s high wato of sewage poliutios during s greater part
of the year, Values comparsdls %o the highest rate
of heterotrophic bDacteria and faseal pelluntion messured
snyvhere in the marins envirorment were recoyded from
some fnshare stations.
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CEAPZER I.
INTRODUCZTION

Cenesrn sbout maring dacterial polliution hes grown
steadily in reoent years. Damage o sarine organisms
and seonystems, deterioration of human health by direct
conteot vith polluted water and comsumption of conbaxinsted
sea food are smong 1its diverse effects. Assosisted with
these euvironmental aspects are egonomie oosts and various
soaial implications. Jany effects of marine feecal
pollution are unknown and the magnitude of those known to
oocur 1is often undsteruined, Nowvadsys msny parts of the
polluted marine eiwiromment have been examined for indie
cators of dasterial pollution and the sffect of fascal
pollution on marine ecology is one of the important line
of dastericlogiseal study Soday., Faecal pollution of
beackes by indieator bagteria has been studied by Stevenson
(1953), Moore (1954, 1959), Berger i al. (1963), Bonde
(1969, 1968), shuval gf ad. (1968), orumnet gt al. (1970),
Regnier Park (1972) and Tinker (1976).

Published reports on the cosurrence of hedsrotrophs
and bdacterial indigator organisms of faseal poliution
fron the nmarine snviromment of India are very few.
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Venkataramed and Sresnivasan (1954) have studied
basteriology of the offshore aveas of the wests eoest.
8tudies on the hydrology end dacteriology of the
sstusring systets also have not received mich attention.
In Nalabar sres, the Korapusha estuasy vas suxveyed for
esrtain eolifors types in missel oulSure fislds by
Venkataranan and Sreenivasem (1955). Bacteria in the
inshore enwironment at Mandspean (Gulf of Mammar) wes
studied by VYelankar (195%). Incidence of goliforms and
entarcocess in naturasl waters was studisd by Sastry g} sl
(1969) in Hopal aity. &Studies by Methur and Ramanathan
(1966) and 8en and Ghosh (1970) in the unfiltered vater
supply of Caloutta have indicated menty advaniages of
using anterocccci indax in plase of colifoym index.
Studies on heterotroph and indicator organisms of fascal
pollution in the Coehin Bagskwaters inelude the work of
Santhekumari (1966), Gore (1971, 1976, 197%a, 1979d),
Chandrika and Pillati (197 ), Faveondran gt al. (1978).
Published reports om baoterial contaminagion of Indian
boaches incinde Jore snd Singdal (1973) and Dvivedi gf al.
(197). Gove g al. (1979) studied quantitative
oosurrenes of indieator organists like eoliforws in
surfate vater and sediment samples of the estuary. They
found nen-human tvve of faseal nollution. orisinatine
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from land drainage, discharge of organic waste and alse
from sewvage throughout the imvestigation period exoept
An Jumary, March and July, 1977. Goze g§ a). (1960)
also cbserved falionalla Sp. after bacterioclogiesl
abalysis of sand samples of some of the beaghes of
Kerala during July-Oetcber 1978, and they also found some
relation betwesn coliforms, f. g0)4 and the presence of
[odrmmiiing

Recently nany authers bave eaphesised dhat the
potentinl hasards 40 public health are assoeiated with
the pollntion of eosstal areas by the direct or indirect
discharge of rav or partially treated sewage. GSowage
contridbutes oonsiderebly to the quantity of faetal misyo-
organisas such as Saliepella, Shigella, coliforss and
faacal ocoliforms in water and sediment which are carried
vith the otastal waters and mey give rise to epidemics.
I8 has beon shown that sevage polluted water is oftea a
comon source of disesse in man and animals either
directly or indiyestly (Crowm, 1972; Geldreich, 1972
Gangarosss 8§ al.y 1972; Anoymous, 1973)s  Apert from
pathogenic gerus sewage comaing great quantities of
organic and inorganic mutrients wvhich enhance mass develop
ment of pathogenic and nonepathogenic misro-organisas in
controlled systems. Coliform mmbers varied oconsistently
i harbour water acoording $o the degree of organis
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pollution of water (Ruch, 197%; Kaeh and Chiam, 1975).
On the other hand the mioroflors is not infrequently
inhibited or dsstroyed by poisonous substances. Thus
continued addition of sewage effinents to enalosed water
dodiss with linited exshanges with adjoining ocean will
resull in eutrophisation enrighing the growth of patho-
genis basteria.

Hansn pathogenis microflors eannot grow permenently
in the marine stwiromment and dig off eventually in the
sea but dapending on the prevailing conditions various
pathogets car survive for a period snd remain viyalent,
Studies on the survival of fassal coliform in the marine
ewiromment deal with various faetors controlling the
dsath of these crgenisme (Gresuberg, 1956; Mitchell, 1968),
IS has been well documenied that cceurrence of toexie
saterials as mereury, (Klavmamm, 19%0), engyue and mete~
belle inhibitors (Webd, 1963) and Belenate snd other
consezvaiive pollutant (Ketehum gf al., 1952, Orlchd, 1956;
Jomes, 19633 Nekamura g§ al.) 196¢), high salt esnoed-
tration and 38 of sea water (Carlmsci and Pramar, 1960,
19613 Chan & 11, 1977), limited nutrient supply (Oreenberg,
1956), sompetition by native wierofiora (Wakswan and
Hotchkiss, 1937), the grasing ssticn Yy protoscs snd othér
predators (Mitohell and Morris, 1969; Enjineer and Cooper,
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1976), the existence of heavy metals (Jomes, 1963) and
iytis bacteria in sea water (Oulin gf al., 1967; Mitehell
and Morris, 1969) are the mjor factors contriduting to
the rapid dis off of eoliforms in merine ewircmment.

n the otherhand, the addition of aysteine (Johammeson,
1957; Carlicel and Praxner, 1960) and shelating egents
(Jones, 1963) to sea vater ingreased the survival of
Sasharishis sald.

Bigh goheentration of ooliform Dasteria existed in
sedinents yather than in the overlying wvaters (Weiss,
1951; Rittenberg gk al., 1958) and that cells of . gald
wvere ¢apadle of utilising the nutrients released from
estuarine sediments (Oerda and Meleod, 1776)./- Farther
more, presence of estuaringe sediments has been found to
grestly enbance the survival of B. galli in natural sea
vater under lsboratory ecnditions (Gerba and Mesleeod,
1976) as the sea water and mud basisally contain wost of
the nutrients requived for the growth of micro-organisus,
80 ths pathogens thrive themselves for a certain period
after the sea wvater and sediments have besn gontaxinated
by sewags and dvainsge. With the environmental factors
such a8 favoursbis i, salinity and optiman temperatare,
the miorovorgmnisn readily develop and repidly colonise
in estuarine and marine envirozmment. These observations
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indicate the abilily of marine smwiromsent to support
t0 a limited extent, the suavival and even growth of
oolifora bacteria.

The survival time for most pathogenis basteria is
greater in freshwater lakes and rivers than in sea as
sea vater is bactericidal for nobemarine bacteria, Fre-
quently, the survivel time is grester in sediments than
in fresh water and again in maring sediments it is shorter
than those of inland vaters. Pathogeiiic and non-pathogenis
basteria are present in large nusbers in bottom sediments
(Gezda gf adss 1977) and Moy be released upon resuspension
following dredging, bosting storms, wpwelling end other
aotivities. 7The signifisancs of marine sediments as
sesazvoirs of human pathogeniie and non-pathogenic besteria
had Dot Deeld realised until resently. All pathogms are
eapebls of remaining alive in the sedinents for a relatively
long tims and even muy bescome enurighed there (Bonde, 1967),

1N 18 well known that the pathogenic water mierocbes
preduee disasses such as eholera, dysentery, élarrhoes,
yphoid, jsundise, laptospirosis ete. Henoe sewvage loaded
eoastial arens Mgy be dsngerous soures of infeetion, PFarti-
cularly fregusnt in polluted vaters are pathogenic intestinal
vhiich cause enteris fever. Salipiialla infections mey
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however, be amsed by saling aystars and other shellfish
and fishes eultured and harvested from sevage loaded
vaters. lass freguent are Shissllag (osusative agmmt
of dysentery) whiieh oocurs epidexisally and is eowmonly
spread 1y polinted water. Apert from human intestinal
niorebes sich a8 coliforyms, meabers of the genera
Daendosciiag and spore foyming beotoris, sewage alse
contains animal and fish pathogens. Pathogenie forws
sxist but the mumbers and types vill vary with the geo-
graghic aves, the stato of commnity health, the mature
and dagres of sewege treatuent and the tysioclogissl
stats of the organism,

Whenover pathogenis ave present they are seurde in
msber wvhent cotpared $0 nonspathogenic commensal basteria
(a8 KK of fasoes of humen beings 1s eonsidered %0 de the
veight of Dasterias 14self) and this sonplicates the
rehlen of thely deteotion. §0 the procedires adopled

for Sesting petablility vely on the detection of e
sommteals of pathogenis basteria native to the intesting

of healtly humen and other warm-blooded animals $o indl-
eate the pressmes of fasves. These are oalled ‘indicatoy
basteria’ vhich sre Dasterial persnsters of pollution.
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™he VYewbanad lakes and connected backwaters around
Coshin ave wll knowns for its yole a8 a marsery ground
for many commereially important praums and fishes o8 well,
Wagnever the basterial pathegsns are present in prawms
and fishes in congiderable munber they survive the pro-
sessing proosduras like freesing or cocking. Thexrefore,
1% 1s essemtinl 0 understand the megnitude of fascal
polluticn in the wwircoment frow w_here thoy are csught,
80 that sdditicbal precautionsry segsures cal be Saken
wahover favtal Avian axe yeported highs The Oochin
Bacitvater Teceives sovage inlets and 7 drainage camals
fron the mainlond as well as from the newriy isiands.
Aoocoyding %o the 1971 eensus, the population of Coshin
18 4,38,h20 (2,34y051 males and 2,%,369 females). 1%
takes an aversge of shout 10,000 people in a commmily
to produce the sgquivalent of 1 toume snasrobigally
digaeted sovage sludge par day, In s year, this would
be 365 wonhes appraximately. It is reported thab
several uililion gallone of powerful aeptic sewage is
discharged into the baskvater dalldy. With all the
sewage and aludge the Dasinsater systen remain as a
potential awiyormeot for womitoring basteriologiesl
@altty of vator an this sevage will cover & to 5 sgaaye
ulles vith o &apth of 2 %0 3 fathoms. The daily east-
wast moveusdt of the tides and north.south wwement of
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the ossan ocurrents ensdble the daclkwater $o sbsord this
enornous discharge inte her system vithout damaging ihe
fish end other aquatie life. If fhe eurrent intensity
is vedused or stopped, the system will mot be im a posi~
tion to absord the lomd. A recent study of Cochin Bask~
valters establighed the existense of organic pollugion
partioulsrly vhers the canals join the Baskwaters.

Gsldreich ant Clarke (1906) reported that the
ocourrence of indigator dasteria in water and md signifiss
the presence of other entaric pathogens in the same mwirce-
manS. In mary instances indicators of besterial pollution
signified lnman pathogenie viruses of faseal origin in
esoastal vaters (Gerda and Goyal, 1978). 4Above inforwation
varrent a thorough study and ineresasing attention om the
dissharge of sevags ad lend drainage into eoastal waters
ingluding the bdeashes, and a detalled Liwestigation on
hetevotrophie flara sid indigators of bacterial poliution.
AS present there 1s a general lask of information regavd-
land drainage and their fate in the water bdodies of Coehin,
Henes, the present study was aimed %0 monitor indicators
of basterial pollutants in braskish water ewwivemment of
Cochin and also 40 investigate the eoffect of bacterial
pellutants on figheries Tesourees and lwuimeh health as an
essmniial step towvards evolving a selentiric basis for
protection and msnagement msssures.
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Sosne of She sresent singds.

he results of the iiwestigations are presented
and discussed under Wwo parts im 6 seotions.

Under Fart A (Ecclogy) in Section I guantitative and
qualitative study of heterotrophis saprophiytes have beso
curried out after isclating them ty pour-plate meibods
from the semples oollected from fimed stations in the
inshore ewironment of Coshin, Identification of yre~
eeding groups with gonfivwstory tests wherever pessible
vas nade vith numerous physiclogisal and bioghemigal Sests.
Selscted salturss ware idantified besed on their biochemical
astivity towards 4ifferent smubstrate and antidiotis sensi-
tivity Sest and finglly dased on the schems of Usio Simidn
and Kayuyoshi Atso (1962) (Tedle 6).

In addition sesmonal distridbution of total hetero-
tyrophic bacteria in water and sediments were disoussed ond

their generic cowpesition was evaluated in the aguatic
ohwirorment,

In Section II, fsclation, idsniifisation snd guanti~
tative abundonos of indicators of dacterial poliution
eneountered from imghore and estuarine sanwircoment have
beon presented and discuseed.

Seasonal cosurrenss of fascal index a8 miggested ty
rinstein (1972) has also deen inginded in order to under-
stand the nature and soures of faseal pollution.
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Spatial and temporal variation and the intersstion
of basterial population vith the eswircmmntal parsteters
vas also studied YW statistical analysnis of the data
(Cohran and Cox, 1963, 1977).

In Seetion IXI resulis of studies on mywosenous
hMtsrotrophic nisrcbes from Salyinia molagha 1o the marine
swironment are presented and disqussed.

Six gifferent seleotive uedie were used to assess the
decvaposition rate of the floating weed of falyinin Balesia
in the study area as it recsives the allochthonus orgmnie
satter during wonscon times. Biochemical differentiation
of basteris isolated from human deings and littoral waters
fyom Trivendrun, Vishinjen, Kovalas zreas are 5lso 4iseussed.

Undar FPart B (Roophtysiology) in Section I a somparison
of the blodhenical astivity of the basteria isclated fron
haman beings and bectaria isclated from ligtoral waters of
Trivendrun area have been nade 18 oxder to understand the
blocheisal effisiengy of the isolates from diffeyent
shviromment and the yresulls are presaonted and discussed.

In Sectiom IX vesults of 1B yiirg iuvestigations of
satibiotio sensitivity have been presented and discussed.
A coumparstive estimate of the bucteria isclated from
1ittoral waters vere made in order $0 understand the
pattorn of drug resistanoe as preliminary studiss of antd-
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biotic resistanes pattern and levels of Nis (minimum
imkiditery conesmtration) were censidered %o aid in the
detestion of R-fagtors and hely trsnsfer in entero-
basteriasees.

Results of serelogisal studiss on Eacherishia seld
are presantsd and diseussed in Section IXI. JBachaxishia
8ol vere isclated from water and sedisent during the
period of Mady 1975 to Juns 1976 for serological Yyping
of enteropathoganie . gald (FRC). B. gall Sype I vere
subjected t0 preliminary serological determination L.e.
O-gerotyping and antidliogrem typing were done and 7-0
serotypes were sncountered, Sensitivity tests on
enteropstiic B. goll straine vere carried out in the
ladboratory and the results of these and other shudiss are
dlsoussed in the light of our ourrent knowledge of anti~
blogras typing snd R* fastor in bacterial strains with
Srasferrable dvug vesistanse.

Y. I



CRAPZEDR 1I.

EXISBTORIGCAL RESBSBUNE,



CRAPZRR II.
HEISTORICAL RESUNE

In view of the encywous velume of published work om
the mrine biota, it might be supposed that marine bDacteria
were known fyom the time of the first divested studies o»
niexo-crganisue in the sea. JMany early students of sarine
1ife apparently failed to recogniss basteria in their
sollesticns or wisinterpreted batteria as structures beloung-
ing to the plants or enimals themselves. The first aoou-
rately deserided species of bLacteris aprears %0 date dack
te 1438 vhen Xhyenderg isolated and desaribed Sxirechasta
2Miaatilia Tfrom sea water, Cohn (18065) isolated and
desarided the marine dwelling Beggisting mirahilis end
Werwing (157%) descrided Dessialion Kiima. A yesr later
Varaing (1976) also desarided Thiasnirillua yiclaseus,
Thiaspixiilun oasthersia o4 jchrosatiue sadlsxi. The
piameer vork of Certes (183a), Piseher (1834), Fussel

(1891) and Whwir contesporaries estadlished that living
batteria are widely distriduted throughout the ocest.

The literature from 105 to 19t ecnsists prineipally
of reports of basterial ocunts fyom Talisman Expedition
(Cortes, 183ka), Piamet Expedition (Gedf, 1509) in the
ASlantie Oesan, and Seottish Antaretis Expedition (Pirie,
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1912) eonduoted mear Orkoey Islands. Issstehenke (19%h)
revisved his own and others cheervations in a 300 page
Rugseian monograph which insluded alse 530 references,
Isgatchedio (19%) vas the first Setentist to swphesise
the faportanes of Dasteria im the ssa as bio-ghemiesl
agonts and also found s yhysiclogisally versstile bacteria
inelnding nitrifiers, denitrifisrs, nitrogen fiumers, -
sulphate reducers, amonifisrs in the water of Aretic seas
to depAhe of 65 to 100 wetyes and in bottom mud.

The ldterature from 1838 to 196 on marine migyoe
bolegy has bdeen reviewsd 2y Zo Dell and Upham (19%%) and
20 Bell (1héa, 1AP). After 1946, in spite of the Aiffi-
ealties which have ourtailed the stady of marine stere-
diology, considersdle research progress has been mede in
the traneformetion of salphur esmpounds, influsnce of
hydrestatic pressure on the growvth and visbilily of becteria,
promoiion of growth of marine basteria dus to high organie
satter and suspended solids, basterial denitrifieation,
biolagical astiivity of bacheria essociated with thely
grovih, sction of hesyy metal fong on bacteria, sntie
basterial aotivity of ses water; seasonal, spaiial and
vertissl Atstridution of marine dasteria and variocus bio-
ehenical potaniial of Decteria.
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T™he resovery of the sulphate redueers having unique
tolevence for Sewpersturs, salinity, and hydrostatio
pressure from oil and salphur wells suggested that they
sy be indigencus speciss in anclent serine sedinents
(Zo Bell and Rittemberg, 1%8). A largs perosntage of
the sulphate veduosrs isolated fyom Gulf eoast sediments
vas found gapedle of utilising meleculsr hydragen (Sisler
end Zo Bell, 1950). DBasterial life at the bottom of the
Millippine Srench wvas studied by 3o Bell (19%2) amd
despite repested attewpts he was uncdle to isolate mulphur
oexidizing bacteria fyom this aves. Johnsom (1972) found
dDacterial reduction of arsensts in sea water whils Sercikin
(1972) found & divest relationship betwesn the bastearial
populakion and hydrogem mulghide cxidation im the Hlack Sea.
Bansenir end Rheirheinmer (197¢) studied the formation of
H.8 in the inner Kisl Pjord and foand IRjobasillug e
fapertant sulphur oxidiser: in eoastal waters, During he
*Orgen IV® cruise of he R.V. "Jean Chareot® in the Gulf
of Aden and Oman 3ea covered %0 ssapling stations im all,
In 735 of the cores colleghed the visble eounts of sulphate
redaning basteria were maximal ot a depth of 0 %0 2 m,
The distridution of lebezotyophic msrodis, heterotrephis
mmasrobic, sulphats redicing end wsthane produeing popu-
lstions was studied from the Gulf of Aden and Oman Ses Wy
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Mty (1981) and the so-existence of these four uieroflers
exhidbiting various and even oppesite wstebolis prosesses

vas explained dae to distingtive misroniehe juxtaposition
in the same sedimentaxy layer.

The influgnce of lydrestistic ywessure on the growth
and viadilily of marine bacteria was studied YWy Zo Bell
end Jobmgon (1949), 2o Bell snd Opperiheinexr (1950) des~
for stadying the effects of hydrostetic pressure on the
milsiplisation and morphology of msrine basteria. Jbvita
(19%) found millions of visble basteria per gram of sedi-
uerts taken frov depths emseeding 10,000 netres om the
Danish~Galathea Deep Sea Expedition which suggested that
hydrostatic pressurs is not a deterrent for dactarial life
at great depths. lMorita smd Zo Bell (1955) found that the
suecinate delydrogenass sotivily of Raghexrighia sgll ves
rapidly destrayed at imsyeased pressures. 2o Bell and
Budge (1965) iained Desudomcuas nexfaaionarimng, o
barophilie fasuiltative asrcbe whish is capedble of growing
at pressures higher than 600 ata in mutyisut media oon-
Satning little or no fyee oxygen. Zo Bell and Hittle
(1997) found that the adverse effects of hyperbaric oxy-
ganation on the reprodustion and survival of bastaria are
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mgmnted by inoveased hydrestatic preasure. They
studied 6 species of baateria and all the six spesiss
thrived at 100 atm in mutrient media having sn initial
exygent oontant of 7 pg/ul and they grev well in media
with an oxygen ecmtent of 3% pg/ml at 1 atm.

Conserted studies were made on marine basteria
attacking varions orgenic materials 1ike sugars, starehes,
osellulose (Bwvendon, 1932 Weksman gf al., 1933), yectine,
glvossides, fatty acids (Thayer, 1931), trigiyoerides,
alschols sterols, proteins, amino asids, ehitin (dosk,
1940), ligning, sgar (Stenier, 19h1; Humm, 1M6) and hydvo-
carbons (Zo Ball, 1950a). These organic sbstances vere
fourd to be attasked by »oth sevobie and anasrcdic basteria.
From f2e (ulf of Mixieo sedisent Campbell and Williems (19%1)
isolated 20 strains of asyodie ehitin decceposing basteria,
incinding species of johrowebagiars Flayobagkaxiis,
Migrpeoscns st Pisdoucoa. 2o Bell (19% ) werking in the
Oalf of Mexioo found sbundance of basteria in shallow Quif
vaters which greatly exvesded ¥he dacteria in the open occemn
and is delisved e De atiridutadle primerily due to high
organic matter end suspended selids doth of wvhich premcte
the growth of bacteria. The influx of fresh water with
its load of organic mitrients fros land drainags 1s also a
contriduting fechor alomg the littoral some, Here theve is



«§18s=

a eonuingling of both fyesh water and tarine nico-
organisn and mmerous traneitional stages of both kinds,
In the haxbour of Neples (Italy), Jemeseh (195%) found
enly 0,002% of micro-organisws were sttashed %o organis
matter while Lo Mediterrenesn Jf of the total basteria
weve attashod %0 pertisnlate ovganis matter., Listem
(1960) sugzested the cocuryence of seximm basterial popu-
lation correlated with plankten outdursts.

Bacteriological investigetions weve sarried out during
the cruises of R.¥V. "Meteor® in the sradian Ssa 4in Narehk and
April 1909 by Fheivheingr. 1He distridution was studied in
the Horthern GUIL Of Oman and the Struits of Borons, a8
inflasnoed y the current flouving oud of the Persian Gklf
and the highor counts of dDashkaris of the Gulf water is ediaoed
to the greateér smuviof organis materisl. The formation of
organic aggregutos and thelr enlergement by further adserpiisa
of erganic auupounds mzy de one of the reasons Wiy, in large
parts of the open coesns the conesmtyation of dissclved
nutyients 15 00 low for dastarial growth, As & SUNeQgIeNce
searly sll banteric cm de found attashed to particilate
matter (Sleburth, 1968).

Sekii (1970) estimgted the xelation betwesn wicrobial
biomass $0 partigulate organic mbter in sea vater of the
suphotie sone of instralia, Studies by Ayyaikaam: sad
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Chandramchen (1970, 1971) indieated that the mjor portion
of potentially wvailsble phesphate is losked up as fmsoluble
organiec and incrganie phosphoyus cowpeunds in sediments and
solls, They also noted a relationship detwesn phesphate
ocontent, the nmbers of phosphatase soludiliging bacteria
and phosphatase activily in sediments. The assosiation of
basterionsustion vith the surface sligks have been dtscusesd
W Garredt (1970), Bisburth (1965), Tayban (1971) vho eonsi-
dered the marine bacterionsuston to form a distinet migrobial
biscanosia astive in the organic chenisiry of the sea surfase
slieks, IMoabus (1972) chserved seasomal shanges in the
Sacterial astivity of North Sea wvater and foumd that bacterial
preperty of natural and synthetie ses vatey ssk be ethanosd
by ediifion of low smounts of organis matter. Slsburth and
Browm (1975) obssrved ineveased hoterotrophic aotivity ia a
polinted Fjord estusry. The growth kinetiss of basterisl
pepilation showing different responses to dissolved organis
substances vere abalysed by using a ehemostat by Ishida and
Kadota (1975 ayb). The propertiss and generis eouposition
of phosphatase producing basteria in eoastal and soeanis sea
vater vas estimated by Kobori (1929). Although mostly
studied 1in ocestal waters besterisplankion are probably
ssclogically signifisant threughout the world osean.
Mleakienig bacteria arve widely assumed %o regenerate nmutrients
to sonwert dissclved crganie mtter (DOM) %0 partisulate



=320 8-

orgmic matter (FOM) and %0 alter the FOM (Pomsray, 197,
and 1979, Azam end Hodson, 1977 shd Bollideught gf a)-s
1980). It was found by Ituwriaga (1979) that bacterial
aotivity is velated to sedimnmiing particulate organis
satter. Quantitative studies have Deen made of Dasterio-
Pankion adundanee (Franeiseo gt al., 19733 Howden, 1977
Hobtbie g% al-s 1977 and Wateon Fubrmen and Azam, 1980)
therefore, £t 1s nov pessidbls to mep yegions of the ocoesd
vith respest to the distridutionsl patterns of bacterioe
plankton bicwess and groveh as vell as the more sonwentional
"plakke and turnover rates of selected organic compounds.

Denitrification by marine dacteria has not been inveati.
gated axtonsively o8 has Deed for cartaia tarrigencus organisng
Sresnivesan and Vonkataramem (1956) edserved What only five
spesiss of marine beoteria are capsble of demityifigation.
Goering and Dugdale (1960) established that 4in an eguatorial
48land gy wicrebial denitrification doss cocur in the mayine
esvirenmsid. Brison and Vargues (1963) found dasteria
caPeble of vedueing mityate $0 nityrite in ccastal waters off
the evast of Algeria. mbtetrephis besteria capedle of
oxidiging amonine and nitrite icms has deen isolated Yy
Vataon (1962, 1963). In subsequent reports (Murrey and
Watson, 1963, 1965; Watson, 1965) wore dstailed charcsteri~
sations, minly on werphology, artolegy and oultmral conditions



-32% 4=

have been given of the warime amonius oxidiser, XiSTosraiia
Shsae. Oundersom (1966) end Gundersom, Cerlucel and -
Bostrom (1966) cbeerved that smmonine oxidation on sgar W
B+ 200388 vas imhibited by an oxygen ecnceniration of
90,0 stoms. An atmosphere vith 2% oxygen gave maxtmm
aityification, Thare vas samonive oxidations with as listle
88 0.2 cxygen, although very little cerbon-di-oxide vas fixed
My She eslls, In sddition o J. gosaliis smd those bacteria
referzed t0 in papers by Whe adove workers, other emrichwent
otltares of smmonium and pitrite-oxidiaing basteria have been
isclated from ses water or marine mads (Kimata, Kawai end
Yoshida, 1961, 1963 a,b§ Vargues and Brison, 1963), The
paper deserides the isolation and purification of mre waring
nitrifying bacteria and the regults of soms laboratory experie
mats 1a vhilch the infinenes of sdetrate comsentration and
Seaperature on nitrifisstion has been determined, Oas
chrenatograply was used by Barbares and Puymnes (1967) %o
analyse the gases yelessed by growing sultures of dsmitri~
of gas chivomstograply to asalyse smonis in the marine
Pagific Ocean off the Play of Soripps Institution of Cosamo-
gragty vere done by Carluoed and Striekland (1968)., They
hesrved in g mmber of ultures mibjected to both the
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fSonperature snd sudsirate depandent experiments, the lag o»
induoticn yhase of nitrite production subseguent to inoot-
lation snd suggested a chemosSat study of aitrifiestion by
agrine basteria would be helpful in sssessing the importance
of the lag phass in natmre.

Fladeire and Stricklend (1968) conclnded that mitrate
refuctiion vas responsidble for the high eoncentration of
aitrite ia oxygen pecr vatars. Carvingel and Memally (1969)
found ehenosuto_trophic nidrifying becteria oxidising nitrite
a$ low oonosntration of substrate and oxygem and evncluded
that high oconaentrations of nitrite may arise in open oeesd
valers from smwnia oxtidation. Jenom gf al. (1972) and
Taylor (1940) found a decrvesse in population from the § u
level to tho § om level with the notable exosptiom of nitri-
fying basterial popilations that increased by Ahwree orders
of megnituds from the 1 m to the ¥ om level. This increased
population may be related Vo the high ammonifying population
eresting a ready .suSyient souree. Herbert (1975) recordad
heterotrophic nityogen fixstion in shallow estuarine sedimenis.

Rlologien) astivity of the basteria vhich ave assosiabed
vith thelr growth sush o8 Sewmperaiure, salinity, oxygem
econsumpiton, asid and alkali formagion were studied ly Socisty
of smerisan Bacteriologists (1997) and detafled inforeation
are given in thedy Mamual of Mierobiologisal Methods. The
indirest influgnos of Semperature on metabolia activity of
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Secteria was sbeexved (Orleb, 1956) Fhainbeimer, 1966),
Sichurth (190+ d) found ‘Cormebagierinn’ chamging gram
charasteristios at different temperatuves deing gras-
negative and plecworphis belew $4°C and gran-positive and
freguntly coeooid shove that tempersture. Iorita d
Halght (1966) found paychrophillils merine organisms groving
betveon 1 and 20°C with an optismun st 95 - 1%, dut vas
killed by heating to 28,8°% for 6.2%5 h. Wicbe and lListon
(1965) found enly 7 obligate paychrophils among some MR
besteria fsolated from sedizents. Gisburth (1965) alse
found a difference In the Weuparaturs relations of bacteria
in estuaring waters Dotweon spring end winter whereas
Nedwell snd Floodgate (9971) found tomperadure a8 s factor
1n ¥he seasonal selection of heterotrophic Dacteria n .
intertidal sodiment,

Bell and Dutka (1972 ayd) found membrene filser
progsdurs sommhiat superior to the peur plate proeedure and
majority of the heterctrophie pepulation in the sediment are
bolises and miltiplies st 4% although the rate 1s less tham
balf of that at 20°C. They alee ingicated that these sedie
nonis do mot eontain ey trus peyeluophiles, Surface sedi-
uent heterotyuphie bacterial densities in these lakes oonsgi-
weight, no msiter what oounting wedium has been used or whal
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year or mouth the semple has besn cellected (Weeks, 190k
Yanderpost, 1972 snd Bell and Dutka, 1972).

Hoavy wmatal 1008 sre fuportant constifuents of naturel
and artificial sea water. Jones (196+) spesulated fluctma-
tisng in the coneentrations of heavy metal ione which may
be taxie for most non-maring dacteria. Masleod gj al-
(195=60) have found $hat all the maring besteria have got
ious, but Carincod g al- (1961), Scarpine and Pramer (1962)
and Jomes (1904) ave of view that the setion of hesvy metal
1008 can be diminished by adkiftion of ehelsting agemds %0 sea
water, Broson (196h) stated that Dacteria with a low sal$
tolerance have wo oell mmbranes vith obe polygomel layer
shout 100A° acyess and the plsomorphisn $n besteria may be
dosarided a8 the effurt of Dasteria to stahilise itself
against ruptuve by the ionis components of the seas VWeod
(196%) found that plecworphise way oecur in bacteria from
olher habitat Dut not 80 freguently as in marine basteria.
Bailm ond Sakal (1976) oconducted physiclogieal studies om
the inorganic salt reguiremsiis of merine bdagteria and found
salt vas st essantial requiremstit for gytochromes in the
aytoplasuic mssbrabe for effecting slectron tranefer in the
oxidation-reduetion reactions.

Seasonal shanges in the antidacterial astivity of sea
vater vas reoorded by Sisburih and Prasts (1962) end
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Vasearro g8 ) (1990), Resenfield and 2o Bell (197);
Erassilinikov (190+)) Buribolder g% al. (1966) and Gmuthier
(1969) suggestel that the antibastericl substances have
boen pro@iosd dy Dacteria 0 inhibit the algas. Seasomal
shanges in the antidbecterial astivity of sea water vas
rescwded by Siedurth and Mratt. 80 far there e¥e b hay
vefoyenoe works in the field of marine basteriology (2o
Bll, 196; Brisou, 19355 Kriss, 1963 and Oppenhedner,
1963 ) whiich have got extensive informgtion on the &istri-
bution of dactaria and thely varicus eharsoteristies;
bio-ghetigal activities and hydrcbislogieal importsnee in
the indigencus aquatie erwiremments.

Usio Simidn end Kayuyoshi Also (1962) oheerved veria-
Siom In the Dagterial counts of beastaria in the ssmplas fyom
low saline areas in lrackish sod fyresh water media them in
Ses waler media, Fiugiustion in salinify of the Kisler
Bacht (Fheinhadner, 1977) cmsed corresponding changes in
the dastarial population partismlarly if water of low salinity
fyom the central Baltis everlies more saline vater fyom the
Bl Sea. Masleod (1965) reviewed his former work and
peinted ot thal he has not found any ehavacter whioh oould
be used to separate maring dacteria £yo8 Dasteria found in
other enviromments.

Pugh gh ale (197%) analysed micrebiologiesl cherae
oteristies of two Deashes and inglessey Klaus (197%+) observed
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the influenee of salt on the distridution and astivity of
basterial population from fyesh and vaste vaters in Kiad
Piord.

Monds g als (1977) vorked out the gemeris composition
of asid hydrolysing basteria in sea water in the Japanese
e0est. Ramsay (1977) Ssclated asvcbic heterotrephis Dacteria
from walsr, wud and wmesroplyla of laks Grasmere, Nev Zsaland.
Meureen (1977) A Al eharacterised lipolytis and yroteclytie
basheria fsclated from saring sediments. Divata gj al.
(1977) 1s0isted WMi-S0larant Dasteria in wmter and sedinmnis.
Investigations on the basterial ecvlogy in sandy Deaches of
the North 8sa and the Baltic was condeoted by Rheinheimer
(1977). Jodris (1977) studied the rols of heterotreghie
basteria in marine secmystems. Jeint (1970) estimated
ataredial produstion of sk estuarine mdflat. Novitsky sad
Norita (1978) found cut the possible strategy for the
servival of marine bacteria under starvation eoniitions.
Shanta Nalr gg al. (1978) surveyed the distridution of hetero-
Syophie dastaria in marine sedimgnts in $he Goa soast.

KiSanikude and Kasama (1978) 1solated asrobic aolla-
gonetie bdasteris in 4he evestal ares of Japen. Ry
(1978) weasured the direst counts of basteria ty a wodified
sariding orangs wethod, in relation to their heterzotsophis
astivily.
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Wetne and Rheinbeiner (1979) Lawestigated the basterial
setilement on warine sand sediments ly Fluoreseenes Nisro-
soopy. Tejero (1979) Ssclated heterotrophic dasteria fyom
e wpwelling regiom of North-wast Afyica during "Altor VII®
Cruise II and worked out the numerieal taxonowy of the
betevotrophic aswcbes. Gakata and Kakimote (1979) studied
mmummuwmw
basteria and found Shat nom-pigmented basteria cre susoeptidbls
% gt virile pigmnted dasteria are resistant o vigible
Hlriaie

ol gh als (1900) esrzelsted the distribution of
bastaricplanikton vith the dlstridution of other Miologieal
peramsters such as ahlowophyll, primesy prodwetion and
ergsnie partioulates.

Sebroder ond Van 28 (1900) surveyed the dlstridution of
basteris in intertidal sediments of the Ems Dollayd Matuayy
18 Motherland, and gchyoder (1960) studied the influence of
orgaais poliution on hetarotyophis Dasterial macrodbenthis
and miobenthic populations in the intertidal flats of the
Sume arves. Simign gf al. (1900) studisd heterotyephiis
bastarial flove of ses vatay from the Estweishoto (Rynigm
Teth) avea. Ghida and Taga (1990) stadied hederctrophie
basteria attached 40 Sea weeds. Yoshilurs g al. (1980)
established Seasonal fluetwation of heterotrephie snd
eoliforn basteria.
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Beat end Gouldsr (1901) studied planktonis basteria
in the Mawder estusry and found seasonsl variation in popu-
vabers of the estuaxy. Krowlovie and Sobot (1981) studied
of the eemiral Adristic. (Kiste Fukexi gi al (198%) found
basteria during the decowposition prosess of yhytoplankion;
desouposition prossss of yhyboplankten, ocunts will be very
high dae to the imurease in the mutrients in the visinily
of sepedis heterotvaphs. Duong Van Gaa g ale (1901)
studied the cscuryenes and generic couposition of protease
profuring halophilic Dasterie 4n neritic ssavater arcund
Jepsa. Fryom all thess cbservaticgs it has to De coneluded
that apart from snsarobes iR aguatic ewirconmsnts, the
sarobic heterotroshs play & good rols as potential desowp-
sars oF degraders of organic matter whether it is yto-
plankton, seoplankton oF gy other organis maberial.



Jodisatux Reaheria

Tronkises oo water Dacteriology are geteyelly
coboerned primerily with the study of sanitery preperties
of dowestic water supply, suimdng pools and sevage. Osa
vater is ravely eonsidered for varjous rensans, 7The
sea vater does present esrtain problems of imderest
uarine uievchiologists, sanilary emginesrs and studasnts of
piblic heslth:. Outhireais of oysler boyne typhoid, gastro-
enteritis end R-factor transferroncs and other diseases
have foovsped attemtiion on these problews in ressnt yecrs.
Slanwts end Barblay (1965) and Geldretch (1966) pudlished
revicy of the resesrol geaducted on the signifiesnve of
foecal aoliforms &n the Basie and Applied Science programue
at the Cincirnntl Water Fessareh Loboratory, Cingimmati,
thio,

To mgunt yriscry bacteriologionl msamiremenis, use
of supplenentary basterial pavameters are desirabls to pin-
poind specifis hassrds. lallman and Seligmen (1950)3
Liteky a5 a)s (1955); Slamets and Bartiey (1957); Eesner
a als (1961); Durnaen (1961); Mad (1966) and Geldreich
od Kemmar (1969) believed the cecurrense of faseal
strephoececi 1o water vhish suggested yeosnt fassal pollutiom,
vhareas heir abeenee indisated Aittle or mo wers-blooded
8 Laatal g0ll vhen lactioss furmeniation wnd indols peo~
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enation st W 15 effected by e 1s0lated styain (Bonde,
19623 1966 ay B) or fessal eoliforwm's wvhols idemiity 2»
dased solely om lactose farmentaticn at hh.5°C (Geldreish,
1'”’.

Hayy authors echsidered eoliforus a8 =n indivect
indicator of fassal polintion and ooliforn $ndex also my
not be ths trus indlestcr of fascal polintion (Moussa, 196%)
Methur and Remenatham, 1966). Enteric bacteria sre found
lass resistant t0 moust comsonly used disinfectants thand
viruses (Xjellander and land, 19653 Kyuse gf gl.: 1970} and
Chasbers, 1971). Enteris bacteria sre alsc known %0 De more
W-wMWMMVM
(haval, 1557). Soxe mithors (andre g5 al., 1967; Rudodyhe
a8 ales 19905 Geldreich, 19685 Callagher and Syino, 1968)
Beard and MeaGowaroft, 1935) couwpered the persistenve of a
Urited muber of pathoguns with an indicator, Frou their
studiss, 1% wes conaluded that o few indicator basteria
sasvive sounbat longer then scme enteris pathogenis bastaria.
Xitohell (1968) studied the fastors affecting the dsoline
of non-marine wicro-orgamisns Ain see water. Seopp and
Jepling (1963) spplisd fassal seliform eoneept 0 ssastal
vaters of California, which indigatdd $hat the bacterial
paramster vas closely related %0 the santtayy gualily of
serine waters auring storm weler sun off and %o those warine
vaters resstving varions Rinds of vasieficows.
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Bresenski and Mussonamno (1969) and Grumnetd and
Rislsen (1965) isclated enterie pathogens in tidad estuary
and in seventesn Leaches of Mow York, Bvidence from field
investigations of Gallagher gaf al. (1969) suggested that
all total eoliform osourrences ¢an be associsted with faseal
pollation.

The dispersion and dissppearence rade of emterie
organisus fyom a maving cutfall in Israsl was also estimmted
by llath gt als (1970). Geldreish's (1970) analysis of data
conpiled over three years study om lale Michigan bathing water
ia the Chicago aves ifndisated thet the closing of mine msAro-
politan beashes yemilted in 20 decyease during the season
Af a fescal colifoym limi§ of 200 erganisus per 100 nl ware
Wsed imstead of he total coliform standard. Bathing water
ialily standaxds for New York oity beashes vers estadlished
by Cavoll g al. (1970) and Foster gh al. (1971).

Mvalleble dsta sugoest the existencs of a wide range
of levels with regard 40 wintmum infestious dossge, mmong
the various vater-borne pathogens to infeet a dather or
songuner eating fish harvested fyom polluted water (Kedr
and Batterfield, 19h3; Dupomt, 1971). Massive comsentration
of eslls of emteropathogenic J. gAll have been yeported
nessszaYy to produes infection in aduly volunteers. Gore
(1971) made soms observaiions on the bacterial flara of the
densh sand and beack water and found that the major flora
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iselated from the dDeash wvas osliform of fassal ovigia
of yroduging aeid and gas frem sugars.

In the wore epen eoestal watews of Melgium, Pinca gt al.
(1972) and Pimon and Pissk (1972) found the faseal coliforw
%0 total onliforn ratios ramging from 0.13 %0 037 vith &
sesn valne of 0,28, dimilar data chserved in beath avean
in Somthern Califoruia (Call. State Depd. of Mblie Health,
1970) intionted a wore rapid assimilation of fasssl pellution
ocssurring in move open esastal walers.

Brani gf ale (1972) vorind on wvaler snd sedinment from
Lake Ganpirri and found relatively high counts tn cvestal
vaters than in open essed walters. Also they found some
The diffemsnes i2 beterctyophie counts from near shore emd
uid~sectiion of Volta lake were reported Wy Blavas (1972).
Basterial populations vos wunaffegted by changes in tenpe-
rature Sul thewe was ovidanee of am Luverse relastiomdiy
vith dramsparensy in the surfaee lagers.

Pellution of ecastal weVers ty enteris pathogets has
bosn also studied in estuarine and carine envirooments by
Yosghe-purer wd 8huxvol gf sl (1972); Puoletts (1964);
Dreswneki and Fussonanno, (1969), Bresenski (1971) end
Swvel (1972). Gerba and Sehaiberger (1973) found s direct
sorrelaiion between the amount of rainfall ed celiforme
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on an ossan bathing bdeash,

Haskimoto g3 ale (190%) found @ distridution of
wiile stireptoscont in fasees of menm and sntusl in rivey
and Sea vaber 10 Japan, In 197%, Geldredenr publishied
sievebiologieal eonespls for sesstal dathing vaters.

Signifissnt musbers of osliform basteria have besn
noted (Gamescn, 1975) 4n ses wster alijasent %0 a ecoley of
Resting gulls. While 1% is sscepted that the disposal of
Sens ectmarvative substades $0 astuarias et $he sea should
be prevented or yestristed, differengs of opinton exist
Fegarding the nead for limising by treatmemt the discharge
of degradsdls wastes (Calvers, 1975 and Daslerwd, 1975) mnd
for the vegulaticn of vater qualily by the impesision of
standards (Moore, 1975 and Shuval, 1975). Centrol has been
smeTelised t0 dispose sewage 1n%o the sea 1P aceoydmmes vith
mww.-mwlm,o

Mwmlay (197%) écubts the polenttial for infectivily of
enterie organigns in the sea, Wt even the &llution of the
infective agemtis, vill mot prevent the csuse of epddemio-
logisal yrdbleas that asny subelinical infections resuld
hosmise of small infective doses. Faesal pollution of
beashes by 'Indiestor besteris' 1ike eoliforms, B~ gald
W Begaiar end Purk (1972)) Turker (1976); Bonds (¥968)y
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Stovenson (1993); Neore (1959); Berger g3 al. (1963))
Saval g} al. (1968); Grunnes g8 a)s (1970)) Cohem and
Myer (1968) mnd Tinker (1976). Enterie pathegens 1ike
Salmuslla have besn yeported fyrem ssafoods of India (Arud
Jemee and lyer, 1972; Jossph Mathen and Iyer, 1976; Neshek
At ale (1975) and Xyer gk als 197%).

Water, sedisent and send fyom Seuthern Biscayne Bay
vare exanined over a 3 momths period by Busk (1976) fer the
indicator end petentizlly pethogenic Sesteria end yeasis.
The Miami river wes found the met significant soures of
polintson ( 107 total coliforms 100/a1) but bething beashes
showed iow densities of all miero-arganimms sought.

Koo and Wong (1976) fatled te dstect any association
Setwesn the insidenee of infeetious digseass snd dathing in
oongentrations of osliforw basteria exists in sedimnts
rakher than in the overlying weters (Veiss, 1951) Rittesberg
25 aler 1958) and that oells of }. 9ol wvere eapable of
utilising the sutrignts released £rom astuarine gedimenis
(Soxha nd Moleed, 1976). Furthezrwmpe, presenee of estuaring
sediments has been found 40 evhanes grestly the survival of
E. gpll in naturel sea waler undey lsboratosy eonditions
(Gezba and Masleod, 1976). Vasconcelos and Swerts (1976)
stadiet the strvival of dacteria 1n sea water using a
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diffusisn chasber apperatus. in elestrechbenisal method
for saxly dswction and mniSoring of eolifore in water was
analyticslly designed by Wilkin and Boykin (1976)s

Staiies on examretion of dasteria in marine water bty
Stanfiedd end Druing (1977) demoustrated that meihods of
ommaration are ot alvgs egiivalent and that a realistic
assessmat of the valus of a nethed ¢sn Do wnie only vhen
the organisse tO be reeovered have deens axposed to am
awiremmettt capeble of strwssing or sttemating the dasteric.
Rebingon end Stenfield (1977) have demsnstyated that the
variation in total eolifort count o be sbiained in marine
vaters by using diffeyent selective mdia and inobation
prosefares .

Distribution of viral ssd dasterial puthogene in o evesda
samel somunily vas stadied by Gexba gt sk« (1977) who do-
o0%ed high soneemtrations of micyobes in gedimsnts of pellnte
eoastal ereas. Pathogenis ad mon-pathogenis bacteris are
present i large Dambers in bLotten sedimnts ani may de
reless o4 Wpon resuspeusion following dredging, boating,
storws and other achivities (Geyel g a)+y 1977 Greines, 1975

Tabin and Dutikta (1977) found significant differences
between varions brends of seubrane filters in their Dillly
$o recover basteria, fyom pure oultures, natitral waters oy
sewage. Appuvently thay also found that small changss in
the foeubation fewperature ssamet affess the eoliform oound
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isined. A hgh eorrelation of e falaspalla snd
mtereensed indiess wos. fomd YW Viedawets and Xaling
(1977) vhan o staty vas conimeted 40 Ssolate Salicealla
in the soestal sea valuw,

Basterial population strusture in pellnted aress ves
studied by Blanchi (1977) and found that sisple emmaration
of basterial indioators of fascal pellution does noS offer
a suffisiontly realiatic view of the mierohial particiyaiion
in polinticn prosesses, Tennavt end Redd (V978) stusied
lackose fermentation st 3%.9% o W os eoliforn basteria
Ssolated fyon sea weter end shellfish. Ovens (1978) found
B+ 28l satisfactozy o8 an indloster of fassal pollutien in
troploal vegicns after dsteruindng the celiferm and 3. gald
ia inghave avens, esbracing meye than Whree guarters of the
osastline of Nnang Inland.

mere is adsggiate videvos S0-date o shov that enderie
pathogene enxier the Pea in lgrge mmbers through sewvage out-
falls, Hluval (1978) found that all thess pathogens smxvive
long enemgh and in high emough conoentratious to lsed te the
tramuiggion of #he dlseass %o mn ly conbmninated shelifish
sad by bathing in water Righly eontaminated Ly fyesh sewage.

M inquiyy wvas mede in Vramee bty Iys end Iyon (1978)
anong teurists vheo go on the sumey tiue t0 seundds Tesoris
ond ¥iw tourists inforwed that astiens for the protecticn of
suviyemuent in Franpe sye not suffisient. ZThe pwrodbedilily
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of hamen disenses in peopls living in eontact with pelluted
sea water is svalnated by Martin Bouyer (1978) in Fremes.
Zemoni g ale (1978) surveyed six fascal eocliform sampling
sreas of laks Mighigan off the Milwmikes metropolitan area
and found that the gounts drepped rapidly vith distance
fron the shore.

Ristorisally the different aspects of the water industyy
have boen fraguamtied so that water supply, waste disposal
and water polintion have not besh studied in 3 eomprehensive
sumer. Janes and Evisen (1979) aimed to provids a conpre~
hensive review of the role of biologiesl indisators in the
aspesment of waler quality. Qualitative ani guantitative
shundamne of indicator bdasteria and thelr possidls eorrelation
vith eartain eovirommental parameters as sdbundance of fresh
or éeewing falyinis debris and the oversll pollution status
of the Cochin besch are pressnted by dove gf al. (1979).
The influence of M, salinify snd organic matter on the
sdsorption of R. goll and other enteric pathogens in estuarine
sedimst vas studied by lebelle and Gexbe (1979). In ledeo-~
ratory studies of Ragherishia opll and enterie pathogens were
showss to survive longer in the presence of sediment than in
sea wvater alone (Cerda and Melsod; 1976; Vendousel and
Geldnetch, 1971 and la Bells and Oexda, 1979).

Thepliyal gf al. (1972) studied standard plate eounts,
onlifore and entercecasus densities in various nataral waters
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in the Torali region (India) end Adentified 10 IVIC tyyes
in iy soures of vater supply. They considered entere-
ecesl indloator aystem of grester valus thaa the coliform
oount indiosting water pollution. Fhirke and Verma (1972)
werked in river vater saaples 10 Delhi and found a lineay
relationship smong two indisator systewms.

MoFoters and Stuars (1972) sugpested that the sarvival
of evliform baocteria in water is divectly related %0 sowe
ewironngntal paramsiers. ey studiss hawe Dow showt,
however, that eclifure basberia wme sbls % Peprodues in
onrished vater and Viwis falsely indieate an elevated health
haserd (Elisseen, 1967; Dendriske, 1972} and Dutiea, 1973 ).

After a stady of 181 wvaste wvater samples, Chang and
Tates (1973) eoneluded that thore was no eozrelation detween
somamtration of eoliform dacteria, fascal streploevesi,
osliphage, and enteric viruses. Mand$ (1973 ) reported that
908 of the Sivaviceocmus faagalis chtaived from plents, wild
wximals end ingechs differ fyem f. Lassalis of humen origin
i Litwas milk digestion and in fermeuSation into esllobiose.

Cabelll g s« (197%) indisated fallure of the indie
oshor bacterial concedt vhen spplisd to virolegical guality
of ground water, Mlealf g% al. (19%%) found shellfish
culfured in pelluted vaters as & yohntial route of disease
Sramsuigsion,
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Wolfe (1972) established the impertunee of shelle
fish fyom faseally polluted wabers in transuission of
intestingl infectiom.

Steghen gf a)e (197%) suggested that goafood Mgy be
responsidbls for the outbreaks of gastye-enteritis in
dhildven an enterepaiiiis E. apli st ether eoliforms have
a vmdeney %0 asmumilate in fish, shellfish, mssels,
emms, crabs end in sedisgmts. IS has Deen demonetrated
by Ovimes (197%) that these sediment bound fassal eoliforms
vill be released Yty the dredging antivities.

Taylor gk ale (1973) presanind a nev tectmtigue wd &
nev mediun for quantification of fassal ecdiforws a8 there
49 a grouing recegnition and use of faseal coliform group
a8 an indisator of resent fasssl coviamination of surface
vaters.,

Kenerd end Vallestine (197%) hove shown that Whe ratie
of yhage t0 fascel Dacteria is sdout 0.7 & 1 regardlass of
the level of comtanination. This procedure is mov being
Sested in cities by Whe stlantic Ressarch Corporation sad
Publie Techmology in the fislds. The guantity of botd
tetal and fasesl eoliforms in waber is indisated by ®e
SPesificity of basteriophage. FPresmell (197%) 1s of view
that use Of faseal eulifern test wrolds the undesiveble
risk of exeluding sows feseal oomtemination.

Exthan (197 ), Bisscunetss gk ale (197%) used various
yoosvery wethods to detest coliforms in waber W epplying



=0

O'Brien (1979) used gas ehvommtographic snalysis a8 a
yresumptive test for eoliforn basteria 4B waber and

Siire snd Gthive (1973) stadisd §. 2all o8 fessal
indisator by Flucresent intidody Method.

Carnoy g3 a)s (1975) studied ssasenal cecurrence and
distridution of mierddial indiosdors and pathogens in Wde
Iheds river of Chasapesks Bey. Thass niscrcdial indicators
sre evnpistently found An hayboure and their nusbers varied
assording to the degres of organic pellution of ths water
(Raeh, 197} Ruch and Chen, 197%). But yeesmily soms
mthors have isolated enteroviyuges in the sbsanee of indi~
esater Dasteria vhieh supportsd the view, that the basteria
uigrate through eertain soils, Unfortunately very fow stodies
in this line have desn condncbed (Ceada gt alsy Y975 o).

Feasiblility of using osone to dlginfect ses water
use in gontrolled wircmment in shvimp cilfure verve Fub o
the Brvirommental Shriwnpy Culure Ststienm st Meexto Pemases,
Mexise (Domald and Lightener; 1979) 99.9¢ of the pathegens
veve killed within 9% minutes of ninisum exposure period
with osone,

Storage tedimigues of ischezisbhia s0ld stwsive eon-
Saining plaswid DA in 1iguid nitvogen was found in U.K.
Yy Svesse and Sharp (1900), The gas pro@uctisn in lactose
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broth bty E. ggll straing are diveetly serrelated o
of the enrichuent mefiia (Mondows gf ales 1900). IV was
found Yy Levens snd Tuevinen (1960) that various weshrsne
filters used for the isclation of B« gall has got some
Sshibitory effest in the formstion of selaly, siss of the
eolowy ste. In Seo Pamlo, Drasil, longo gf al. (1980)
Sdentificd styaing of B anld Zrom s%eol sanples by diveet
fluoressent antidody tente. Holdzook gt ale (1980) feund
& modifiod direct plats aount method fer counting E. geld
and other entaric pathogans at the UInllaver Research
Leboratoyy, Colworth House, Sharnbrock, Bedfordshiire.
Goosh (1980) evaluatod a maltitest system for repdd Sdemids
fication of Salmzalla ond other enteric pathogens inslunding
indicatoss. All thess methods cre found cxtromsly heldpful
%o find cut vhether a sampls 18 fascally polluted or net
vithia 10 hys of time.

In mumaxy, it eat be stabed that the knouledge of
betarotyophiso dastezia and indicators of basterial pellmtion
in sering awircment hes sscumalated slowly fyom s vauy
late begimning vhen eolpared vith progross in other srvess of
the pareut dlsoipline. MNriciic repords of marise dasteria
sesuliing from fortuitous disosveyy intarspersed with "short-
Sern" aoncentration o vewy spesial groups, sk the genersl
trend of historical developwmt of morine wicrdbial
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sso-Jhystislogy. The pregression of eritisal studies
siane 1960 way de pregnostis of the futmre achisvemsnts
ond dwvelopmants 42 Do sxpented.

snelece



CEAPZTERR II.

NATRRIAL AND NEZTRODS,



CEAPZTER 1.
MATRRIAL ARD MNETRODS.

The genersl methods and materials are as givem belew.
The speeifie ones ave given at appropriate plases in the
text.

The sampling sites in the Dashtwater are videly seperated
and have dissimilay weter and sediment characteristies and
divestly influgnesd ty momsocn eyole and leeal inputs.
Alsogether thyes sets of cbservations were made ot stations
in the aves betwesn 09°38'N - 40%00'N inside the Cochin
barssuth vheve maring conditions prevail, and the results
are shalysed and presented. First set of data wvers collested
auring May 1972 to March 1973 fryom ¥ staticns of which b
ef Cochin (Fig. 1). A $otal of 95 ses waler samples snd 90
sedimnt samples were aialysed for Sotal bacterial pepulation,
Rasharishia sali and phytoplenkton and also for other environ-
uental paramsbers such as Semperature, salinity, oxygen,
phosphate, nitrate, nitrite snd silieate. mMnfinemes of
owironmenial peransters ot the finotmation in the desterial



Fig. 1. Nap showing the sampling Stations auring 1972-73
showing entyy of pathogenie migro-organigms
into an estuiarine water-body.
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population was studied during this period and the results
vere smalysed sbatistisally.

In the seoond set of cheervations data were odllected
Guring Yarch 194 to February 1975 from 6 fimsd stations all
leeated couplately in the Doskvater system (Fig. 2). Porg-
Bightly osllection of water and sediment sasples wvere takmn
and totally 70 saaples were oollected from sea water and
72 sanples were collested from sedimenis from te six stations,
Sedimants of the sampling Stasions I, II, V and VI during
this period were diack silly clay dsposits exeept st Station
1X, vhere the sediment vas yellow sendy throughout the sempling
perind, The Amerisen Sosiely for Testing Material (ASTM)
b Committes on biologiesl monitoring has recommended the
folloving 9 becteria as representative of dacterislogical
indicnters, oolifuorus, faseal eoliforms, (indisster of humsan
pathogen), fassal streptosoeci (indisator of animal pathogen)
esagilase positive staplyloeocsci (imdisator of body poliuntion),
Macixiasens, Jexemcmad hrdxilla sod Candida albissps. Out
of this 9 hecterial indicators data have deen colleoted o
the first b indigaters of faseal pollution during the period
of chssavation. Influsnce of exwiromssntal pavaneters such
as Sewperature;, salinity, oxygen, y&, phosphate and nitrate
on the fluetnation of total heterotrophs, total eoliforws,
Fashaxishia 20ll, faseal streptoccecs and stayhyloeocci was



yig. 2. Map showing the sampling ststions during 197%-7%.
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studied during this period and the resulis were examined
W analysis of varianes and produet moment eorrelation.
A 7atioc detween R. goli end faseal streptocosci vas eon-

In the third set of obsmxvations data wure esllected
from 3 fimed stationg daring July 197% teo June 1976 (Fig. 3).
The first station was fixed neer the woutlh of the sevage
offluant of Cochin aily, the seoond at a place 5 km mvny
from the sewage offlumt vith typisal dDasiwater conditions 4in
the Mattanchersy chamnel §0 Mnow the effeet of baskuater on
sewnge bacteria and the third ons ia {ypisal werine conditiom
Rear Darwouth 0 know the effeot of marise envirumment om
sevage Dasteria as the msan salimily was relaSively high &b
this station as eompared $o other two stations, Station I
snd II 40 nod signifissnily differ in mean salinity. Besides
other ewircmmetitial peraistiers, data vers ¢ollsated on the
distridution of ewganic osrbon and organis nitrogemn %o
asesrdain the influgnes of these factors on the basterial
populgiions sk a8 Sotal eoliferms, . gall, fascal
streplocsesi end stepiyloscsci. The ratiso betwesn 3. gali
and fasoal strephoeceel formed the fassal indsx.

a addition specialised sthudies on the wywogenous
nigrcbial decomposition of the floating weed Salvinia Nolesia
and the effect of this alloghthomis organtis mtier in sedi-
Nt esonysten wore investigsted in %20 arees off Coshiin
during Jamuary 1978 to Osteber 1978,



Fig. 3. Map showing the sampling statsions during 197576,
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e samples for eecphysislogisel studies (Furt B
Sestions X & IX) were esllected from Shaniaughon, EKovalan
and Visghinjan ecasts. Clinisel straine for comparative
stady of bic-chemisal askivity and for aniibiotic sensi~
SUvity vere isclated from sputum, wring, blood samples
fron Sres Chitrs Thisunal Medical Cemiive, Trivendrum,

B+ 8004 typo I for serelogieal studise (Seotien IXI) were
eollectod from water and sediaent during the peried July
1975 0 June 1976 fyom the estuarine eavivomment of Codhin.

Salieshion of watax semnles

Surfaoe sea water wvas eolleeted 1in sterile 300 es
sless bottles in aseptis conditions and kept at h'C wmMil
the tine of bactericlogissl imvestigstions in all the
esllowtions. Godimunt seaples were oellected by the
botion grad (Van Veen grsd (0.0W8 o), Darmett, 1959),
for ulsrchiclogical Anvestigations the only suitsble
squipuent for sedimsnt collection is thas one im vhieh the
eover of the grab can be cpenad fyem shove, Investi~
gations have shown ihat the mmber of bacteria end dtversity
of comstituent groups decrease Fapidly as ¥he Jower layers
of the sedimnnts are reached. Sherefore, e topwoet
layer (in particular, the sediment weter inderface) should
ba saspled for miarobiclogieanl snalyses. The sample bottle
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and palythens bagse with sedissnts ere beld at W% wtid
prosessing, 18-t hours later.

e dedersination of bucteria is not possible on the
besis of their worphologicel charscteriatics clonsj in She
grect smjorily of cuses thelr metsbalic perforgmmce mist
6100 be taken inte asgount. The Lirst reguiresent %o
tdentity L0 well-developing pure culiures of the basteria.
™eir growth in varicus nulvisnt wedia 1s odegrved eed i
partionlar, the fom add pigmmntation of colonies. This £
followed by miervsoopic excminaticn of the fore, sise and
wtLlily of the ¢ells, with the help of the adsorption,
afiesive capucity of booterial straing using suttadls &yes
(Oran-staining, acid fastoess), In addition to miovo-
tonts vere enrried cut, The following blochemieal tests
vere carrisd out, amorg sthers; wtilily, gelatin liguie
fastion, nitrate redustion, H,8 formaiion from eystetne
and sulyhate, indal formeSien, N§, + formstion fvem yreteing
Oy Pepheng, acid and ges forwation fyom sugars, alechels
and glycosidss, stareh hydrolysis, degredstion of chisin,
mtidiotic sensitivily. Seapersturs, sslinity, caygen,
pE, mirients vere deternined and their optine was found outs
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All the yesults were ocllegted in tables. Eath
basterial strain t%ested $hus reesived a ‘profile’ wvhieh
booomes more reliadle with more data it contained.

With the help of these charscterisstion, the identifisstion
of the bacteria vas attempled. The prosedure for
csrrying out the tests 1s desorided in the various speeific
chaplers (Paxrt B, Seetion I). Nergey's Namual of
Deterainative Bastericlogy by R.8. Bresd, E.G.D. Marrey
and N.R, Smith (Bailliere, Tindall snd Cex Ltd., londenm,
1997), the seheme of Usio Simidn and Xsyuyeshi Also (1962)
and also the scheme of Shevan g al. (1960) were referred
for the elassifieation,

Sndiuze nadias

Both gynthetic and semi-gynthetis types of media were
used for isolation, purifisstion, waintensnies and sud-
culture of Deteretrophia basteria and indiestors of
Sasterial pollution,

Aged sea water vas used in the prepsratios of sll wedia
for hetSerctrophie ssrebes, and 4istilled water in the pre-
paration of wedia for indicators of baoterial pellmtion.
The JH of the wedia vere adjustied %o 7.2 (heterctrophs)
and 6.9 (for indisators of Dastherial pollution) respectively
vith the help of K/10 NaCH end W/10 Eel selutiom.



Saspesition
Npbone - %
Perris Jhosphate- o yineh
Agxr -2

Aged 802 water - 100 m)
Sea wvatsr agar uedia vas used %0 isolate all hetero-
trojhic beasteria from sea water a8 wll as sedinent samples.

») Zaaxitel? Asex:
Sommaadiion :
Pretecne pephone No.3 Difee - S g
Batte yeust sxtvast - 38
Basto - Laotose - 10g
Bagho - Agar - 158
Tergiser? . 0.1
Baste Bromothymol Bliwe - 0.025 g
Distiiled wvater L [T

Beeto Tergitol? Agar is a selestive medium for
Easbarisbia 90)i end mesbers of the esliform growp, pre=
pared according to the foymala given by Chapmen'. Chapmen®
reported that the addition of Trighwyl Setraselivm
chlerids (T7C) 80 this wmedium permitted the confirmation of
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B+ 28)) sfter 10 hours of inehation end 3lev $hat this
Chapuan' reported that the sdditien of Tergitel’ to
agar medium gonsisting of protesse peplone No.3, Becto
yoast extract, lastose, Hvome Thywol blus permitted unrestri-
oted Asvelopment of all eolifcom oyganisms and inhibited the
development of Grem negative speve-foruers a8 well a8 Oram-
positive nigre-erguiswe.

m.mw.mm

axsheciex -m_mmww

% Mz‘mwahmw
styaing

» hat D0 Sedenay of spreading.

o.snummao.snotw“mmmm
sanple is inoculsted by swearing the surfase vith the sample
1f 4o surfese of the mdivm 19 dry, DPour-plates do not
give satisfactory resulis as these organisns are heste
sensitive.

The sddition of WO mg of TIC %0 a 1itre of Sterile
Torgited? ager permisting the eenfirwation of . aald after
10 hys of tnobation was deserided bty Chapmen®. §» 80L
d4ces a0t reduse the dye wiile other soliform organisws
rarely fail 0 do 80, Surfaee colonies of B. gali on Whis
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mdina gre greenish yellow surrounded by s yellov hale
vhils eothor ccliform surfase eelonies are davi-ved. Readings
ean be made following ineubation st 37°C for 10 hys.

e) KL Assxs

Daanal Rixanicecens.

gormnafifdlsas
Prodecse pephang M. ~ 10 g
Teast Extrast - 90 g
Sodium chlowide - Sg
Sodtum glyesverhosyhate -~ 10 g
Maltese CP - 20¢g
W -1.0
Bodiam Aside - OM

Sodium earbonate AR - 0,636
Sromogrescl purple = 0,015 (1 ea £ s0d)
Lresy - 20g
29 each 100 ml of the ovoled medium 1 Wl of 1%.
2, 3, 5 Srigheny) tetresolium chloyide is slso added defore
pouring 1n40 the plabes. Plates ave inebated a$ 370 for
%3 ks after vhich the Ted snd pink cslomies sre ecunted
a8 Fassal 84repboscesi.



298al. salifoxrm

Semmaaition: s/L
Basto -~ pephone - W0g
Lastone - %0¢g
tediam ehloride - Ss
godtmm citrate - 2¢g

Dipos - phosphate - 25
Sodinm desaxyshelate - 1 g
¥ nautrsl red - 3m
Agax - ¥g
Characteristis colonies sppearing in the desexy-
eholete medins after fh hys of insdation o 37°C are
styoakad on 0 EMB agar follewed by confirmetion bty E.C.
sedtws test.

Eamsxr s/%
Pephome - 108
R, - 23
Agar - 208

Te the sterile 100 ml of Wollen agar ave alded 1 g
of lestose 2 wl of X Bosin and 1.29 xl of 0. mettylens
bine.
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Balleading o/t
Baato Tryptene - 0 g
Lastose - 5
Bashe Bils Salds No.3 - $.5¢g
Dipot. yhosphate -N8.0g
Homopot. phosphate - %5g
Sodiwm ehloyide - 5s

e) Chalnen's jgaxt

Soumentiion g/L

Barho youst extreot - 2.9
Basto - Tryphene - %0
Golsbin - 30
Mennddeld - 1
Lastone - 2
Sodium ghlovide - 7
B, -5
Bromeresel urple - 2.9 ul of 1% sel,
Agay - 15
DW, - 118,

b

Suspend the ingredtents in 1 1itre dlstilled water,
hring to the bolling stage to ¢issclve conpletely, sters
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W mteslaving at 121°% for 15 wiwmtes, dlsperse the
precipitate by gentle agitation Defore pouring into petri

Maaxal Daigg (Asvonean, 1970)
5, - tos

Nsq, mao - 0.9 8

Res) - 0.5 8

6“12 - 0,18

» ‘“ﬁ’t 80, é IaO - 0,009 g

Agny - 15.0 g

Vaboy - 1.0 14%,

Chitin precipdtate vas supplemstied to the mslted
sedins $11) the mdium beooms Warbid md pE wus adjusted
S 7.0,

Clasned yram ocarspess wes desalsified in 1% (YAV)
Hol for four dys. Hel selution uss changed wwerydsy. The
sarapase vas washed end plated in X (W/V) Kol for 10 4dws.
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(Kell vas Doiled & times duying the 10 day peried). It
vas thet wvashed, b £0%0 strips and sxtrasted four times
vith dotling ethamol. The chitin was dried end stoved.

Chitin preciritate vas Jrepared bty dissolving ehitin
strips in okdlled 50 (V/V) Eg80Q, and precipiteting 18 W &
15 fold dflution with water. The precipitate was washed
fyee of aoid, esbedded in distilled water and stored in a
refrigerator,

The madium was sterilised ot 15 1bs. pressurs for 15
uimutes. The inoouladid media were ineubdated for two wesks
in davimess at 20°C. Celomies of ahi{incolsstis basteria
vere recognised by the develspuent of transperent haloe
surreunding the colonies.

2. Gatimsien.of Urselyiis.nemiladiions

Sxintenaen's Ures Jeax!
Nytone « 108
mym, - 20
D. Glnecee - 105

Agay - 20,0 8
_ - 60m
(O.28 siirton)
m - 'to uto
ﬂ - 6.0 - 709

The nediun was sterilined by intermittent heating
for 3 dsyn snd cooled to 50°C. 20f Urea solusiom, previcusly
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sterilined ty filtrssion thyough s mesbrane L£ilter, wes
then added %0 give a final concemtivabion of ¥, The
plates vere incubated et 7oom tesperature (28 I 2%) for
saven days. Treoclytis sstivitly was detected Yy the change
in golour of the madinm fyom 1ight yellov $o pink,

3. Exsimmiion of salakinelriis pepwlation:

(Harrigon and MeCanes, 1972)

Teptone - 10.0g 295¢g
Mt extraot » 10,0

(3 Lemeo ) ' 25
Gelatin o =0 8 1.0 8
Agay o 150 g 3.7¢
ister - 1.0 148,

| - 7.2

Medinn wes starilised ly sutoelaving for 20 mimites
st 115°C. The inosulated plates wvere incubated &t room
Souperatuare (28 2 2°C) for 8 days end tested using wercurie
ehleride solusion of the following composition:

Mereuric ohloyide - 5.0 g
Ceno, Hol - 2.0m
Dist. waley - 400 B1

T™he plates were f100ded vith 8 « 10 ml of the yeagens.
Uikydrolysed gelatin formed a white precipitate with the
resgent. Gelstin hydrolysers wers idemtifiod by the clesr
halos avound the ocolonias.
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(larrigon snd MoOancey 1972)

Ryl - 0.0 g

Moat axts - 90.0

(Lad Lomeo s
Casein - 30.0g

Ay - 15.0g

Watay - 1.0 11%.

¢ Canein (BDH) was wsed instead of skis-milk,

The mdiue vas sterilised st 15 1b. pressure for 15
wiattes and the inoouloted medium ves incubated ad reom
Semporatuve (88 1 2°%C) for o leest 7 dayw. Caseinelytis
basteris were detested Ly the appesranes of clear SONNS
aveund the colonies.

S EaAtmsdion of swrlalrsis nesulakion

A nll'a 2230 o mdton s starsh
Pephone ~ 5.08
Toast extrast - 1.0
Ero, = 058
Yelo, 7 Hg0 - 0.0%g
Seluble shareh -« 208
Agsx - 15.0 g
L o 1.0 14%.

P~ 7.5=~78
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The mpdin: was sterilised at 15 lds. pressure for
1Y uinutes. 7The inoclated plates vere inmibated at yoom
Sonpavature (28 L 2%C) for at least 7 days and Sested with
Gram's S0dine sodution of the following cowposition:
Jotassium Jodide - R0 g
Isdine - 4,08
Dish. watey - 300mW
e plates were flooded with 10 ml of Lodine solation,

Unbyrdralysed starch feaymed a blus oelour with 1odine. 7The

6. Zatlmsiion of Jinelviis momlasion:
2xeen_Agax (Earrigon snd MCenes, 1972)

Raphone - 10,0 g
o 0O ¢g

Cesl,

?nu 80 e 90,0 W
Sardisel monnclests)

Agnr - 15.0 [ 4

“‘" - 1.0 ut.
ﬂ - 7t° - 70’0

Mdtun vas sterilised at 15 1de. pressure for 15
uinutes. The inostlated Jlates were ingubated at reom
Senperature (28 = 2%) for 7 dagn. lipelytic eoloniss
vare detested by the eprearsnce of opaque sones suryuanding



1P

When. Appeayonoe of a waxy msterial sround the colentes
wai the L4eniifisstion of the ithereikion of inselwdls eleis
anid forywed a8 a yesult of lipese antion.

Zranaxation. of sensASAYANY disast

1 Madatliin ¢ 10 wnita/aise.
1 Vial eontained e 10,000 wnits
Dissolved in 10 ml of phospbate buffer with pH 6.8
80 that 1 nl oconfatined 10,000 umits.

1 ul of this solnticon diluted vith b wl of phosphate duffer
%o malw 2,000 umits in one ml, 200 dises vere wetted vith
this eme 8l so that each disec contatned 10 units of Peniesillin,

2. Mamiadliin ¢ 10 g/disc.
250 ng (290000 g) disselved in 12.5 ml of phosphate
mmt"»’
10l onfained <~ 2000 g
1 = d5luted vith 9 nl of jheerbats duffer
80 that 1 al contained 2000 g.

800 dises wers wotted wilh this one nl o that eath dise
sontained 10 g of ampdeillin,
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3. Shraniewrain ¢ 50 g/dtse

Disselved 1 gu (1000000 g) $n 10 ul of &istilled waler
1 ul eontained - 10,0000 g of the mmtidiotie

Again dtinted 1 ml vith 9 ml of 4istilled water
nmnnmmmg/w&

(1 ul vas used %0 wes 200 dises).

b Emammain + % g/dtso.

Dissolved 0.¥ gn 4n 0 nl of distilled vater
0.5 gu comkatns %,00,000

1 ml oantained - 50,000 g.

2 ul of the entidiedie vas dllubed vith 8 al of
distilliad vater 90 that ¢ ul eoniained 10,000 g.

(1 w) of the final selution vae used to0 wet 200 dises)

So Zaixaaraline snd Chlorssabenisnl ! %0 g/dise
1o « 200 dises
1 ul should oomtain - 10,000 g
2, 50,000 g glssolved in YOF alachol ir § ml,
1 Ml contained « 50,000 of the miidiotis
Plluted 1 nl vAth k ul of WY aloohol so that
¥ m1 will gomtain 10,000 g/ml,
(f wl wvas used %o wet 200 dises.)
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6. MEAXaR : 300 g/dise.
Teblet comtained MO mg.
1 2l 18 used o0 wet 200 dises.
1 ul ghonld ecwbain 300 x 200 = 60,000 g/ml,
Dissolved tablets in (450,000 g) 7.5 ul of haf alechol
20 that 1 ml will eontain £0,000 g/ud,
(1 ml wvas used %0 Wt 200 dines)

7. Samblamxain ¢t 10 g/dise.
200 x 10 = 2,000 g/ud
DLubed 0.1 ml with 1.9 0l atstilled water b0 mks
WOOO‘DM'!I!’J&M!.M‘.
(t m) van used to wet 200 dises).

8. Bxilcemmain ¢ 15 g/dles.
19 % 200 = 3,000 g/md
1 Agule oomtaing 250,000 g/wl
Dissclved in 8,3 ml of Absslnte alechol
1ul = 30,000 g
Dilated 1 al with 9 ul sbsclute slechol
9l eontained = 3,000 g.
(Y ol vap used %0 wet 200 dises).
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9 Qeshoren ¢ ¥ wg/dise.
Tul =200 dise = 1,000 g/ul
Dissolved 1 gu 4n § ml of 41s83lled water = 200,000 g/ul,
DPiluted 1 al with 9 ml of distillied weber
1 1 contained = 20,000 g/ul
Diluted 1 w vith 9 al of distilled water
1 ul contained = 2,000 g/ml
Pdluted 5 ul vith § nl of distilied waber
80 that 1 ul eontained 1,000 g/ml.
(1 ul vas used $o vt 200 &iscs).

Slaatdng s 0harilizadion

Glasswares vere £irst cleaned vith dstergemts and
then vith seidified potassinm dichregate (K 0.0,) solusion,
They vere thoroughly washed under swining Sap-water and
finally rinsed with distilled water and laft for drying.

The culture medis contaiming glucose were sterilised
at 10 Ibs. pressure for 20 wimmtes. All the other medtia
were sherilised st 15 1bs. pressure for 15 mimtes in 4he
wmtoslave.

than ingide thelr respestive domes in hot-alr oven for
14 heurs at 160°%.
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Spetila, inoenleting nesdlss, mortsr snd pestle and
mmmmmwmmunm
spiri§ and dy flaming it to red heat.

The wooden inoculating chezber wat sterilised by first
wiping all 1t%s walls and gurfete with reotified spirit
soaked in cotbon wool snd $hen Ly spraying formalim (W
formldehyds soluticn &n weter) faside he chasber. The
forealin wvas allowsd %0 evaporalde avay defore using the
chasber. OSous oxystals of p-dichlorsbensend were also spread
ingids the chasber to prevent mites ineide.

Snsitakixe shalrais s

asthods t© ertinate basterial populations in a given sample.
Bvery wethod has 148 advantages and disadvantages and there
is a defimite protossl for eash method. The methodsutilised
in marine uiorebiology ave diseussed in several yapers end
books (Jummasch, 1965; Rodina, 19723 Z0 Bell, 19hé6).

2uix=plate_tachniae ¢

Depanding on the antisipated basterial mmbers snd the
Srdidity, sanples were either conesniratsd or 4ilmbed.
Plate eounts were mads by the pour-plate tasimigus using
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a mdive couposed of 0.0 yeast extyast, 1¥ peplene and

2% ager in aged sea watey. The medium was found %o yield
higher total counts than oxdinasy sea waler vithout yeast
extrast or outrient agar (Hi-media) in sea water Du§ it
requized a standard incubstion for ohe week at reom teupe-
Fature. The pour-plate tesdmique was found o yield higher
oumis than the spread plate,

he bottles are vigorcusly egitated, the mouths of the
hottles vere fiamed and a dilution series is prepared, 1 ml
of the sauple 15 added to 9 ul sterilised ses water and the
test tube 1s agitated vigoremsly. The muzber of dacterda
per wi111liAre has now Dean diluted €0 1/10 (= 10-1). This
step 1s repeated with sath of nine nev sterils pipsties waiild
the anticipated number of basteria per mililuetre is less than
300. M eltoupt vas nade %0 have 2o move than 300 colonies
per plate, a8 recipressl influence vill othervise develap.

If a seriss of 4tlngioms gre made of o inooulum of a
partiouler dilution/dilutions is pour-plated, the total
muber of viable organisms present in a given @uuntity of
the 4liution my be deternined. This wethod is known a8
the pour-plate method for the emmeration of visble organisns.



eraged the scunta eblatined and reperied as asrehie
plate count/ui/gm. Telal plate comt per gu of the sample
vas eoaguited a8 follows:

IO.W ;' h.dwﬂ!m:

Veight of the sample in grame.

Saalilalive smalraia s

8ines it was impessidle t0 examing in dstall all the
celonies which gyev o» the csumt plate a 1limited mmber of
basterial styuins vere isclated vith different morphologieal
aPPeaTanias and preserved in sea vater agar slapes for
furiber morphologieal and bDicshenisel investigstions. VNell
Lisolate vas stresked 3 tines t0 gheok the purity beforve
the testing progran vas esrried eut.

Culiural charasteristies and bicehewical reactions
vere stdied bty standard prosedires (Xarthiymnd end Meha-
dwva Iyery, 1907) using aged sea water 10 nedia preperation,
Rash of the isolate was exaxined for sclony wmorphology,
osll moyphology, Gram yeastion end wodility., Gres-staining
vl erried cut using Englier's wogifications. 7The imoeulnm
for Gramwetaining ves taliem from 2% br. oulimres. NoSilily
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vas astertained using hanging 4rop yreparsiion of young
droth eunitures as wll as insculating into the top of 5 em
of Mugh & Leifeon's medium, stads, incubalting at reom
ouparainre and enaining for spwesding of twrdidity.
Gemarie clans ifisation of dasterial iselstes wvas dobe
ascording $o the sshems of Usio Simid: and Xanygeshi Also
(196a).

Along vith basterial analysis determination of wvatey,
Seuperature, oxygaa, salinity, mirients and phytoplankton
omyation vere also nade. Oxygem wes estinated bty Hinkler's
wethods Salinity wes dsterwined by using Haxvey's method.
Retimtion of mutrients vos done according to the methods
suggested by Stviskiaad and Paysen (1968). Forsalin pre~
served sanplas vers ussd fer giantitative soumersiion of
Iy toplankion,

1o Gmmaad nlade. aouRSios Sesheisies

Syvead Plating is peshape the wost commonly used
Seshnigme for dstemining total visble counte (IVC) of
B 2808 The muscess of the tochnicwe is dependent ob
e métun, the accuresy of the dilutions, the precision
of pipetttng and the caro used in spreading the inceulunm
on the surfase of the plates., Care was taked %0 ensure
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that hot glass spreadsrs are Dot used $0 spread Seaperature-
sensitive basberia.

0.5 ul of the originel swppls of sea waler vas pouved
on te plates and spresded the inosulum evenly using sterile
hoshuy stioks. In the case of sediment 0.5 ml of the tO°F
mmmm!’mm-mmh
inoonlum evenly until the inocilum was sbeezbed eowplately
1m0 the media. Them the plates were Ltwerted and ineubated
at 37°C for 3N hrs. and colonies were counted after S hrs.

Jeoladion. apd Sdsniitisadion of Bscharishla snld®
Zxssad e £or suamazadion !

1) Ihe preparstion of the test sanples vas the same w8
given fer the total plate ecunt. Isre omly 10°' ang 10°2
of the inceulus was used for the enwmeraticn of the erganisas,
Using 1 ul of the inosulum from eash of the sheve dilutions,
ot Joast Wwo plates of Tergitol’ agar medium were poured,
oath plats sontalining sbout 20 wml of the mdinm to ensure

& good growth of the organisas.

11) IF found nesessary, the Plates ware dried as %% for
shout 45 uinates. Ome wl of the imoeulunm was pipested on
the surface of the dried Tergitel? agar plates and the plate
vas stresked with a sterilised demt glass rod $111 the
inogulmm get sbsorbed into the wedinm.
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111) Inewbated the plates for 16 - 18 hours at 37%.
Colomnies hawing the following eharacteristies vere oomnsis

dored w8 By gplhs
a) Cireulgr, non-miooid snd flat oolony.

b)mg%

oolmy «
e) The mavgin of 4he vhich usually

usakizes wre or lees of the calony
dlameter, 1is grey 1in .

aanmlzmum«mmmm
exesed & mm,

Sespletous colonies on Tergited’ agar plates vere
suboultured into Matrient agar plates which were incibated
for 2v hours at 37°C. Rash ciulture was mbjested t0 the
folloving bloshemical Sests t-

1) BRijkman test
11) Indels yrodnstion test
151) tlyl ved temt
tv) Veges-proskmer (V-F) Sess
v) Citrate wiilisation test
vi) gt:n%mﬁm h:t using polyvaleet

1) Eiikmen Seeks
This vas sarried out as follows:
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Ioosulsted MNasecnsy breth, warmed to 37°C, mmd

inoubated ab W = 0.19C for 48 hours. A positive yesuld
is indicated Ly the profmeticn of both eoid amd gas,
R+ 20ld swve positive remulis in the test. If the orge~
nise produces both aoid and gas in MaeCambgy Lyoth within
U8 hours st the shove Sesperature, the following coafire
madoxy tests were carried out.

11) Zndala tesl’

Nptone vater (5 nl) wee inosulated vith & hours
mutrient agar cultuve and incadated for 48 hours as 37°C.
Aftey inoudation 0.5 m) Kovas's reagent wves added, shalen
well and examined after 1 end 5 uinutes. A rod sslour in
the reagent leyer indicated the yresence of Indols. J. sald
prodiioss Indols in this Sest 1.8, positive resstiion,

Mdhyl 3ad (S sod YosssoPreskoues. (V=P) st

Yor both these %ests a lecpful of h hours mutrient agay
sulture vas inomlated into 2 tubes of Gluscse-Pheszhabe
uedinn (Clark & Iub's Dyeth) end imsbated then for M8 hys
I"feo



11) B deahs

To e of the sbove inoubated Gubes 3+h dreps of
0.0 metlyyl Tod solntion was added. A magenda yed colour,
showing the presence of asid, is yegarded a8 a positive
reastion, s yellow eolour negative snd sm orenge colour
shoved m equivocal () semult. K. gald s=ve a positive
resuly in ¥his Sesd,

tv) Y=R iass

e 4he seaond twbe of the duplieats oulture sdded
=3 aveps of Creatine selution (¥ ereatine in 0.1 N-R0IX)
and 4 ul of WO¥ XoH aquecus solution, The Wde was shakey
vigersusly, umm.mbgmmumm
1 ad b hourss The develeyment of sm ecsin pink caleur
indisated a yosiiive zeantion, a yellow ociouy denoted a
negative resotion and g iight desp orange brown olour indie
sated a2 oquivecal (<) resuls.

If found neoessasy, the ®de, before the sdditioca of

reagents, were wvarted gently %o sdout bisod-heat (in a waler
bath o8 37°C). E- 20li §wve Degative result in this test,
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v) Siirate Dhilisabion dashs
This st wan serrisd out a8 follows:

ALl glassvares were made ehenically elowm snd
allkcali-free .

fd-eultuyed Yergitol? Agar oulture 1nto & Metrient
Agsw plate and inoweted the piate st 37% for 2 hours.
Oeing the 3¢ hour mutyient agar sulture, a light suspension
ves mads in sterils water or saline and incewlated the tude
of the Citrate vadium with a sirsight vive. The tube v
ot 37° and examined Gally up to 7 dags for GodAMY. A
tube of the sterils mdhm (net inomilsted vith the orgsnism)
should also be inmbated along with the incaslated twbe %o
be used a9 oomtrel.

A8 §. 2803 dees mod wiilise citvate, turbidity will mot
develop in the mdium in the presense of this erganism and
Shus the inoalated tude will sppenr a8 ¢lear a8 the un-
inooulated one,

"0* entiserum alec performed. This test wes oarvied out
in the manmer a8 follows:

daxslogionl fashi
Protested all §. ag)i sevclogissl mnticers with human
test aultures t0 elsure rolisdbility of results with uwndmowm



- R

enltures. Visdls cultures vere handled sarefully $o
provent sentaninating eswircament.

Iaixxaleni. somsbie. (Q) alids ox Dlake hesk

Using wvax pameil, sarind 2 sections 1 x 2 en on inside
of the petrs dish, Mased 1/2 of 3 == lospful of culture
fren 2 o 48 hours Matyient ager slant on dish in wyper
part of eash warhed section. Add/Y dvep of saline solutiom,
te lower part of sath marited section. UHith slean, sterile
»chmc—mmmmumm
solution for 1 secticn and repeated for other sechion., Added
1u»:i-mmmuto)meum
of emlsified culiure and mixed wvith oloan, sterile trawfer
loop or needls. Tilted the wiximye in bDoth sectiens bask
and forth 1 uimute and observed against dark background.
Any Gagree of sgglutinetion wes ooxmsidered es poritive
reastism,

Classified yelyvalent somtis (0) %ent as:
(a) | -%_
SERaETa
) BT s i cuters-
(nmmmw.



Coliform ocount' of ecliforwm hasteria ¢clonies grown
on Sodium dssoxycholate agar. Red or Rose solonies after
W8 hours of ineubation st 37°C.

Bamilh s

The presence of ecliforms in water indisates yossible
fascal comtamination,

Sadilfoxn. meribalosy and. shysialogy s

%« Now spore-foruing, rod shaped, some flagellate,
nestly fimbriate, aprroximstaly 2 « & un by 0.5 um,

2+ Coliforms take a negative gram~stain, “Gran-Resatiy

3« Coliforms ferment lastose, with the produetion of
g8 and andd.
e

b, eoufemA asrobic and fasultatively snssrcdis.
S5« ZThare ave 16 evliform IWIC types.

Salifare_solany. shaxasiaxisiion:

Calgurs~ Basisally piak $0 dark-red plus a gelden
wetallis sheen,
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fimms- Varisdle.

Shest 2igst- 7The wtallis shee may oover an entire
sololiy o i% may consish of a ooneentyate in Whe centre of

the colonyy.

Seasis» It 43 asmmed that one coliform organism on
the surfase of the medfum produses one visidle colony.

Iaasel Coliforn Sesh s
Fascal eolifore ocount'! of feseal eoliform Dasteria
grown on the surfase of a Tergitel’ Agar.

Bapulds
The presence of fastal coliforws in water speeifically

indigstes fuseal waste contamination My vars-dlooded animels.
Inasal ondifores. norshelogy s

Jdantical 0 the typioal oslifora merphology.
xaialonx i~

IS varies according %o INVX classifiostion test for
coliforas. Faetal coliforme ave by ++e- (typieal E. guld
variety I) wilh twee gnd «tee ype o8 wll,
Isasal S5xanionoasiia Seah ¢

Yaseal Strep onnt' for faseal streplosoccus eolonies
growm on the surfate of KV Agar.



fisally indicates fassal vaste comtamination dy varm-
blocded animals.

Mexxbelosx snd Rusielesy s

1. Sberical or oval eells. Arranged in paivs. Eath
sell 1 m1 in dlaeter non-ustile, NOR-Spore fOruing sOme
capsiate .

2. Oram-positive,
3. Growth at M5°C in MOS oom. of Dile.

Ne
mémum,wum

,- Asxrobie,
6. Modates asid but not gws in memnitol and lactose.

. Duanal _enliforn. - Fastal S5Xen, Dakia®
Senptrushion

Witk tha inersese in iwvestigation and use of the
Fasoal Streptoscscus test a significant analytical %0l was
doveleped. It was formilated from data ecneering faseal
esliforn and Fassal Streplocoesus onunts at the same sanpling

station. The two ecunis were set in proporiion as follows
and ratio detwesd Faseal oclifora and Fases) Streptoocesi
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vill give the fascal index.

(1) The preparation of the test samples vere the same
as given for the total plate count. Here, only the inoculum
vas used for the enumeration of the organisms, At least
two plates of staphylococous wedinm-110 were poured, each
plate containing sbout 20 ml of the mediun to ensurs a good
growth of the organism,

(41) The plate was dried at %% for sbout 45 minutes,
Pipetted 1 ml of the inoculum on the surface of the dried
plates and the imoculum was spread over the surface using
sterils bent glass streaking reds.

(111) Inmcubated the plates for %8 hours at 37°C.
Only colonies with orange yellow colour were counted as
pathogenic staplylocoocus.

(4v) Well isclated suspected colony was pdoked up
and streaksd into a nmutrient agar plate. Incubated at
37% for ¢ hours and sach suspected cclony was subjected
%0 the following test:
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(s) Jiarosoeoisal szanination

Wher viewed under the niovoecope, the eells of
stajhylcenuci vere Grem-positive esoeli wrywnged in grape~
iike elusters on s0lid wedia and in pairs, small groups
or shord chatme in ligmid wedia.

() Gosgnlaxe Sask by s3ide tecduicue:

fwo Grope of water were fakel cb a clea® miavescopic
slides In sach arop emilsified a suspected colamy to
prodnes a thisk and homogeneous suspension with the ainimum
of spreading. Added a 4rop of undiluted humen or rabdil
Plasus %0 one drep end uizsd gently. Cosgulate-positive
stajiyloschcd produned Mierosoopie oluxpdng within § - 1%
seoms. Delayed slumping does nod constitute a positive
roasticon, The sscond suspensiod served ss a eomtrol. The
olumping wmay be noted hy cowparing the test suspension vith
the sontral ome. Simtltaneously, Grew-stained preparation
of the 48 hours stapltyloccacus nedium 110 plate culture of
the suspected organise was examined undsr the nlaroscops.
Cram-positive cooad srrenged in pairs (usually in clusters)
vas regarded as staptylocoged.



Inoculated the vater and sediment samples after mixing
weighed sediment sample in 100 wl of sterilised sea vater
o8 follows:

oy 40,95 Subep Synes of medium
ul 0 Doudle
% mmbm
O Five ~@ow
g Five Single
’ mam;mh
0. m} Five ol
Dowilated the tubes at 37°C for 18 - 2+ hours and

observed for gas production, and if nmegative, incudbated
faritior 2 hours.

Tibse shoviag gaa Jeduetice ) Presmmyiive oolifors

2. DRifferemtia) collifern test (RAIkman. dazs):

Singls strength MaConitay droth. (0 differentiste
k. 29} froum atypisal ecliferms). Ihe pesitive presumptive
tubes wore taken and vermed them %0 37°C. The tubes weze
sdboultuired into NeConkey Lyoth (Single strength) snd
inexdated at WAC for b hours in a water bath.
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Tubssvith gas predustion ave oonsidered as pesitive
(E4Jiman‘'s Sest). If o gas - at 4% = Avypieal colie
forms., Gome types of atypical celiform alse produice gos
at W, This oan be identified lty their fallure to pre-
auce Indole at W%C. Henes perroillly Indele test was
done st W'C (40 pephone water).

Gonfirmed typiesl ecliforn counts were done by using
different volunes of media as dome in presumptive test.
AS 3 oontrol a positive and negative esnt be ingcluded. ZTests
vere made similtanecusly both at 37°C and at We%C, Typical
B+ 204 vere 1dentified finally by Bio-shemical tests 1ike
MR test, V-P test, Indols test and Citrate test.

Using the positive and negative tsst tudes the couny
por ul of the swple wvas oemputed by using Thoma's simple
formila vhen following NN methed

No, of positive tudbes x 100

WR/100 W) =

RBash of the eultures isolated was kept in stoek 4in
duplicates one on ses valer agar slant and another in
20 Joll 2216 sgar slants. J. gall ves kept in steck in
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mivient agar slants. Well groving and sporulating
suliures were ssaled YWy dipping their plugged ends in melted
wvax. These vere then stored in refrigerators st b & 2%,

Slants of Sui, Io Bellts 2216 and also all media in
dlk vere stered in the refrigerstors. The neck of the
contalngrs vere tied up with polytheno sheets %o prevens
then frem dxying wp.

esaese
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CEAPZER IV,

PART A3BCOLOGY.

™he impartance of heterotrophs and dasterial
indisaters of pollution in fisheries researeh has not
recsived much attention in the ecuntyy. In general
the Meterotrophie Dacterial sounts were found to inereass
in proportion te the oocunts of the pathogens or indioators
of pathogens. S0 viunever the fastel pollution lsvels
vere measured 1% wvas gustomsry 0 etadusi, the hetero-
treghic dactsrial assays of the same enviromment. Henoe
the mumerical sbundance and sessonal varistion of some
heterotrophio Dasteria, thelir genariec ecomposition and
bioshenisal and ysiclogiesl reactions were studied for
thres yoars during 1972-73, 1975, 197576 in the
estuarine, snd inshore mayine environmedt of Cochin in
order 10 assess their eeclogiosl importsnes in agustis
ewiromments. 4o abtespt was also made 40 correlate their
seasomal variations in density vith some of the physico-
cheuisel factors suh a8 temperature, salinity, cxygem,
JH, rainfall, mitrients (phosphate, nitrate and silisate),
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orgmnis earbon and organis nitrogen snd with the seascnal
variation of phytoplankton,

The investigations consisted mainly of a quantifative
and alitative exsninstion of sea vater and sediment samples
eolleoted fortnighly during the study pericd. The purposse
ef e study s to dpaaride mmerisally and taxcnowmically
the heterctrophis dasteria resent in the water celum end
sediment s diffevent loel In estuarine enviroment of
Cochin hy sampling twice a wonth for thyee years (1972-73,
19275 and 1975-78). Geasona) percontage varigtion of
shundant dasterial genera was studied and their enzywctis
potantial ves assessed by waing verious biocheaisal and
physislogissl experiments,

Axea al atady:

T™he stady avea in Coshiin Neciarater conprises a ahain
of shallow Drecikish water lagoons snd swamps, is situsted
detween 1at. 9°98' end 10° mnd lemg, 76°13' wnd %12
(rig. 1) The length of the sres stadied is shont 65 km
ond the width varies frem 0.5 S0 shout 15 km. A chammed
of sbout 500 B width ab Cochin males a pevimnent comection
vith the lakshatdwesp fea., The major soures of the fresh
vater for the bdatirater is from o large rivers, Periysr
in the north gnd Paspa in $he south, JFour other small
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siveys Yig., AMhankolil, Manimala, Mbenachil end Moovatine
pasha alse flow into the daskwaters. The depth of e
backwater varies eonsidershly. IS is dseper in the harbour
ares ¢lese %0 the sea, the dapth being about 12 m and
shallower in ths upper reathies with a depth of sdout 15 u,

The area of study during 1972-73 is ecnfined to these
eress of the baaliwater system, the £ivet b stations being
situsted detwesnt Avesr and the barwcuth and the 5th ove in
peritis waters in the inshove envireument of Coshin. (Fig. 1).
AL the sampling stations during 197475 were sitmsted in
he estuarine euwirenmeny of Coshin Beskwater. Altogethey
6 fined stations were studied, b of them situated in the
bracidsh vater, vimress 2 of thes were almost in fresk water
oonittion (rig. 2). During the ¥aird year of study, 3
Stations vere fixed betwesn 9°28¢ and 10°N in the sstuarine
area ~ the first one wvas fized near the sewsgs oullet.
only vhen the distenee fyem souree of pollution is shors,
s significant, systematic difference betwesh stations ¢asn
be donmstirated. Ihe distanes Detweesh sevage and Station
I 1s sbous 1/2 kilomstre and ¥his stesion is influsmced by
nearby sewage and drainage eutlats almost emclusively.
AfSer a distance of sbout 3 kn the effeet of diluntion, sedi~
sentation and desay ave evident and after 3<b hour passage
of sevage along north-west cossnic ourrents the fascal
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polintion in ether two stations off the sevage cutlst is
rediueed $0 less than 105 of the original amoungs. Although
Station IX is situsted near the darmouth scmally 1% is
in estuarine exwiromment demingted by sarine csnditions whieh
vas evident fyom Dasherisl and chemical parameters. The
meen salintty is relatively high st this stetion, as come
pared to other two stations., Stations II and III do Dot
differ significently in mean salinity,

For many years the yossidls effeets of sewage pollution
in fishing axd publie henlth gave rise %0 the insreaping Comonm
aneng techmologists, scientists and others, In a recent
study of Cochin Baokwaters it has deen shoun that (e dip-
ehargs of wtirected sevage into water Dodies osn é4o a 1ok
of dsmage. The study poinis ous that organie pellntion,
u.ﬂmgam.mummum'
vhere the sanals join the backwater syates. Nith all
these points taken into eonsideration this area was
sslested as it forms a potential eowirosment $0 moniter
indigenous heterotrephie Dacteria a8 well s exoiie
besterial indicators end pathogens.
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Y8+ Jro-nmscon pericd (Februszy %0 May) of high saliaify,
BORoon period (June to Septesber) of very lov salinity sad
post-monsocn period (Octeber %0 Jumary) of rising amd
fluoctuating salinity, Hpdvograghiecal studies were wot
esndneted in Station IV. Data were mot wailshle om 4~
selved oxygen snd miirients in surfase sedinents of all

the stations.
p -
1973=71+
Surface snd dotton vater temparatuvs W cbserved
at the b atations (Table 1). lowest Sewperatuze of sur-

fase and Dottom vater were recorded (27.5% and 27.5%
respectively st stations neer Thevars during June and the
Righest (31.5°C and 31.2% respectively) ot Station I near
Aveor dnring Mereh. A suddem decresse in temperabere vas
resorded during the pre-momsoon (Fig.18 a & b).

P22
Reoouds of sessonal changes in teuperature ave showm
in Fig. he A0 axmmination of the swaves shows that,

during the pre-nosoch wonihs, Sesperature resains wunifors
beth im the surfese a8 well as in bottom vater and yemaing
at the mximam, With the onset of wmmsoon in Mgy the

change in the WNIperature booomss apparent.



Fig. b. Showing tesperature (%0) of the water and sediment
in the sampling stations during 1974079,
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Maxismn Sespernture of ses vater was recorded (30.1%)
in Statiens I end II during Mareh and April in the Jre~
monsecn months and in sediments dnring Aprdd (30.0%).
Mintmn temperstire vas recorded in vater and sedizents
(25.5% and 5.0 respestivaly) Guring Coteber and Neme{F iz -5

(RIS
22235

Salinity wvas feund 90 de the wost flustusting fastor
ameng all the lydrograghical paransters studisd (Table 1),
The SW mnsock seavod is dhavecterised by hewwy rainfall
and there vas a significent decreass in salinity valuss ab
all stations. During the monsoom period very low saline
conditions preveilsd ab all stations from June to Sepleshery
(Oh « 4,09 %0) vhen the rainfall ves st its meximm,
Pro-momecon waf dry with less rainfall and the maximm
salimity vas cheerved at all stations, Maximum saliniyy
(of 3v.% S0 and X308 %o) were yecorded during My and
Yareh b Stations II and IV, V respectively mear the dare
ssmuth. In the estuarine statiens highest salinity recorded
vas 32.20 £o Maying Mareh. A stealy incresse in salinity
st all stastions wvas obeerved daring post-momsoon period
(rig.12 s & D),



Fig. 5. Shoving tesperature (°C) of the water and sediment
in She sampling statioms during 197%-76.
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Iixs tesperatuve, Guring pre-mousocn wonths the
salinity shevsivertissl homsgeneity and with the ecmmumee~
ment of monscon rain in May the surfase salimity is oemei~
deradly rodiueed up to Septesber, frem dhere_sfber salimdly
inoyeases and attainge a pesk in Jamisxy 197% (Fig. 6).

1778

Maximun salinily vas recovded in Apeil 1976 (33.31%e)
in Statien I and the minimam (100 So) van observed in
July 1979 in Station I, 1in ses waler (Fig. 7). In sedi-
sents maxims salinity (33.53 %0) was cbserved in Mereh
in ths Station IX and the mintaum (19.28 So0) was recorded
in the wnth of Ooteber in Stakion I. Baliniyy &t ald
statione, 1l tewperature showed Lxwerce Felationahip
with yatulall,

Sianalxsd. Qxyasn:
1922234

During the W momsoon a kigh value of dissolved
oxygen (%.96 31/1) was yecordsd in Soptesber at Statiom V

(Table 1), Dissclved axygen camc %0 a minimum of 0.20
/1 in Novanbay af Stabdon II near Arocr. A clesr faverse



7ig. 6. Shoving salinity (fo) of the water and sediment
in the sampling stations during 19M-7%.
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rig. 7. thoving salinifly ($0) of the vater and sediment
in the saspling stations during 197576,
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relationshipy betwesn dissolved cxygen and salinily ves
alse cheerved.

19-75

In surface water dissolved oxygen valuss are subjected
%o 114tle fluokestion bat at dottom water & ropld desrease
in oxygen valne vas notiesd Guriag the wmonsom months. 0,
vas found signifisantly (P<0.01) megaively correlated
vith tewperuture in Statien IIX (Table 10 )./ Fl ' 8

Yaxiwen digsclved oxygew valus was reeorded i Jemwasy
4n Station IX (5.79 2)/1) end t5s miniuen in Soptecber in
Statiom IIX (3,29 wl/l) (Fig. $)» In ssdlusnts in Station
II euring July 1979 uinimun value was recorded (2,05 ml/i)
od srimm in Stetion IT in the wonth of Decesber (5.83
/1),

only in 197475 I was ineluded in the cbeervetions
st ewivermmnial parameters and JE shoved some finetiation
(7.00 $0 7.90) in surfase water (Fig. 10). Duving sonsoon
nonths values in both surfece and Dotton pH desreased



yig. 8. Shoving dissolved oxygen (wl/1l) of the water and
sediaent in the sampling stations auring 19775,
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Fig. 9. Showing dissolved oxyger (ml/1) of the water and
sedinent in the sampling stations during 197576,
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rig. 10. Shoving pH of the vater and sediams$ in the
sampling stations during 1977%,
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sopshing a mintmum Maring ingust snd Seplesber. IS is
interesting $0 nots that a ¢lear stratification such as
that noticed in tewperature, salinily and oxygen was not
observed in regard to JH valuss. The 3H of ¥he entire
eslmn either decresses or ineresses similtanecusly.

In ses water JH was found signifieantly (P < 0.0%)
positively eorrelated with nitrate-nitrogen in Station I
at X level but in Stations IV and ¥V the reverse vas the

cate, the 3B being signifjeantly (P < 0.0%) megatively
eorrelated with nitrate Tadles 8, 11 and 12).

In sedimnts, 3 vas found signifisantly pesitively
eorrelated vith P P (P < 0.01) in 8taticns I and IXI
(Tables % and 16) at ¥ level, It is also evident fyom
Table 15, that jE showed significant (P < 0.0%) positive
correlation vith J. goli in Stetdom IX. In Station IV
positive correlation of PE with heterotrophic dDacteria was
also evident (Zadls 17) snd negative correlation was seen
with cuxygen valuss (P < 0.05)s From the Tadle 11 1% is
sest ¥hat JH was signifisantly (P < 0.0%) negatively eorre~
1ated vith salinify wiich reflects the mixing vith fresh
vater.



Bainfalds

Reinfall dstia vas wailshle only for the years
1975 and 197%78,

I0=T5s

seasen (MJ7 me) vith the highest rainfall (932 wm) in
Miy. Nst-uoneoon Jericd recerded next highest rain-
fall (307 mn) in Deoswber 1970 end Premonsoon season got
the lowest amcnt of rainfall out of the three seasons
studied. Nintwmum reinfall ves noted in Jumiary end
Pebruaxy 1975 (1 m),

197%-26:

Maximn rainfall (721 mm) vas Tesordad in the month
of Desstber 197% end the minimm rainfall (1 m3) vas Teo-
eorded during Jumary snd Febyuary 1976. In all e
(185.7% ).

The sessonsl variabilily of the matrients in 9w
backwater demands an understanding of the freshwater dls-
eharge into the system, which is chisfly controlled by the
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spestastlar rainfall regine during the monsoon momdhs.
This prevides a general mschanisn unferiying not enly the
foatures. IThe aves under Liweatigation remains domimated
by marine oomiidiom for sbout 6 momihs and then, rather
suddenly beocomes freshwater-doninated for the rest of the
year, The other featmre of imporbense is the sheri-tern
chenges brought sbout by tidal eselllaticns, dut these
perhaps during extyasrdinary changes in wmeteoralogical
conditions .

Maximn hoephate values wese recorded at Stations
II and IIX n Jemumry (11,01 pg/d and 10.79 g/l vespeciively)
in seavater snd the sinimm values were recordsd (2.20 ng/l)
in My 10 semwaler ab Station V., During May to Seplenber,
yhesphate values are lov and there is very little differenge
in the valuss of different stations. Fhosphorous esmdri~
butions %0 the estuary is largely dependent wpen external
seuress such o8 land dvalnege and freshwater rumsoff, If
a divest relationsdip between the imvyganie phosphorous
end freshwatey dischargs doos exist, ons would expect maxisum
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valies at the surfaoe during mnsoon peried. However,
fyom the data ohtained, the reverse sesms %0 de true,
indisating that there may be soms other neshanism (1ike
basterial utilisation of phosphorous as a substrate for
their metsbolism) for dhe Jhesyberous daplation in surfase
waters in the estunry.

Maxisam valuss of phosphate in sea vater was cbesrved
at Stations IV and V¥ in the wonths of March and Apwil 197%
vhish ngy de die %0 influx of freshwater. Ninimm values
vare obgexved Gring Jamuayy, 1975 (Fig. 11). The oonsi~-
stent distribution of phoaphaies in the wadter colum aay
be Yeomuse of the distridution of suspendsd material, Ome
vorld expess higher values of phosphate at the surfase Wheye
tovards the bottom. However, here also the reverse seesws
uumummm(z.ao,ummamu
Station I nsar the sevage outled during Mey 1976 indioating
that there my bs some othey mechanism for phospheious
anrichment in the estuary.

In sea vater phewphate showed significmms (P < 0,0%)
negative eurrelation vith oxygem (Table 7 &) in SSation I.
In Stations III, and V phosphate was signifiesmtly (P < 0,0%)
positively correlated il Senperature (Tables 7¢, 7e).
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I sediment alse signitiowmt (P < 0,05) positive
eorrelation wvas seel vith temparature Mt oxygen was found
te de signifioantly (P < 0,05) negatively correlated with
yhosphate.

I this year also maximm valuwe (z.Mpc/l)ct
ghosyhate vas resorded in the sedimend during April 1976
at SSakion IXI and the ninimm ot S%ation I during Jamuary
1976 (rig. 12). In sea wetor mximm valune reathed only
wpte 0.986 Mg/l 1n the mnth of Gephesber st Statdon II
and he uinimzu value rocorded was in the wonth of Mgust
1975 af S%ation IT. 4 grester ceserrenes of organie
shosphorous &8 the betton proevides evidsnce that phosphates
romain dound to the stirred up sediment.

Sea wader, both in Station I near the sevage outlmd
and 15 Station II mear foirwey Doy the values of phespbate
wvas significantly (P < 0,07 and P < 0,01 vespecttvely)
oorrelated vith organic carbon, In sedimacts nesr the
sowage outlet phosphate vas found signifieantly (PO, ~-P)
positively carrslated vith tesperature st 1€ lewel (P<0.01)
end negatively correlated vith oxygen (P < 0.05) ad 'K
lsvel.



rig. 12. Shoving phosphate eontent M)ummm
sedinmt Garing 197576,
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Ssasonal ahanges 1in Ritwate-N values have been 1ndi~
eatod in Tedle ¥. The cocurrenss of sbuormally bigh
values of Fitvate-Y 1u Septesber, Cobcber and November
Mggeet that these are assooiated vith the sarly perd of
the mongoon vhent the fresbwater inflax is saxiesm. Minimal
valuss of Nitrate-N when the eonditionsin the ssduary are
prodoninantly wsyine, sigzest that the eomtridution of
sitrogen from the sez 15 very meagre in these wmths,

From Novenbor ctwvards the values Degin $o rise yeadhing o9
high a3 10 pg/et/l &xring Desesber snd Januesy.

19875

IV 48 sdaar from the figure that only very little
nitrate-l vas recordsd for most of the monthe (Fig. 13).
Minimg) velues of nitrate-N vas noticed, when the oondi~
Sticas in the estiary wre predowinestly marime. laxisum
valiies vere cheerved in Gtation IV in pre-minecon mmihs.

In ses waler, nitrais vas found to be signifismtly
(P < 0.09) negatively correlated vith salinity in Station I
(Tadle §) - snd 1n 5%ation II Ditreto vas signifiomtly
(P < 0.,0%) positively correlated with tewperature. Howvey,



rig. 13. hoving nitrate scntent (ng/1) of the vatar and
sedimenty during 19779,
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in Station IV nitvate showed significant (P < 0,0%)
negative oorrslation vith Ssmperature.

In sediment, nitrete was significantl’y (P < 0.0%5)
positively correlated vith phosphate in Station I (Teble
44) and 18 Shaticn IV (P <0.01) (Tadle 11),. I» Statiom
VI signifisant positive ecrrelation vas seen at X level
betwesn mitrate and $otal plate evunt,

Bigh nitrade.nitrogen valuss vers rescyded (2.9 mg/d)
ot Station I in the monkh of Mareh. Minisum values 0,38
ug/1 veye found in Osteber in Statisn X, In sedinent higher
values were cbiaimed during Agust in Station II (5.9 wg/1)
«nd uinimum valugs in Novewber at Station I (0.5 wg/l)
(Fig. ™). There is little difference detween the nitregen
ayels cdsezved at the surface and botton suggestiag that
the distridation of nitrate was homogencus threughout the
vater coliuan 1in all sessons.

In sea waler nitrate showed signifieant (P < 0.05)
positive corrvelation with salinity in station I meey the
sowgge sutlet. Signifieant (P <0,05) negative corze-
dstion wvas seen with orgamio nitroges in the eame station
in sea water,



Pig. W, Shoving nitrate etntant (wg/l) of the wvater and
sedimnt during 1975-76.



VTR TR S ¢ (I

— mg /|
N o

N

'N03
N o8 A O -

-

o——o Surface
————— Bottom

Station I

o——o Surface
«-=-~-Bottom Station I

MONTHS
1975-1976



‘.’“.‘

In the estuarine sedinemts nityate shoved positive
eorrelation with each of Semperature (P <0,05), salindly
(P < 0,01) and yhosphate (P < 0.05). In the inshore
sedinents, nitrate exhidbited signifisant (P < 0.09) negative
osrrelstion with cxygen. In the braskish wvater avea
nitrate ahowed significent positive eorrelation vith phoaphats.

Eixide
1978:=73¢

The valuss of nitrite-F ave howngemous Shroughout the
in the esthuaryy ave nering 4.¢. from Degsswber %0 Narch.
Duying the monsoon sonths the values st the surface beeone
significantly lower when compared to other ssasome, vhigh
cannot be explained in terns of freshwater discharge alone.
The values of nitrite~N are mich lower than those of
nifrate~N in the present study wvhich suggewt that the
2itrite«X way e formed as a result of decompesition of
erganis nitrogen.

Sllisate-Rilieon
1925762

In ses water maximm vealuss of silicade vere dbiained
in the mmth of Septewder (55.%6 ng/l) and the mintimm ab



197 4=

Station III duving February (5.25 pe/d) (Fig. 17). M
the sedimnt waximm values vere resorded (50.02 g s¥/1)
in the month of Jsptesber and minimus valuss vere cbtained
in the wnth of Februayy a¢ Statdon IIX (%35 pg aw/l).
Naxisum values reeorded during Seplesher and Octeber imdt-
sate that silicon is assoeisted with hewvy sild load of the
sstaary. Ihe values gradually decresased from surfaee S0
botton showing a tWypically inverse relationshipy vith salinity
profile (Tadle 241)e

The foveguing assount elsarly indicatesthat the ayole
of shemigal fogtors in the sstuayy vas falrly regular weking
the year Atvisihle 10%e 3 distinet sessonss 1. The premcnsoon
Seesom, 2. Mneoon Seeset and 3, Fostmonsocn sessonu. During
fors oonditions, The freshwater dlissharge is redused %o &
ninimun and the estiary deocomes merely en extension of the
%0 thet of svastel waters. The WNSCLR FEASOR VIS BSIO-
elated vith sudden changes fyom {ypicelly marine to draskish
vater oonditions and sxtremly signifisant ehanges cosur in
the environnental featires of the estuary. The heavy raine
fall brings sbout marked changes in tewperaturs, saliniyy,
dissclved oxygen, PR and mutriants of waler snnd sedimens.
each of these Daramsters has its own chayacteristies.
Rdrisnt distridution i3 largely dependent upon 2 mein



yig. 15. Shoving silicate eentent (ug/l) of the water
and sedinment during 197576,
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conponenis - the mrine influgnes and freshwater discharge.
During the period vhem the system remains predomineatly
narine, the muirient comosntratiots are lov snd remsin
homogenous throughout the water eoluan, but daring the
period of freshuater discharge high conosntrations of
Batrients eecur vithin the system. Large quantitiss of
erganic matter drought into the estuazy by the sevage and
drainags esmals have a marked influsmce on distribusion of
ERFCat,

I surface vater silieate showed sigrifismt (P < 0,01)
Degative correlation st 1§ level with salinity in Statice I
(2able 23). In Station IX silisate ves signifissntly
Degatively correlated vith oxyges (P < 0,01) and posisively
eorrelated vith nitrate (P <0,001) (Zable 2h). Also, in
Station III, signifisant Negadive correlation was seen with
cxygen at % level (Teble 25). Coliforms were signifisamtly
(P < 0.05) poeitively correlated with silieate.

In sedimnts, signifismt (P < 0,0%) positive corve~
lstion vas seen vith yhesphefe (in Statim II) nesr Palrwy
ooy (Tabls 27). Crganic eardon was significently posi-
tively correlated vith siliscate at ¥ level wheress (in
Station I) mear the sewage owtlst (Tadle 26), organic
carbon was signifieattly (P < 0.01) pesitively esrrelated
vith saliity at 5 leveld.
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Orgmnic substenoes, dissclved or suspendsd in see
vater, are particilarly impertent as food for C -« helere-
tyophic wisvo-organisws, The sise and oowpositiom of
basterial populations of a vater body depend to a large
degree on ths oconosntratiion and composifion of those sud-
stumoes, Organic cempounds act as activating and fuhidie
ting fustors, G0 eervations of total arganic casdon
and fetal erganie nitrogen wors made during the period July
1’”&”%“&.?‘1"&0”“%&.“&”.

Zndal. sxzanis.saxhon !

The valuss of organic matior are souowba$ higher
stupered to the already reported value of 2.5 (Maridy
and Yeersgys, 1972) in the wonth of Juns 1976 in Station I
Besr the sewage cutlet (2.01%) and in Station II in the
etk of Septesher 1975 (3.16€) and in Statien III 4n
Sspbeder 197%, Nay end Jung 1976 (2,925, 3.0 and 3.24£
respectively) (rig. 16). In md depseits, the valugs
exeseded the reperted one during July, Septemder mnd Octeber
1975 1in Btation X (2.000, h.215 wnd 3.27% respestively),
in Station IX in Sepbesber 1975 (3.20¢) and in Statiom IIX
in mpust 1975 Geo6K). Jartdy gf ade (1969) hawe attyi-
buted the higher organis eslent in e shallower area %0



rig. 16. Showing oyganic sazbon eontent (£) of waber and
sodiment in the ares of study daving 197578,
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?ig. 17. showing organic nitrogen omxtent (ug/g) of water
and sedimont in the area of study daring 1975-76.
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the smtridution of terrigencus sources snd this reason-
ing seens %0 be agplissdle %0 Station 1I near daramth
in the present study. Sarala Devi gb al. (1979) also
have reported high organic loads st bavecuth based oo
vater guality study.

D sea water, at Station I and Station 1I orgwnie
caThon was positively aerrelated with nitrats (P < 0.05
and P <0,01 yespeetively). In sedismdis at Statiom I
organis carbon showed significent negstive osrrelation
with salinity (F < 0.,0%). In Stations I and II, in sedi~
vith silicate at ¥ and W devel (P <0.05 ad P < 0,01
respestively ).

Sxasple RiSrosen !

Ssssonal variatiomns in organic nitrogen were not very
pronounoed at Biation II, however, the values showed larger
varistion. 5%ation I reccrded maximum varistion shoving
high valus in the nonthe of Osteder, Decesuder 197% axmd in
June 1976 (2.32, 2.33 ek 2.86 wg/g respectively). The
highest value of organic nitregm (2.86 ng/g) wus recorded
st Station I in June (Fige 97). In sedimenis, Station I
shewed high valuss auring Novewber and Decewber 1975 and
Juns 1976 (2.€6, 2.65 smd 2,40 ug/g)vespectively). In
Statiom II end IIT omly in June 1976 higher values ware
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rosorded (2.63 and 2.83 ug/g respectively) and the
alitregenous vastes from the sewage and other offinents
discharged through drainage csnals may be responsidls for
this high valie, In the produst-moment correlation eoe-
fficients computed for organic nitregen with other pare~
weters showed afgnifieant positive eorrelation st %X level
vith oxygen (P < 0.05) enly in sediments ab Station II
near baymouth.

The estuarine nicrodial flera gwmerally censiss of
marine, dreckish vater, fresh water and interssdiate forms.
The important bDacterial genera shecuntsred during the
present investigations were Algalissnes, Yihrie, Zaeudewcnas,
Aexomopas, Tlsxobagtexius and Migroagesi. In addition
Baadlliis spp. was found in surface sediments. Ths bacsterial
population based on mmerical oounts shoved vide variation
in their distribution in aifferent stations both in ses
vater ad in surfece sediments. Tedle 1.gives basterial
counts along vith chemiscal facters daring 1972-73. Quanti-
Sative dlatridution of bottom flora as determined by mme-
rissl sbundanse in surfses sea vater and sedingnts in all
stations is given in Figs. 18 a 2 b, Seasonal gyele in



Pig. 18 a. Showing total plate esomnt (¥o. x 10%) &n vater
M&W“L“M

® [ ] n. ‘.
Fig. 18 b. Shoving otal plate eount ( '33‘3&.7"“"“
ted during 1 °

o 18 ¢. The ssasomal ariation of the
yig e perosnttage v .:!mn

rig. 18 4. The seasonal percentage variation of the gebera
diring pre-nonsocn, monsoon and
pos seasons,
o 180 a. T™he seascnsl percentage variation of the geners
is ‘ do Mum-l'auoeu.mmm

« 18 £. Showing the distriHution of the bascterial
s demaity during 1972+73.
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the $otal bacsterial flora revealsd the highest ecunt

(656 x 10™3/ul) in the momth of Decesber 1972 and the
minisun (95 x 10°3/m1) during Novesber 1972. The perted
of mximn sdundanes of bacteria wvas eteountered during
Desssber t0 Mareh, In all the stations exespt the fourth,
the winimm Sotal ecunts were recordad during the monsoon
porind. In Btation IV, minimun esunis were chserved
daring the prewonsoon period, with an inareasing trend
from the premmsecn e the postmcngocn seascnms. In Staticme
IIXI and ¥V, the 0%l ecumts 414 not show large flnctustions
indisating that the basterial flora wers not subjeeted $o
lgrge seasonal variatisns in sbundanes. The shundanes
attained the naximum duying the postaonsoon seasom for all
the stations exeept Station V, where the differemse botween
the lovwest and highest ccunt was not lgrge.

Bagsarial. Zaxonouy s

Marine dacteria samnot be identified in the same
mamner a8 other migro-orgamisug such as phydoplankion.
Iheir xisroscepis sise and lack of morpbologis diversity
nessssitate he applisaticn of Jysiologiesl eriteria for
ddentifisation. Cultursl methods and the morphological
and physiologisal Saxomonic eriteria must de sslesded to
uininige proceduaral bias. S50 the gsneris classifieation



TARIE 2., Morphological and biocheuisal sharssteristios
of 319 basterial strains isolated from Coshin

Backvater srea from April 1972 %o Mareh 1973,

%« Oram

Yositive 0.6

loamdoo .41

2. Motile

m .7

n 30.0

3. Pgunted 3.2

b O/F Dextrose fermeniaiion

Oxtdntive 8.7
Yorumftative 30,0

%o yeastion 9.5

5. Proteciytic 783
6. sylolytts .S
7+ Nitrate redusers 60.8
8. B8 Producers (.% sodnoers ) b7
9. Indols Produsers 20.3

10. Sugar Ferwmntation -

11 Susrons 75.0
12 lestose il
13, Malkose 55.0
. Mamiteld 5.0
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of basterial i1sclates was done socording te a woaified
schens of Usio Simidn and Keyuyoshi Adso (196a), [7ABLE €]

Malisative salvals:

Adogether 319 straing were isolated, idmmiified and
geera. Almost all of the isolates (99.M%) were aspore-
goncus gram-nshative rods usually somewhat pleomorphie
(Tabls 2)s Oram-positive basteria were rare, nly 0.7%
vere isolated, Ouly h7.7% of the isolates had polar
Jophofichous flagells and 306 hed peritriehous flagella.
Pignerted bacteria isclated forued 3.2% of the total isoclates.
Most of the non~pigmented forws wveres dill-white and s fev
of these inglnded opague colomiss. Al) the straine isolsted
vere, astively wotils smespt the misrecoesi. Dextyose
vas feymenied oxidatively (M0,.7%) and fermentatively (30.0£).
The rest of the 1isolates vere unidle to utilise dextrose,
60.8% of the iselates vere capsble of yedueing nitrate imto
nitrite. 76,35 of the total isolates liguified geletin
indisating astive Jreteciytis activily of the flora iso-
iated. Approxmimately Wh.% of the isolates hydrvelysed
stareh and M5.7% strains redusced sulphate forming E.8.
None of the isolates farmented 1aotose and produced gas
from sy of the sugars. Most of the isolates fersented
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MeYose, maltose and mumitel. The above dhesrvations
indisate that the heterotrophis misro-erganisss ave astively
iwvelved in the degradation and So%al Surn-ever of organie
natter in the Cochin Baskvaler.

Poreuniage cosurrence of each gasms is given in
Figs. 18 a ond 18 .  Alsalissnas, Yihxie, Zasudowceas,
Masillus, Flmxchastaxius, AAFomenan snd Migroposci consti~
tated the gemera occourying both in sea water and sediment.
The pavesntege cocurrence of Grams-positive besteria like
Karesosad end Raalllius ves more in sediment than in ses
m.

nmmifwmmaonmmw
soouryente of basteria at gonerie level in Cechin area,
the present dzta have Deen eotpared vith the data wrallable
elsovhare (Table 3). A perusal of the table shows that
of Coshin, while Yidrip was found %0 be the dominant geuus
in Chesapeals Bay and Kamogewa Boy, Dasudosntos wes
generally enssuniered in mcderate mmbers exsept in e
long Island Sound., The Flsvohastoriup ocouwrTod a6 a pre-
domingmt genus in Nerregansett Bay, (Khode Island), while
4% wvag seen 1n lesser quantitiss in cther envivorments.
The Marossnais vas found to be the only genus wodarste %o
rare in all the eowironments included in Table 3 whieh
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indisated that 1% nay not De an indigwmeus gemsrs but tey
be sn exotis one wvhieh survive in the marine envirooment.
Basiling, the spove bearing, gran-pesitive reds, the user
of refractory organis eonpoulhds has Dest resorded enly in
samsey wonths in all the marine sovirctments Yty the various
investigators.

IV is A1ffioult %o integrate the data of Table 3 sm
present weaningful quantitative gynopsis of the dacterial
gomera indigenous to aea waler from augetal amsircnngdts.
It may 0ot be desivable to do se Decawse varied procedural
sothodologies mpy somnmbat affect the suteoms of bacterial
taxonomis studies. Dat the obeerved gwneris dtvorsity
s wave likely saused by emviranuental and ssascmal diver-
sily rather than by any other factor. The six geners
reprasented a vory small percentage of Eubnclerinles and
Podomonadsiles although their relative sbundance varied
consideradly, due toc various emwirommental and biological
factors, but they are consistently found in cosstal waters.

Sanexia. ceanosdiian s

Iloastiestmat

Anmg vardous duoterial groups Alsalizspss coasti~
Wted the Yulk of the flors in terms of nusder at all
stationg Marcughout the year. Algalissnes accomnted fer
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35€ of the total in surface vater and 285 of the total
in sediments (Table 3). During the momsoor and posd-
wonsoon sonths Algalissnes predouinated and differyence in
the plysiclogical activities @uring the different seasons
of the smnial gyele 1s also shosrved (Fig. 20). The
catalase and gelatinclytic astivity was very high in pre-
monsecns months and was in the decreasing order in the won-
soon and post-ucnsoon months, The amylolytis basterial
counts were very high in womsoon months and a clear Lxwverse
relationshipy botwesn total mmber of Algaliganes sid nigyo-
gnase astivity vas observed during the three seasons.

Yibxigs

Yihzig was the seecnd wost shundant gemera forwing
23K of the total in both water and sediment (Table 3).
1008 catalase astivity wes sesn Quring the momscon perisd
(rig. 18 0)s  OGelatinolytic astivity was maximm in pre-
BoRgoan months, Eitrate redustion was very lov in somsoon
poriod dut high in the pre-mousoon period. The inverse

relationship between the ecunts of Yihxip spr. and myloe
iytie astivity (staveh hydrolysis) was also sdserved.



135 of the total fsolates turned to be Nandomnes
An veter and WK 10 sedimgng. Marebelsno end Browm (1970)
have reperted the sbuniaive of REsdotionas in summer than b
oy other ting of the your., In the present study also thely
Smeity dscressed in the momsoon period (rig., 18 o) indi.
esting that the ssasomal distridution of Rasudomcnen is
Givestly iaflusnosd by tesperature. Calalase astivity wes
reoonded high in the post-moneoon period. Gelstinalytis
evity of Resudounnag dveressed steadily throughout the
yoor but exhibited the same pattern itke Algaligapeg and
Yikxig. Mowe sercbic igsolates ulilised nitrate in the pre~
Donsecn period and there wad o grafial desreass in the
nitrate reduetion during monsoan end post-BoNNOCR perieds.
Anylolytic activity wes lov in pre~acneoon period and attained
8 poak &uring monsoon and the asttvily declined again in
POSt~NONSOMN SeasoN .

Paglldus

Ieadlilug vas domingnt in sediments being ™ wheress
in ses watey 18 ccourred only 7% of the total.
Flaysheataxiin

The pignented Ilgychagheriig ves found only during the
nonths of April, Myy and July ecnnected with Jlyrteplankton
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bleoms snd fermed euly O€ of the total deth in water and
sedineng.

this gonup formed 77 of the total heterctrophs in
vater snd ¥ of the pepulation in sediment,

The gram-positive Nigrosoosi were vory Josroe in mmber
fusning ouly 2% of the %otal in vater and ¥ in md.

™his pignented gonora vas foumd o incresse assosiated
vith shytoplenkion blooms and during red tide, as ved tide
vas foand to contaln discoloured aggregations of algee,
dasteria, oiliates, dintoms, flagellates snd other pigmented
organisms. Total heterotrephis camis in Ststion V eorres-
ponding to the period of red wvater was found o desreass
(Qx’é)nﬁumﬂhmmmumw
of June (732 x 10°) 1in the monsecn menths (Tebls 1). Steswan
Mislsen (195%) hes sugsested that algal antibicties eep
down besteria, but phagotrephs swh as dinoflagellates may
vell reqiive bacteria t0 reash bloom preportious. Oppen-
heimer (19563) found that Dasterial mmbers wers high in the
pPrRozossntrun red $ides of Califurnia but the weaning of this
1s equivoecl. The dacheria cam 1live op the exoarines from




« 51094

u‘ut&tﬂnnu. In the present suse, the daeline
of basterial sounts during red $ide wey Do &W %0 Jredastion
of taxin by dinoflagellstes.

he distridution of the basterial esumis shoved sume
clustering 'to judge' vhether the clustering is in spase
or in fice the mathod of 'enalystis of varianos' wes applied
to ¥tie logarithm of the couarte. Fryen tho results givem
in Zeble b, the variztion Detween months (significant a$
¥ lavel) ia found to be mowe than that betwean tle stations,
Thus the alustering eppears teo be relstively more in 4ime
tha in spads.

Assuning that 1 wl of mirfase uater used for sounting
the besteria fyom 5 stations are rendon sanples, the
sanpiing dlatridution of the Dasterial deneily s givem in
Fig. 18¢. This distribution hes a mean (m) of Mte gounts/
ul with & varienos (3%) of 495 - S5k, as 89 >u e
distridution is eharasterised by evexdispersion. lhem
overdispeTaion is present, a elustering of the samples in
soue ranges of the counts cax be axpected. It cam be
secn fyon Fige 15f that mowe saples cecurred with counts
at 50 and batueen the uounts 650 ard 850 ob an wrernge rate.
Cassie (1971) has deserided an spproxisate Telationzhip
betwoen the mean and varimnes of distributioa with overe
dispersion, This gives 3% 4n Serws of m a8 approxi~
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mately 8% m ¢ o vhere ‘e’ i3 o eonetant vhten
gives the charesteristis of ¥he population, The value of
‘s wverks out $0 2.9 in the present case. This eveffisimé
ean be used 40 esnpare different dasterial yopulations, o8
larger values of ‘¢! indisate a grester overdispersion,

The eorrsistion eveffigients (Tadle ¥ a) have besn
vorked out separately £or eash station desmise 1 is
possidble that the lingar velationshipy between the varishbles
uight change from station § station, The ceeffisients
botween the Dogterial sounts and the nityrite showed high
positive valuss at Wires staticns (one esefficient is signi~
fieamt and smother Mghly significant). As ean de seen
fyomn Table 9 a, shosphates showed positive cerrelstisn with
the dacterial shundanes (one signifisont eseffisient and
three high values). Whils st Statiow I and II, the nitrades
showed some positive velationship, 1% 444 2ot show similar
relatisnshiy for the rest. In the ease of silisalas, the
soefrisients for Stations I end II vere Degative and rather
high: Though temparature showed a megative serrelation
(signifisamt ot ¥ level vith the Dasterial sbundance st
Station I), 1% is mot signifisent at this level far ¥he
other stations. This e largely happem vhen the teupe~
rature tolaranoe of diffurent speciss of basteria differ
and vhen different dypes of basteria decoms shundant af
different statioms, mammnwmumm
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further study of the various Jarsmeters affesting the
individual speciss should be mads, as $he sbundanes of
phytoplankton i%salf may depend on other fastors noted
edove. IV is possible that elevated Jhytoplankiom pige
nents (Fhasopigmenis) are indisative of high sooplankton
grasing on Jytoplankion (Shumen and lLovenssn, 1979) whish
uay make more orgamic matter availsdble for bacterial grewih,
Further; it 18 likely that the aifferen$ speciss of basteria
any yrefeor different speciss of phytoplankton. But aseord-
ing %0 Smith (1977) insreased photosynidesis vill csuse
inereased basherial grovih end Puhruen af al. (1960) is of
the viev that the routes bDetween jhotcaynthetis sarbon
fixation and bagtarieplankien yroduciion are guite eswplex.
Marchelano and Byown (1970) found the amnual basterial eyols
positivaly corzelated with the ayels of yhyytoplankten, In
the present asss Lt is not possidl ¢ to conelude statisti~
eally vhether there 1is a negative or positive relaticashiy
detween total phytoplankton and Dasterial counts. Oxygem
does not show sppresiable linesr relationship with the
basterial oounts as judged from the eorrelation coeffisisnts.

only at Station V, salinity showed (though not signi-
fieantly) sove cocrrelation with the dasterial counts. This
Ry pezhaps be @iie %0 the mixing of sea wvaler.

Applying the Sest for ‘howegeneily of oarrelatiom
coeffistonts’ (Rao, 19%2), the correlation ccefficients were
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found S0 de homogeneous. Therefore, Ly pooling the
tations a singls eceffioient wvas worked out for eash
Ln-wmm.sw. Hers, only the nitrates showed

s highly significent eorrelation with bagterial coumts.
u-qu.nmmmmam.mm
ooeffigtant vas also rather high (significant at ¥f lavel).

In the preset study the viadbls dasterial counds
shoved seasonal flustustiions in mubers at different seasons
giving a maximum in postaomscon sad premcusocn mwuths (Desens
by 1972 %0 Yaveh 1973) The bacterial eounts of the pre-
semt study vere of similar magnituds as givem by Zo Bell
(1503) from the Scuthess Califernia coast, Velmnksr (1955)
fyon the Falk Bay and Gulf of Mumar, Civiis (19%5) 1a the
Mristis Sea and Krise (1961) in the Rlask Ses. Also wo
Gofinite sesscnal trend was neted as slse reported by
Velanksr (1955) and lloyd (1930). VWeod (19%9) found irregue
lar seasousl distridution in the waters of lLake Maoguire
bt in the vaters off Sydaey, Brown (196:) reserded higher
Sasterial sounts during mumer and syring then at other
SRS .

The results of the geseris distridution of the misve-
flera showed variation in fhe perwentege composition of
varicus bdasterial genera in the 4o leyers of water, A8
reperted by Mirchelsno snd Brown (1970) Algalizogsa,



TABIR 5 . mmwm
sounds and astors of
the Coshin - (1972=73 )»
(Caloulated by pecling the four stations)

Fasters “"mmm.,_,
1. Pytoplankion - 0.2007
2. Salindty - 0,0534
3+ Tewperatare - 0.2778
b, Oxygom - 0,0028
¥, Silioates - 0.0326
6. Eitrates - 0.039%
7. Moapbates 0.2690
8. Ritrites 0.5%aBe
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Yxip and Pusudouonal dowinated the dasterial flova.
Wood (1993) remsried the sdundanee of Miaxeseesi in
Mmatralisn waters vhish was found contradistery in the
present study o¢ Migrossosd ommiriduted very 1ittls to the
total bastertial flera.

The engywatis potential of the fsolates of the three
dominant genera assayed ro_ughly by ugsing the twe substrates
sush ob Oelatdn and Stardh indieated that although thare
wal sessonal poromniagt variation of the tiuwe sbundsmt hetere-
trephis bDacterial genera, the engymatic potential remained
essentially constant. Iswis (1971) also reparted the
ility of the organisus $o liquify gelatin, produco indels
mngmmmeotmmumumm
Qialifying the spoilage potential of that organism. The
three dominant geneya vere found setivoly degrading gelatin
of the thves gaera.

Yelankar (195%) veported sbeencs of eity yelationship
between temparatuvre and basterial population. Temperainve
showed a segative oorrelation (signifiomt at 3K leved wvith
bastarial sbundmnce ad Station I) in the present investi~
getion, Brom (196:) found no cervelation Detwesnt basterial
counis and soloblo organic phosphorous snd eounts of phyto
platton in wators off Syéaey but Gundeveen gh al. (1972)
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reported a e¢lose eorrelation between the ecneentration of
proteins and haterotyophic bacteria. In the present
study, n addition %o the significant correlation detween
the dasterial ecounts end nitrite and phospbate, soanbat
high esrrelation bDetween Daocterial eounts and tenperature
swpperted the view (Gundersen gf ).y 1972) that the distri.
bution of nutrients and Semperature play an impordent role
in the distridution of dacteria.

Seasonal eycle of total heteretrophis bacterial flora
(Fig. 19) revealed the highest count (512 x 10%/gm) a8
Station II in sediment and 1n sea vater (496 x 105/m1) 1n
She wouth of August 19/% and a sinimam during Yebyusry 1975
in Stetion IV in sea waber (W6 x 10%/ml) and in sediment
(% x 10%/gn).  The counts of sspropiytic hetevotrophs
vere gensrally high during mengoon months in all the stations
when fresh water influx is maximum and that any further dis-
sharge in subsequent months does not add 40 basterial comrie
bution. Altogether 296 strains wvere 1solated, identified
and elassified 1m0 7 genera. " I adaition, 36 spores
foruing Naglllig strains were isolated using specific
nothododogies fyor mud samples a8 they are generally indi-
eators of refractory organic compounds and is being dliseussed



Fig. 19. Sheving totel plate comt (No. x 10°) 1n vater end
sedinent in the avea of study,/ 1774 -75 |
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Frequengy of covarrence of the 7 bacterial gemera
in b gifferent familise ave fllustreted in Pig. 2V. Alaald-
S80A8 ves the dominant bacterial genus isclated during the
saspling period (19A-7%). Togetimr, Pasudomoiias, Yibxio,

Asaliasses 28 LY 36 56 32 P
Iasudowanian. 8 17 19 1 3 9
ihxin 8 1 % ™ 18 12
arshashaxiun 4 8 8 9




Fig. 20. Shouing dlocheaical and ysioclogicsl aotiviy of
dacterial strains isolsted during 197+75 (a) end
during 197576 (),
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Fig. 8%. Showing generie eocupesition of 296 basterial
straine isolated during 19779,
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Notility vas Yecordad only im MK of the todad
$solates during the sampling period (197-7%) whish mey
be due t0 the non-motile charasteristies of the genera
Alsalizspes ot Narshasieribn. AMARIAREDSL vas Pre-
domingn} both in sea vater (325) and sediment (525) in all
the seascns,

AalYnia. oL Yuzianee Sask

The study of the distribution of dasteria along vith
ervironmental porameters was subjected to 'Analysis of
varimes' to test wheother the correlation is with spese or
ting. The results of analysis of varianee vere givem in
the Tadle 7, There wes RO signifissnt difference in the
total plate eount datwesn stations, months and regions.

Rxaduci-pomeni. coxxalation cosffiemnt :

The yurpone of the study was o see which parameters
vere 0srrelated to he basterial paraneters and vhish were
Rol, in an attenph to Ldentify sems of the mechamisms whigh
influenes or are influenced by bastericplankton, To test
whother theye were siguifigant indepsndency of the hydro-
loginal factors snd the diffuzent types of dactazis, the
prodict-nmonent correlstion gcafficient DetweeR sach fachor
vith others were caloulated using the formulas
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r ,i_____(: - 3,,?, i 4 ,"’_,._' ) where
niRy
ween of x values, ¥ = man of y valies

(R = Deof x vm.\lﬁ)’_

éy-nuyvm-i_;_f_

4 2 = no, of pairs of chsszvation on x and Jy.

The mairix of correlaticn framed for eash stabion for
surfaee and bottom wvater for the year 19M-7Y were pre-
sented in Tadles 8 to 3 for sea water, and * t0 19 for
sedinenta,. The significance of thwe correlation eeeffisient
wore tested using ‘%' Samd.

"
"

t s ZB°2 deve r 15 the coeffieient correlation,
1 -

The degress of freedom of ‘1" 48 (n = 2)¢ The signifiganh
sorrelation coafficient vere marked in the eorrelation matrix
a8 8 » and ¢ vhere,

a = ryepresems signifiecance at ¥ lsvel (P < 0.05)
®» = yepressnts sigunifisance at ¥ level (P < 0.01)
e = yepresents siguifisanse st 0.1% level (P < 0.001)

signifioant positive correlstion implies that as one
factor inereases the other also inereases and signifisant
negative sorrelation iapligs that as one faghor inareases,
the other factor decresses.
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Frou the Table 8 it is clear that in SSatiom I,
sorrelated vith salinity at K level. The positive eorre-
lation mey De dis to dowinanes of fresh vater at Statdon I,
vhidh is situated in the scuthern side of Thawmeermikkon
Bund, Salinity resorded for this station wvas very low
during the mousoon period. Heterotrophle besteria indi~
goenous to the marine suviromment will prefer higher salinily
vhish resulted in the development of positive relationship
detvesn salinity and total heterotrophs enly in this parti.
otlar station,

Mgattve ecorrelation of total heterctrophis basteria
vith 3l vas signifteant st 5% level at Station IX (Table 9).
% 43 well known, that heterotyophs prefer agidic mdiwm of
vater oF sedimemt in marine ewirewmtit the resson Wiy Yhay
have developed an snwerse relationshiy with pH of the
owireement ab Station II viiieh was dominated by braokish
vater conditions,

henever the Metarctrophs increanes indicaters of
basterial pollution glso inersases. In Station III, the
tetal heterotrephs showed signifigant pesitive correlation
vith staphylocoeet st tf lavel (Table 10).
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In Statioms IV and V heterotrophs shoved signifigent
segative correlation wvith oxygen in sea vater (Tables 11 &
12). But Narty(1981) provided the result oppesing this
viev that hetsrotrophic sercbic Dacteria were detected by
hinm ia the Arsbian Gea sediments in the (ulf of Aden and
Omen Sea (in Novesber, 1978) even bdeyond 100 em in eore
sasples. Becauss of their fasuliative or micressrophilis
nature, generully, it is beligved that the asrcbic hetero-
troghs a9 highly tolarant $0 anoxie comditions. IThe
negative corrslation detween Dasterisl oounis and oxygen
reoorded a$ Stations IV and V may de @ to cumilative
effest of somp uninowm fastors.

In 8tation VI, signifiesnt pesitive correlation ves
ool st 15 level Detween heterotrephis bacteria and dempe-
rature (Tedle 13). Medwell snd Yicodgate (1971) alse
found a positive ocorrelation detween tenperattire and sea~
sonal selection of heterctrephic dasteria in an intertidsl
wnvirenmeny, However, Chan and Dash (1976) worked ous
the distridution of heterciroghic basteria related % som
owvizenmeital factors in Tolo Harbour, Hong Xeng and
found temperature vas not a Jimiding factor on the
basterial population even during susmer sonths,
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. Sadinent

In S%akiong I and IV total hederotrophic counts
wore significantly (P < 0.0%) positively correlated vith
hydrogen ion coneentration at %X level (Tebles % & 17).
Whet 18 often termed merwal ses vater,@bout 35 5, salinly
snd is of alkaling, dut $he degree of alkalinity variss
vith mamerous faotors, ineluding yroxistity of the water
% land mass, JH should vary diumally as well o8
seasomally, but in the present study the variation was
wch less. Osnerally, in the s-surfase sea vater e
8 range fyem 7,5 %0 85 dut in srfase water, the pH
rangs from 8,1 %0 8.3. The latter rangs cecurs vham
the GO, 1n the surfase water 1s in equilibrium vith that
in the atmosphere. The E\0 ¢ Sem cemeentvstion is
diveetly related to carbom-di-oxids in ses vater. If the
€O, sontent decresse, JH vill inerease and vaters shove
M 7.5 have most of the carbondi-exide in various coubined
forve yather then as disselved gas. In estuaries, under
seng eonditions, the IH of ¥ vater my exsesd 8.%. In
the present investigstion JE raniged 42 surface as well
a8 in sud-glxTace water betwesn 7,0 and 7,90 which uay
be & to high fyeshvater infiux o8 wixed fresh and sea
water mxy drop tovards meutrality or still below the
acild range,

Mo signifisent correlations were sewn in Stations
IIX and V (Tebles 16 - 18) detween total heterotrophis
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eounts and any of the Mysiso-ehexisal or bastericlogieal
paransters.

The total eounts were signifisently (P < 0.0%)
positively cerzelated vith phosphate and nitrate in Statioms
IX and VI yespestiively eventhough the ecsmsstirstion of
shosyhate and nitrate vas recerded in very low smounts
(Tables 15 & 19). The cowplexity add varisdility of
estuaring vaters snd their biots hiss a comirol over the
ostablistnedt of nitrebe-phosphate congentration in those
vatars (Johnson and Sparrow, 1970). uly one over ell
aspect of those mitrients in the gewral tpe of estuary
seens estoblished; both of shese mutrisnts are ovdiserily
in greates sbundanos in estuaries than in the surfoee
vaters of the open ocssan. However, C(han and Rwh (1976)
have esllested data frem 10 statiens in Tolo Harbour,
Eong Keng and showed Shat the horisontal distridution of
the basterial pspnlotion ineressed propertisnately with
the wailshility of dissolved yhosphates mnd nitrates.
Studies by Ayyskhamm end Chendramshen (1970, 1971) indie
eated a relationship between phosyhate eondent snd yhoaphate
seludiliging heterctrephic dacteria, Ishida and Kadota
(1975 a,b) analysed bacterial flora by using chemostad
and the groveh kineties of basterial populaticn shewed
response only to dissolved erganic substances as in e
present atudy, but Brown (196:) found 8 corvelation bete
vorR basterial counts and orgmnic yhosghesus in waders

off aydney.



Wolf and Barker (1973) suggest the following
definittion of the genus)

"Rod-shaped orgmnisms whish are spore dearing,
usially Oram-positive, catalase producing and eapadle of
syerulating asrcdically®, Often spore-forming bacteria
are used a8 an indisator for the presence of refractory
organic ocompounds not utilised My noti-gpore forRETrs.

Banillus sxe of the utmost interest to such selentists
who are interested with comirel of infection and efficienay
in clasning proosdure. Although pathogenieify is restricted
to a fev mpecies, Jagillia has reweived new impertance as
possidls infective agents in "sterils™ disposadble squipuent
(Bonde, 1966, 19733 Curtis a§ al.y 1967). Laboratories
eontrolling the gquality of foods and water are well ssquaint-
od vith Begillis either Deocsuse of their sanitery signi-
fissmcs oy thelr interferencs vith bacteriologieal methods.
In non-selactive media for coliforwms Begillua wey ivhibit
the growth of coliforms by competitive growth or by pre-
duoing antidbioties (Bomde, 1967, 1968).

Ford (1916) stated "IV is still an impertans prodlem
of modern hygiene to study the RBagillug group vhich pro-
foundly influenees all sorts of substaness vhich affect men's
physical eonditions®. DBeing frequent imtubitants of filter
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sands Jagillug sre unawvoidadly present in samples of
drinking veter (Bonde, 1972) snd may as "rapid liquafiers
of gelatin® or by sbundant growth in the hot enunt® de
the oscasion of injustified rejection of vater supplies.

Pathogenic straine are largely found in ths growp
B SEEus 4 garsiis varignts produsing powerful taxins,
whieh are still the cbjeets of exaxination (Johnson &
Bouvemtre, 1967; Kim & Gospfert, 1971; Nikodemyss & Gonda,
1966; Spira and Geepfert, 1972; Stamatin & iaghelssso, 1969).

Besidss enthrax and food peiseming other infection
have also deen assosiated with Ragillis Sersus o8 well e
vith other Bagillus strains (Blter, 1966). Deing whiqui~
tous these spore-besrers have attrasted great interest in
work o ecology and wmay indieate pollution (Bonde, 1965,
1971, 19733 Mleo g adsy» 1970).

Jarcbic syorers 40 not seem %0 eequr videly im sea
vater. Their impertanes is grester in sediments. Thus
Zo Mell and Uphan (19%%) were sbls to isclate several
species of the gems Naglllua from the merine mad avound
the Pegifis coast.

Only very fev atudiss have besn performed on the
oscurrenes of spore-foruing heteroirephis migrofiors in
the offshore and estuarine vaters of Coghin Backwater
(Gere, 1971, 1972, 1979) and that t00 en asrobie non-gpore
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feoruers. The present iLmwvestigation on sarcbic spore
forwars, that is on Ragillus BoSaas Vet wotivated by
the inereasing impertance of this gemus $o fishing indu-
sty and pudlie bealth as well as MWy the variadility and
aiversity of morphologisal solomy formmtion which have
alvays confyonted the wiorcbiclogists snd Samomomista,

Por gemeral elassifisstion of Bagdllug strains the
folloving litersture were referred. DBesides those already
mentioned by Gibson (1938), Smith gf gl. (1952) nd Breed
a8 a)e (1957) also ineluded were those of Wilson and Miles
(1960 ), Cowan and Stesl (1965), Jepsen (1960) and Welf
o4 Barker (1968).

Madazial. abd Muibods ¢

The sediments wers first partially dried at room
Sewpezature to indues sporulation of vegetative ¢ells of
the spore-forming basteria. Counts cblained by heating
vare less vhen oonpared t0 ecoums obtained after drying.
An sypecpriate smount of sediment (1 g) rich in orgmmie
netter vai partially dried in sterile wedghing bottles.
A suspension was pyeyered by dilution snd 3 « 5 ul ware
transferred 40 suall sterile test tubes which were plased
in a yack in a water Dath set at 80°C for 10 minutes.

Inogilations fyom a pasteurised suspension were made
in the usual wey by pour-plate method. The aulture medium
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used for spore-forming speciss was a mixture of deefe
peptans and sea vater agar ocorbined in a yroportion of
111, The IE was maintained ot 7.0 %0 7.2. The inowu-
lated mediom wosineubated at 25 - 30°C for 2 - 3 dsys omd

Different spesies of spove-forwers yislded chare-
steristic ecolonies on the medimm used (Mates 128 3).

A Yough estimate of the mmber of bacterisl species was
made on ihe basis of wmryhology of the colomiese The
plates were reteined for additionel b - 5 days st room
Sonpersture after estimating the total eeumts of hetero-
troghs,

Colemies of spave-formers most often observed delong
to ¥i» fellowving species.

1.  Badllus Wesaiaxiim Dery: Swecth white buiyrous,
shiny ocolonies ocvasisting of typical rod-ghaped
eolonies, congisting of typieal Gram~-positive
rod-ghapod cells.

2. DBagillis garsig: swd ap. syooides (rliige) Suith

23 2l (sprending over the surfuce, with omrving
fllanents redisting f3om the celony).
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& By C: Besillus sersus mhisn. Srsoides
(Yingge) Smith gt al.
Moxaholosical CharschoXn :
Spreading over the surfess, vith curving
filasents rediating from $he solowy.












3R .11 Iealillug inirissliis Migula

Inrsbelosisal. Charaniers s

Widely spreading, whitish eclonies, flish
wyoslium like, in growing into the sgar,
oontsining filamgtits with mmercus septa.

Showing eoclomy appesranes on P4 dey of
insubation.

fhoving colony apresranes o 12%h day
of incdation (8.2 om 41a.).






3.

b,

8

é.

7.

8.

-1abs-

Desdllig magnis: Zismeruann: meid senitransparent
veseubling évops of pastes.

Bandlius assiomeraiud ()Ggula): small greyish

yound colenies.
mmm.—:uwmmm
in their entivety.

Bagiling saxsus: Yramidend snd Frankland: Flat
colamies vith fiat esntar, weskly wavy edges avd a
powlsry surfass.

Jexillug idoms Prehard: Dry lusterless oclonies,
leminated finedy wrinkled.

Basddina inSTisatug Migala: Widely spreating, whitish
eoleniss, flat, wreelius like, ingrowing inte e
agar, comtaining filaments with numercus sepla.

Al e Resillug strains inelnded in this Lrwestie

gation vare oollested from sedimerts of the different
estuarine stations of Ceshin Basimster during 197%-7%,

36 rendom colonias with 4ifferent morphologieal

apTeaTencs vod fsclated and was maimained on slants of
stosk oulture agar for dedng furiher Mo-chemical tosta.
The tests and pereeniage cocurrencs of positive reastions
vere givem in the Tabls 20.



TABIE 20. Rio-shemisal charssieristies of Basills strsins.

Teod Resuls % Jositive
Orame-struin éram + Jong rods 100.0
ALY * 96.9
Nitrute redigiion * 82.6
Gitrete m) * 9.8
Indale = 0
Voges-Progimier * 89.8
Urease (Christenesn) - 8.6
Galadin iiguifestion * 400.0
Casoln Lyérolysis * 100.0
Stavreh hydrolysis * 8.9
Aodd fromi Glacose + $00.0
Lactone - 8.0
Susrose + ¥5.0
MNpandtel - 60,0
Maldose + 10.0

+ = pogistve in 80-100K of straing tested,
« » negative in 80-1008 of styains tested.
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Shazashars of be laclakes s

Sysre-ferning rods, wotils foruing chainlsts. The
spores vere oval-ayiindrisal and not strictly losalised.
Grem-positive, grovih in fintd wedia ved ¢lassified a8

a) Claaring vith sediment

») Unifers rbidaity.

Foruation of pigments were sstimated from grovth on
nutrient sgar. In Sen water agar thay pwve a finely
wrinkled, dry streak with mat surfase. In Ze Bell's 2216,
oolonies ave found a8 & mat vith felded surfass snd twe
fypes of colonies vere found. Ome is Sransperent and
diffiguls to remove from ¥he agar with an even wrgin,
others sore dere with villi on the wargin.

In ses vater agar vith ¥ glusese, growth essurred on
e surfase o8 wrinkied wviitish filn. The agnr wround e
eolonies turued brown or blask.

Razmeniakicn. o Kisaxa ¢

Some % straing fezuented the sugsys like gluooee,
aereds, and mennitel in 6 duys ad all the 12 strains
fermented the sugars after the Oth day. lectose ed
saltase vere mot favwptied by most of the strains. REydre-
lysis of stareh was noted in 80,95 strains vithin 72 hys.
and Gelatin was liguefied by alwost all the strsine.
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82.4€ of the stvains reduced nitrate. Grovih in sodimm
ehlaride (% snd 10£) were found satisfactory.

Bugh and lsifeon’s results were oxidative amd fey-
mntative and uvease astivity of the straims was ecwpare-
tively negative forming enly 2.8¢ of the total strains.
Indols production wvas completely sbsent but 1008 easein
hydrolysis was sesn among these isolates. Citrate vas
utilised by 91.85 of the fsolates and 89.8¢ were pesitive
for Vegesproskmir yeastion.

For the present investigation, Ragillus sp. isolated
only fyom sediseits were ineluded. Totally 36 isolates
ware sslected based on their worphological appearannce and
their blowchemical sotivities were studfsd. Wood (1953)
deserided a pink Degillus mablllia 1ike organiss frequently
in soms Rast Anstralisn estuarine sedimsnts. Clwnamon
eodoured baoillus was isolated in plenty in the present
iwvestigation. Hilen (1923) recorded seven spesies of
Jeadllug from foulsd surfade from marine eavirommgnt.
Apert from Mragulaps snd Shashyioopomus both non-plgmented,
a Jak bacillus with emtral spores vers 1aolated fyom low
lsashing rate copper and from wereury bus not from high
leadhing-rate oopprer paint. These eultures vere resistant
$0 copper and mereury and there vwas aseme correlation bet-
wvoon the resisiance to the two metals., Subeultures on
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sopper and Mrauzy agars showed incereesed toleramecs,
suggesting that to seme extent resistance is selactive.
Venkatarsmen and Ervenivasan (1955 b,e) found nine
Bagillug syp. some pigmnted from marine enviremmsnts in
Calisut area and fyom fyesh shayk. Only edght species
of Bagillus were found in the present imvestigation from
the Backwater sedinents.

Wood (1940) enemurbered 10X Bagillis syp. in spoiling
fish from werket and yetail shop but in trawled fish caly
9% Bosillug ves isclated. Out of 72 dasterial straine
isclated by Venkatarsmar and Syeenivasan (19% ) from ses
vater, 40.3% were of Bagillug from Calicut seawater vherees
50.9 Negiling were isclated fyom 65 basterial siraine
1s0lated from maskerel. Weod (1940) Seelated 30¥ of
Baaillag fyom market surfases, 3% from gut of fishes, 12%
from sea vater and maryied atly, 9% from gills and slime of
fish and 8% from 4ap water. Colwell Ssclated in Chesa-
poske Bey & Dagillus from 152 sselates isclated from the
oysters canght from matural and eontrolled emvironments of
Paaific ecasts. Buck (1973) isclated 7 Rasiliaa from
Commoetiiont river in the prethermal and thermal disgharge
fyon Camneoticut Yankee Huelear Mant., In lake Mesquarie
Weod (1959) enceuntered the genus Raaillug with extrens
protectylic cspacity 325 from the surface vater, 39.5%
from, 1 metre from bottom and h3X from bottom sediments,
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All these resulys show clsarly that enly sedimend
1s exslusively the habitat of the genus Beaillag st it
e Do isolated in higher numbers from sea water vhers
there is busy transpors by ships or by dredging. In
Caligut sea water studied by VenkaSaraman and Sresnivasen (/954
wore Bagillig vas found 40 be present. 10¢ Desillus wee
iselated fyon Coehin Backvater sedinments and 2.4£ of Whe
WMMvaathhmm.mlh£
Litehrield (1966) found thet Jagillus prodused higher
onuyws yislds whwn protein was suspended in medins than
vhen 18 vas dissolved in the medivm. Jagillua opv.
feedated from Cochin Backvater seilments were biochemically
sstive. Proteins like gelatin, caselin were astively
utilised by the isclated strains (Table 20). Faburally
cosurring refractory compeunds sre ganerally ecnsidered to
inelude the less resdlly degraded componnts of plant and
animal yesidies sueh a9 selluloge, chitin, pectin, lignin
and homss. Cyoling of refructory materials in the aguatie
stwivomment sap be cowidered %0 take plase chiefly ab the
vater-sedinent interfase. e surface sediments of the
aguatie econystenm act as a beundary betwesi the eiremlating
dynmnis wediun primerily doninated by the propertiss of
vater and its solutes sid the strusturally more stadle
medlun the sediment, vwith yrepertiss much liks seil. This
bowndary avee was feund 40 de the site of intesnse miaredial
astivity in most nabural waters. A variely of dasteria
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tneluding Bagillus ves 1selsted from surfese sedimmts
in large mubers relative to the overlying water eolumm,
The mud vater interfase comtain mest of the organie matter
sedimented fyou the surfase water. (bsarvations of Barber
(1968) and others indtlecte thel partisulate matter in deep
vhich are slowly degraded by Degidlus stratns.

In eonelusien, the presense of 14 Baaillius strains
in the sediments of Coshin Besiorater suggests What eysling
of refrestory orgmnie coupounds does oocur in this estuary
wainly vith the help of spave-forming miewches 1ike Ragildlus.
Hovever, the data are fregmentary and the pattern of true
‘eyales' of these refractory organic compounds end the
basteria coumected vith 1% remain to be stadied in detail,

The total hetsrotrophic ecunts from sll vater omd
sedimat samples in a given womih, were sveraged from fort-
aightly values end presented in Fig. 2%, The highest count
vas engouniared in Ostober, mumntm:w‘/\m
and the lowest in Nareh, 1976 (36 x 10%/ud) 1n the seme
statimm near the Cochin havbour, The ares was predominated
by warine conditions in wost of the timss evemthough this
statiom vas situsted in the estuarine aves.



Pig. 22, Shoving totsl plate sown (Bo, x $0°) n weter and
' sediment in the srea of stady during 197576,
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In sediment, highest value of heterctiroshic asrches
vere oblained in Nme, 1976 in S%ation X, near the sevage
outles (24 x 109/m1) and the 2owest ves sncountered in
Ingust, 1975 in Statton IX (O x 16°/ml) situated in warine
euvirament. An impertant wdpect in assessing the wvater
@alily of an sstuaring area suned for fishing astivities
say be given by he basterislogy of sedimsut, The sediment
deposits provided a stedls indax of the gemersl quality of
the everiying wvater, partistlerly in this estuary, vhere
there s greet variabllily in the bdacterial quality of
valer, due $0 tidal flew, undsrvater curremts, fresh vaber
run-off ad sevage and drainage eutflow,

e relavant segment of marine bacterial ecology
needing imvestigation is that of sesscnal pepuilation fim.
etualions. The seasomel vartations of heteretvephs
4n sea vater, vas msagre, vharess in sedinments 14 vas pre-
uinent duping monsom (Staticn I) end postmensoon wounths
(Stations II exd IXX).

™he tetal counds in sonsoon months wexe less vhen
compared to other o ssascns. Ihe deerease in heterotrephie
uiorebial activity during wongook uonths is probably due to
s redastion in he wvallability of organic mutrients & 4o
dilntion rather than redueed water Stesperature.

Hsterotroghie popitlations were found to be highest in
wid and the musbers remain relatively eomsfan{ . a$ ell
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stations in spite of the varistiens in ewircamental
parmstars,. The mmber of dasteria varied aceording to
She site of saupling end seascns and ranged between 30
sad 300 soloniss in the 10°® atintten,

AlSogether, 202 pure stral's were maintained after
is0lation for further idantification and for a brief
study usiologisally. The wrpiwlogical and phyysio-
dogisal charasteristics of the isclates are sumsarised
in the Fig. 20 b, Almoot all of the isolates (270,
96.9%) vere agporagemous graf-tegative rods usually
pleomerhis. (Orem-positive basteria isolated were mmly
Ye9K. Motlls basteria wers move sbundant (78.2%) than
noB-motile bastaria and 320 Ssclates were wtile when
grown in seud~-p0lid agar. g-ummmxwu
found to be More than staveh hydrelysis and e genus
Aloaligsien vea found to be very astive in hs preteclystie
PEOCSEs .

he relstive sbundenes of feur dowinant geders in
poramiage isclated fyom see water and sediment in sach
stetlon ave 1llustrated in ¥igs.232-T,  Appromimstely
90-95 basterial strains vere iselated fyom gach statien
fyom both vater and sediments snd meintained in the
laboratery for further 14emdificadionm. duoimg (T35~ 76+



mo”.i

Showing Sotal plate gount, yelative perosutage of
predominant genera, Tokal ocoliferws, Rashaxishia
2011 and Faseal streptocvosi in Statiom I in
surfase water together with rainfall data for
Coshin AP Guring 197%5-76.
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Fig. 33 ». Ghoving total plate ccunt, relative pevoentage of
predoningnt geners, Total colifores, Esshariashia
20l and Fascal strsploeseci in Stetion I sediment
together vith rainfall data for Cochin AP Guring
1575-76.
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rig. 3 ¢. Shoving total plate count, relative peresnage of
predouinent geners, Total eclifuvrss, Easbaxishia
2931 sd Fescal strepbocoeei in the sarface water
tn station II together with rainfall date for
Cochin AP during the period 197576,
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rig. L3 4. Shoving total plate ocount, relative peresnitage of
predoninant genera, Total ecliforss, Lssharishia
2811 sod Pescal streptooossi in the sedimng 4in
Station Il together with raimfall data for Coohin

AP during the period 197%-76.
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Fig. 23 o. Shoving total plate eownt, relstive peresntage of
predoninmat genera, Total colifores, Easherighis
25l4 end Fescal styeptosoeei in surfase water in
Station III together wvith rainfall deta for
Coshin AP Quring the period 1975-76.
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Fig. 13 £f. Ghoving tetal plate count, relative peroentage
of gemera, Tokal eoliforms, Hssbexighia soll
and Fascal streptoeoeci in sedinent in Statiom IIX
together with rainfall data for Coohin AP &uring
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Bonddlaraeny

In sea vater, Algalizaiag oxseeded WX of the total
hoterotrophs in 8 of the 1R momdths in Station I 1.0. Dear
the sewvage (Fig.23 a). In sedimnt enly in May end Angush,
Alsaligstes exoeaded M0S of the total (Fig. 23 b) and
almost half of the iselates prodnesd indol, In maring
ocondigions L.e. 1in Station II, Alsalisaibss ves deminant
oaly in the monsoon months (May, June, 1975) in sea water,
whereas it wvas sncountered sbove WX im all the post-
noueooh months in sediment. Apart fryom this in April and
June, 1976 also Algalisenss ves isclated sbove MOX in sedi-
uehS. In braskish water enwironment AlSalisSnas exseeded
well sbove 38¢ in the months of Desesber, Xareh, April,
Moy and June which showed their preference of pH (7.0 %o
7+9) and other chemical fastors in this station. Alsalissnes
vas predouinant in all the seasons showing their capesity
%0 adapt thenselves in marine enviremment.

Iesudonenas ¢

The mext isportant group enoowmtered wvas JPessidomnnias
Isolates producing greenish fluoreseent piguett wes Sotally
absent, Venkatarammm end Sresnivasan (1955) isolated 2
fimoresosnt piguented JasidomnRag vhich did mot grow at
37°C, dat grow slowly et 28-30%C. They alse feumd only
the non-flncreseent Pasudosnag vere maring forms snd the
twe flnovesesnt ones which grevw in fresh water media with
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equal fasility mast be of fresh water origin, §inee
they isclated this gresnish finorescent JFastidosntiag
more freguently froa green wussels, the fiuoresesny e
mist be considered o8 non-marine types. Generslly the
dissribution of Fegudousnas ves sbundant in sea vater
when ooupared 19 sedinent,

Bear the sovage cutlet (Station I) Fesudousnes
exeseded 305 of the total in Junwayy, vhen lovest rain-
fall was recorded, which showed that these isclates ware
indigencus flora snd not an exotic eme (Fig. 23 a). 90€
of the 1s0lates vere poverful demitrifiers, predeaing
gaseous nitrogen from nitrates, dut negligible fermentative
astivity vas seen.

In Btedion IT, PEsAONONAR Yed Teeonded more than 3%
in February and April, 1976 (Fig. 23 @), and the distri~
dution had on inverse correlation vith rainfall, In
Station IIX, Megudosonas fermed 38¢ in sea water in the
sonth of Juwary, 1976 (Fig. 23 o).

In sedinettts, IoMdORSRAS ves shecuntsred lass, snd
aear the sewage ontlst (Statiem I), the percentage of
Desvdonnas exveeded 20S in 10 of the 12 months perdod of
hsarvation (Fig. 23 ). In marine eonditioms (8%ation II)
Insudoscnas exoeeded 308 of the total isolates Suring
Septetber 1979 and in Mareh 1976 whereas 4in dDrackish wvater
oonditions (Statiom III) (Fig. 23 £) PasidomnDan vere
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encounteved 20X in Desesber 197% end 29K in April 1976.
All ¥hase is0lates were found $0 grow egually well om

sea vater a8 woll ss o2 fresh wvater media. Oslatinolytic
aebivity was very meagre in this genera ia the presend
stuedy but Zo Mll end Upham (190%) found that seme 60
straing of waring basteria (mewbers of Rsudescotadaled
od Ribasterialas) ssn earry cut Expisnlyals end b7 could
idqety gelatin, Btarch breakdowm (W8 ) was mainly
sarzied ous by Rasidlus ond ZemidRRMBAl SID. end these
genera vere found %0 be rish in the exc-enayms enylases.

Yihxie - JaxopcRag ¢

n see vater 15 - 16f of the twAal fsolsten ware
found te be Yihrig - ASX0RONAS 1B the present study. In
Station I, Yibrig - JGRORORSS S¥OUpS attained 16 during
the months of July, mgust and Moy (Fig. B3 a). I
S%ation II these %o geners in the family YAhricoagash
ranged Detween 15 wd 145 during Septesber, Onteber,
Novesber, Jemiary, April, My (Fig. 23 ¢). In Draskish
vater the YAIzip - MXOMEROR STOup exceeded this yange
in mgust, Decenber 1979, Jumary, February, Mareh and
April 1976 (rig. 23 e). Differentiation between Yibris
and LSTORERAS SPP. Yas Wade on the Dasis of gas produstion
in Barsiekow wmdtm (glucose Lroth) eontaining s Durham's
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tube. Gan producers ware assigned to the genis JAromgnas .
Wrihologically, mest of the jarcagias strains thus idmii~
fied ranged from Coesu~basilli %0 shors, stoud reds.

D sedinents Yihxia -~ JRXORERAS STOup forwed 208 of
the $8tal fsclates duyring Migust and Deessber 1979, February
and Juns 1976 in Station I near the sewage outles (Fig.a3d),
In marine omnditisne (Stn. II) 205 veeovery of this group
vas pessible during April, Mareh and Moy (Fig. 23 4)0 In
‘brackish vater, YiRrichagsas ves sbundant during Ostoder
1975 andt June 197 (rig. 23 £ ).

The percentage of Lihrig - JEXoEODaA 614 not shov
very great seasonal abangss in the distridutian of Yikrig-
BAOAsS 10 water and sediments. In biocchemisal astivities
mich difference wes not cdserved betwesn Yibhrin end
AISuSRag. oxoept in the wetabolism of glucose. Matadbelisa
of gluccse VW jerouthad ves fermentative vith ooplous
produotion of gas. But the wetsbolism of Yibxip wee
oxidative,

The pigmented Iisyshasherium ves the predowinent
geners found to produce orsnge, yod/yellow pigments, the
conmis always being high in sea water then in sediments.
Pigaents are not scluble in the medium, the hue wvas yreduced
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ofien depending wpom the nutrient mediun. Red and

rese pigments were evident next, belonging %o MIgXRARSMMS
ond Jagiling respestively. Kiavshasiexida strains fallsd
$o grov in fyesh water media and may De eonsidered %0 o
marine aceording to Ze Bell (19%6). They exhidited very
poor ssocharclytic tendeneies o8 noted in the case of "truly
marine” dactaria. Nisgshasiariua strains vere imert, never
MwamMNmmm
undsyertant role in the speilage of fish (Castell and
Mapplebeck, 1952). Gakata and Kaktimote (1979) found that
non-pignented bacteria wers suseeptible 0 visible light
vhereas pignented basteria were resistant %0 vieible light,
the zeason Wy Ilarchastiariis ves enesuntered more in
surfaee water in the present stady.

Marine basterial flora in geteral are characterised
by the presence of only a fev types wvithout much diversity
vith restricted Alstridution pattern, (Venkatarsmen and
Sreenivessn, 1997) and the peverty of Sucterial gemera in
marine euvirenuent may d»e @ $0 the specific basterieidal
Bature of sea water.

This ectprised, spere-~foruming Oram=positive rods
Jagdllus ana Gren-positive Migyapoagd. Like the 3 pre-
dominant goneras these 2 genera also gxhidited very poor
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saccharclytic tendsnicies as in the case of ‘jrusly marins'
bacteria, But none of the Jacillis end Nigrogogsi were
‘marine! forms in the above sense as well as in thelr
Gram-positive nature.

Venkatarasan snd Sreenivasan (1957) after working in
the offshore sea water of the west coast isolated the

following geners, Baglillus, Miercecqcus, Sarsiba, Fiaye-
Rachaxiue, Jsbromcbactsk, Bastarium, Cornsbagterium end
Alsalizsnas. In the present imwestigation Saraina,
Bagkexium a»d CornebagSariUm were completely ebsent, insteed
of Dssudoicnag, Yibria and jeromopng vers encountered in
the decreasing order of sbundsnes.

Velanksr (1955, 1957) attewpted to classify the
bacterial strains isolated by him into b different groups
based on their nmature of Gram-sSaining and sugar fermentation
for oconvenisnce of diseussion. Table 21 illustrates compa~
rison of bacterial genera isoclated in the present study with
the deseription gharssters of marine strains by Velsnker
(1955).

All the 7 geners fdentified it very well into the
dascription of eharacters of the isoclates and exhidbited
all the plhysiclogical resstions.



TAKE 2%. Comparison of besterial genera isolated
during 1975-76 vith deseripiion of
sharasters of sarine strains Yy
Volankar (195%).
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Analyais of Yarianca Sest

To test vhether thare is any significant difference
in the bacterisl counts detween stations, wonths amd
Tegions, data vere snalysed statistically usig the snalysis
of varianos Sedimigue. For the purposs of analysis, the
basterial counts were ecuwerted %o their log values after
adding 1 0 all cbservations wherever Decessary. The
hsexrvations from the analysis (Teadle 22) showed that the
Setal plate count has shown significent difference betwesn
stations (P < 0.01) and betwesn regions (P < 0.01).
B8%ation III was having signifisanily highsr occumts in botton
vater and in surface sea water. The variation bethween
months vers not signifigant o8 55 level. Also, nene of
the first order intersctions wveas signifieant at 5X level.

The matrix of correlation fremed, for each station,
for surface spd bottom vater bacteria during 197576 wexre
presented in Tables.23 %0 25 for ses water and 26 & 27 for
sediments. In sea water, in Statiom I, no correlation was
seen between sy of the ehemical and misrvebiclogical para-
sebers vith total heterotrophis oounts (Tadle 23). I
Station II, signifieant (P < 0.01) (Table 2%) negative
eorTelation vas sesn vith temperature, whieh showed the






00°% &0 Anh.ol 9T°0 £2°0~ $0°0~ g0°0~ 90°0~ 60°0C 64°0~ £1°0 290 O%'0~ 60°0 Py

00°t 61°0= €2°0 £1°0- €1°0~ 91°0~ ££°0 @2°0 L0°0~ 20°0 OB°0~ 610~ @o0*0- TRN-¥
00°s €C°0= 44°0 10°0= 91°0 2Z1°0 OT°0~ ZZ°0 «°0 =°0- €T°0 So°0~ ﬁ

00°4 $£2°0 00°0~ O0B8°0- 20 €40 S4°0~ $2°0 120 {Lf0- (20 TN

00°% $£0°0~ 90 LL°0 90°0 LB°0 fwO0 0~ M0 0’0 E0g

00°4 90°0 gE°0~ ££°0~ 11°0~ g4'0- S0°0~ {T°0 gf'0- ¥ 4
00°F T0°0~ 0£°0 29°0~ 'O $2°0 0~ QYo In-““

00°F 40°0 £0°0 o59°0 0t'0~ £1°0 A5°0 !-H

00°t o~ @0 Bo @0~ Sito- ve-Yor

00°F £8°0- 15°0~ 460°0 05'0  x-Pom

00°t ©°0 420~ &0 o

00°s o99°0~ 90~ %

o0t g0 ATuyres

004 ‘éney

S e i o b e

,z..,s T S S
Teosng THUGEE 37 THSY -0 o1z

°T WO - =Cl64) XA BeS uy
§§a§§§§§§ *tC aIwvy



i@t

tSrue phyohrophilic nature of the sarine basteria isolated
from Cochin harbouy avea. Joreover, this type of inverse
association amalysis may indicate groups of bascteria parti~
aularly useful for comparative physiologieal ecoldegy.
Although, both Baywel abd imverse fores of assosiation
analysis say be seclogiocally wesaningful as ssperate snalysis,
1% vay Do of interest 10 exanine the extent $o vhich these
sapreplytic heterotrophs are tied wp with their hebitat.

In Station IXI, significant (P < 0.0%) positive corre~
Bashazishia sald (Table 2%). \henwver §. g0oll or fascal
coliforms were found sbove the permitted level, ususlly
total hetavotrophis bacteria wvere alsc found in high numbers.
In sy cases, the total heterotrophs themselves are consi-
dered to be an important index %0 deternine the hysgienic
Qiality of the ewirenment.

X nedinaih

In sedimgilt, 1O correlation was seen debvesn any of
the chemieal and migrabiologiesl paramsters vith total
heterotrophic dacteria in sedimeits 1in all the stations
(Tables 26 %o 28),

The significance of marine sedinsents o8 reserveir of
been realised until resenily. The basterial population
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of the sedimenis can influgnes the static and Qynemie
soaposition of the bacsterial populations of sea sarfage
water af vell as ofther marine orgonisms found in the
estuarine, inshore end offshore vegions.

IS can e assumed that the signifisant shundanee of
AlSalizenss populations found in the vater eclumm of this
area ave divectly related to %he Algalizsiies population in
the sediment deposits in the same escsysten. In the
latter case AlgalizEnas Syp. oomprised upto W0 pereent and
sbove of the total hetercirophis basterial popalation.

For a wore complete undsrstanding of these popitlation inter-
setions, additional studiss of ¥he bedavicur of selested
basterial species assoediated vith Sransport of watermass bty
undervalier currents snd tides must be doue.

The predouinancs of e Nendonpnodasess in eoastal
sea vater and sediments has beed reported by various iwesti-
gators in several ocouniries (Marehelano Byown, 1970
Altsehuler and Rilay, 19671 Zo Bell, 196 and Wood, 19%3)
visereas Lovelacs gf al. (1968) reported the domimance of
Yihzionaanas in Cxasassaires TiXxiniss, o8 a ecwmensal
nigrebe in Chesapeaks Bey and Simidu g al. (1960) also
reported the predominance of Yihrignaoass in the hetero-
trophie bacterial flora of the ses vater fiom the Nanwel
Sheto (Ryukyo He$%o) area in Muvoshio current whish suns
betwesn the Pacific Cosan and the east Ching Seas Ihe
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weshanists yesuliing in the predominsnce of JRendonciodanss
in esestal vaters and sediments are not elear, bus thers
is some evidenies that suggest that mutriants derived YW
pliytoplankton bleoms and mutrients of animal originm,
dertved fyom sooplankion and fishes can ascelorate the
growth of Algalissties in sea vater. In the Coshin Bask-
vater large quantities of mutrients entering via seversl
sownge and drainoge eedals, also suppord the growth of
owering the whole trophie levels., In this cowbext,
eonditions fer wiocrodial growth in Uw Cechin Backuster
a¥e similar to those of Nawsngewett Sey (Mbhode Islsad,
USA), Kamogawa Bey (in Jepen, 1962) sl Long Island Sound
(Mew York, UBA), vheve predowinance of Pesieunbadacsag hes
been documantad and the cocurrenve of Alsalisshas,

An unsquivosal relaticnship wvas not odserved bdatwesn
the relative sbundanse of Alsalizsnes syp. end mesbers of
the other bacterial gerwra vith $he chenical and hydro-
groghis parametors exanined in this study. The highest
hetezotrophic emmis indisated $he chundance of one or more
predouinant genera. lhenever, higher counts of total
heterotrophs were chserved at Station II in the inshove
reglon that obsexvation was eoineided with that of lowest
Seuperature and lovest salinily of the sea vater and sediment
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Samples analysed. The $otal heterotrophic counts wvere
low 1n bDrackish water avea st Station III vhenever salinity
and temperature wes recorded high, 3The high salinity sb
the time of sampling (32.04%0 1in sea water and 33.%fo in
sodimnts) (Fig. 7) suggests that inflow Ly wnderveter
ourrents or high tide may have ossurred at that time.

Athough the data indisate that 3 of the b dominamt
senera (Alsalissmas, Zasudoncias Yihrig svp.) mey dominate
the bastarial flora ab ¢ifferent times of e year, Pig.800
shows that the biosheniesl astivily is essentially umifern
for the entire year. The result also, smiggests, although
the ganurie cemposition of the bacterial flora changes with
sessom, there are nNo signifigant differentes, in mubers
of proteslytic and amylolytic, symogenous basterial flora.
If the mjor eaclogical function of bdascterial hetarotroths
18 the degradation of momeliving organic matter then, at all
$imes of ths yeor, dacteria wust be Present wvhish ean |
wstaboline the sudetrate pressnt. IS 13 imteresting %o
note that, although certain basterial genera are doninant
at specific times of the year, the physiclogisal activities
of the bacterial population present st any ome time are
essentially comnstant,
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A thereugh amalysis of the data eenserning morphology,
ysislogy snd bMochemisal astivily of nisro-organisms
has revealed that thay are structurally and biochenisally
oomplax orgemisug. They may rapidly adaph themselves
te different eawironmental cenditicns, beomse of their
aility to fors adaptive (indused) sdaywes predused by
the inflaence of nevw swdatrates of the surrounding
ewiremments Conseguently, the yroduction of adaptive
enuyues way swse a shangs in the haracter of wstabolism
and blological functione of the nev variants vhieh needs
s fuarther study.
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IDIATES OF BACTERIAL POLIITRICN
BNCOUNTERED IN THE ESTUMINE AND
NRIR RIWIRORMERT



T™he relsase of faseal pellution into Ceghin Bashe
vater ean introduss a wide varisty of intestinal patho-
gns. The primary habitat of . anll or other eoliforws
is She intestingl trast of warm=blooded animals. With
dongstic sewage mary pathogenic miero-organigng get into
soastal vaters and wy give rise to epidenies. Added
%o these are great quantities of organic and inorganie
patrients vhiich ennse mass development of basteria.

The sewage has a charasteristic migrofiora. The organisms
found vere mostly putrefying basteria like PReNdONiNes:
Freimis, Deglllus, saxsbaatar snd pathogens like falEopalia
8P+ lapioanirs, E-R- s0ll, Exsasisalla. Mrechashaxinm,
Likxio shalarags pathogenis amoedas, viruses and numerous
bacteriophages. FRelatively high is the preportion of
mmmfaWerorm
of the water with fasesl material of warm-blooded snimals.

Bman pathogenis basteria eannct grow persanenily
in e brackish vater or sea, but depending upon the kind

of waler and prevailing conditions variocus pathogns ean
myvive for a period. During that period it my conte~
uinate the fighes by adhering te gills, slime, finms amd
other parts of body of fishes. Rossidility of a direch
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eontanination of fishes vith fusees i3 rather rensts,

Af a8 all happens it does not eften exosed 2% mg of fassal
uatter/10 kg of fish vhich in tuyn ean deposit 100 entere~
basteriacses; 10 grewp D streptosceci and a fov clestridia
in fish, DBut whatever may be the type of contsaimation
vheh omee, ths organisne have ebtered into fishes in oconsi-
dereble wmbers it is very 4iffionlt ¢o get rid of thea
osmplately. Those fishes vhich ave contamimated by the
patheganiia o sewage dactaria spoil quickly soom after the
catch. Mawreover, thass pathogens, vhenever ey are
presemt in large mmber thay survive freesing and oocoking,
S0 consunption of contaminated fisbes 1is a souree of
iafectiion,

A% ens time vhen the detection and enmumeration of
pathogenio organisw iike falmmalla snd figella wes a
diffienls task, the use of the socalled fassal indieadoy
organists 1ike k. goll and Faecal streptecooci wes the
enly pessible method of assessing the ssnitary eomditioos
of upatic ewireoment, The underlying principls wes
Shat if §he indigator organisus are sbaent, it is possidble
that the pathogenis Wypes my also be absent. The indi.
eator organisa originally suggested by Secardingsr (1892)
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fer this purpose wes Rasharishia sall first fsolated by
REssherioh (1887) from the intestinal sontent of human
beings and later on supporied by say vorkers by iselaging
the same organisa from human snd snimal fasoces in eonei-
dersble proportions. Aoty organish vhich is alse
universally sppréved as ab indisstor organisa is faseul
streptoenecs wiideh 13 present in the siools of mam and

Bat now there are wally quiek snd relickle methods for
the direet deternination of Wese peiboganic organisms the
quastimm nsiurally arises whether these indisater evganiscs
have aly twportant role in modern hygiene. But dDeamuss of
the following reasons the validity of the test for patho-
gons is mt wniversally sscephed.

First, Salaonalla, o8 s ruls 1s 80 heterogenously
distributed 10 the envirenment $het a negative cutooms of
1its 4stestion has only limited signifissnee,

Sseondly, spart from the classical pathogens, of the
goera Salmopalla o (higslla, other organisms, way alse
syvesd through the eovirerment. lNany of thess espesially
virdees and inbestinal worns can be detected only with
rather complisctied methods dayond the seope of wmay uicre-
diologioal lsdoratorise.
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Thirdly, the dodection of falmaialls in the presence
of an everbelxing mjority of ether basteria in She sample
is aiffiowly,

Thersfore, a test to detest Aalnemalls sheuld not be
inberpreted to signify eseurrense or shaenes of ether
pathogens. Gines) pathogens esuld be present in polluted
vater during the shaenes of Salasgalls, there is 1o osaplete
assuranoe that ths ineidenes of other water-bexne dissases
vill sorrelate vith Baligaells eseurrense alone.

These peints elsarly indicate that indisator erganisms
have s31ll a place in yespest of fassal peliniisn signie
fieanee, dut guestions are oftan raised %o distinguish
fascal ecntamination from haman fasess fyrom those of saimals
beeaizne these organisus are also present in the aximsl and
bird exareta. But from the lygisnic peint of view, all
sorts of faseal sontaminafion ave egually dangerous whethor
originated from man o anximals. NMerhaps, the estimated
per capita cutput of these ovganisme/ hr period is mere
from animal fosces than fyom human fascess Theyw 18 alse
mithentio proof to the effest that pigs and birds are wove
fyegaent ocarriers of Salugmells than ma. All these
fasts foeus to the podnd that all soxds of faseanl indieator
dagtaria in aquatic ewiremnent sre equally objectionshle
irrespectiive of their seurce.



Geliform basteria traditiemally have been the
bastericlogical tool used %0 measire the ocecurrence and
intensity of fascal eontemiveSion for marine pollution
irwestigations., As defined in Standard Mthods for the
mdammuMGM)-mm
group inelues all of the aerebic and fesultative masro-
Sicy gram-nogutive; non-gpaye-forming rod-shaped basteria
vhigh feracat lactoss with gas formetion withinm b8 heurs
at 35°C".  From this definition, 1% Sesstes Smediately
apparent that this besterial grouping is sompubat srtifi-
eial in that 1t enbodies a heterogenous eollechion of
bacterial species, having enly a fov Weed characteristiss
in eommem, YoV, for practisal applications $0 marine
polintion studies, this grouping of total eolifors group
bas Joeved %0 be s verkable arrangesest.

T™he telal coliform group mrits eonsideration s a0
indigator of pollution becanse these bacteria are alweys
presant in the noymal indestina)l Srast of humans and
other vare-blooded saimgls and are elimimabed in large
mumbers in fescel wastes. Thus the absence of total
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soliform bactaria is evidanes of a bacteriologically
safe vater. Unfortunstely, soms straing imgluded in
the total eoliform group, have a vids distridution in the
euviromment dut are not comwmon in fassal material. Som
soliforue surviving sewvage chlorination may inerease one
oF two logs vithin ong oy two days travel downstrean,
This phenomenca is known as after growth,

mmnormsmhnommmu-
$0 time ingluding certain pathogenis dbactaria, anasrodbie
spore-formers, and Sotal basterial population, dut for a
varisty of reasoms these proposed indicator systems have
been found %0 be unsatisfestory. However, recsn$ imwesti~
gation into fascal eclifoym sudbegroup of the total eoliform
basteria has shown great promise for sharpening the bacterio-
logieal %0018 used 40 detect evidence of faseal pollution,

Sasharishia sald:

X is a gram-Degative, rod-shaped, non=gpore-foruing
dacteria: Its presence in the marine eswiromment is
asespted as an indieator of faseal comtamination as the
primary habitat of . goli is the intestinal tyact of many
varn-blooded snimals. Coastal vaters get comtaminated
vith §. goll either by direet contact or by mixing up with
Serresirial sewage. All fishes and shellefishes will
sscumilate these indicastors in their gills, fine slive and
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in the body surface. lhen enge the organises hwve
entered into the fishes and shell fishes in ccnsidesrable
ubers it 18 very giffieult to get rid of them complebely.
Bven Af the crganisus ave coupletely removed by some
chounissl treatment, the vholssomsness of the fved, camnot
be guaranteed as many of the viruses and intestinal vorns
viish ave comparatively resistant to such trestments will
bs present in the prodned in viable forws. Henoe 4§ is
very etsantial to profect the potential merine enviromment
from fastal contaningtion in oyder t0 ecutrol the guallly
of £ish, shellifish, pravns and alse other fishery products.
Cffehore water generally does mob ecntain J. gali, vhereas
ingidence of this organisa is usually noted in nearshore
vaters,

Inagal sixanionseci

They are graa-positive, nomespore-foruing and none
motile @000l which are found in human snd anisal faeoes
in large muwbers and henoe their presence in marine envircne
uen$ has bDeen well accepled as an indisator of faseal
eontanination. Just ke R. anli, foetol streptoscccd
are also sheent in offshore waters.

Expericents have given clear indigation that faeeal
strepioecosi are comparatively resistant to many adverse
emditions. Joweover, fasoal streplocoeci is also useful
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in dotermining the post process proliferation of faseal
ecntanination in maring erwiromment wvhich cammet be
detestad by the use of much less resistant k. gall. ZThese
peint to the superiority of faecal streptococol as an
index of faecal contamination in the etwiromment.

Siasbylocoocus mreua

Food poisoning esused by SSahyioscosus MITSA is
very eommon in fishery yrodusts. The osusative organism
15 present, on human skin, in boils, earbuncles, wloers,
swveat, eargum, throat eha. It has been estimsted that
about 30f of the Ixman beings are earriers of Staskrigcoscus
SISyl EHenes bumsn elowent 1s an isportant faster in
senitation of coestal ares., A fev stephyloeooei mey de
harmless, dut food poisoning outdreaks muy happen im the
fishery products if miltipliiaation of these organisus
happens in dangercus preporticns, Eventheugh, Staabvle-
S804 JTAUA asre destyoyed in higher temperature during
eooking of the fish, W¥he Soxin forwed alresdy ean withstand
100° for mere them 3 hours end hence axe present in the
materisl and if this emoseds b pg/g (v misregram) of the
product food poisoning takes place, Vomigting, diarrhoes,
gouerel walaise, prosiration ete are the gederal symptons
vhich start vithin 16 hours after eeusuuning the infected
food,
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A valugdble index of the sanitary conditions of the
uerine elwiromment is ihe estimation of faseal oceliforms,
fassal streptocccel, Staiviasessl, and Clogixidium
RxLXiBgsns. The presence of the latter iandieates an
osrlier fassal esmbamingtion. Upually, the ‘ecliform
gToup’ are used 10 sssess the @ality of a variely of
vaters, eg. drinking water, effluemts, marine boaches,
fresh waler besches, and irrigation weters.

In sevage and drainage reeeiving vaters as in Cochin
Baskwater all coliform organisms camnot b censidered as
indisators Desause maat of then muy not de faseal origin
bat delomg to soil er plamt origin. JFor hat reason only
Be 20l type I is considered in the present study as a
proper faseal indieator desause only that group can be
estimted quantitatively vith an adequate preeision,

1972=23s

From the § stations fizmed (Fig. diia) for 1972-73
isvestigations in the marine and estuarine eoniitions, only
valer samples were analysed for total occliifctms and B, oald
during 1972-73 and the results ave as follows:

Meiiiadixs malyais )

Tabls 1 gives the ocounts of Sotal basteria, ecliforms,
B+ 281 and tho data on dissolved oxygen, salinity and



Fig. Ih. (12) Nap shoving the sampling stations daring 1972-73.
(W) Boesonal distribution of Escherichiz soldy
(1) Segsonal distridution of Total eoliforms,
(4) Seasonel distribution of Total heterotrophs, -
in surfaoe vater in the area of study
anring 1972-73.
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Seuperature for the period May 1972 %o Jareh 1973, The
figures for emh month arye the wwersges of the values
given by the fortuightly oellestions. Tulkal eclifers
levels were alvays higher than fascal ocoliforws (§. aald)
levels Wiiioh is not surprising sines $otal colifoxws
eal originate from non-fasssl seurces sueh as plants
and seils, The eoliform counts finstuated between

12 x 107/u1 1n Oetober %o 428 x 105/ul An Maveh, the
sounts being winimal Auring the monsoan period for all
the stations. Minimm fiuctustions in the counts during
the Wures seascus were obasrved in Station V. While %he
total heterotrophic counts remained morve or less the same
during the pre and post songoon periods in Statiom II,
the eclifoys eounts were very high éaring the prewcasocon
poriod ian the same station,

The 5. aal) scunts ranged from 12/ml in Fedyuary 4o
B/nl in Mayeh, In the ease of J. gall while the counts
vers minimun during the monsoon period for Stations I, IXI
and IV, for Btations I and V, the counts vere maximm
during ¥his period, At Station V, the winimm count was
resorded during the postmomsoon period end for Statdion IX
the shundance 4id not differ signifiemntly during the preo-
and pest~ momsoon periods. Thus, af there is ne unifermily
ia the tyends of ccourrence and abundanve in the differeat
statists, vhich lead us t0 presume that the sessomal varia~
tions in the envirommedt do met sffest the sbundsnes of
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B» 8811 18 the estusry. The degree of eombeninatien
of vater 4s generally doternined by the coli-index,
The oelieindex is the musber of individeals of §. gali
found in 1 1i%re of water, lNater 1s eemsidered to be
of good qualily if the eoli-index 15 23, The eoli~
index rmged fyom €000-1H000 in the month of Seplosbey
in Staticns I and V yespectively.

Seasonal cocurrence of totel heterotrophs total
oolifores, R. gall 1n the three seasens is ghown in
rig. & 1,16014. In all the stakions exsept the feurth,
the winimm total counts was recorded during ths monsoon
poriad. This is a D1t unusual becsise one would eupEes
the mmber t0 De higher in sonsoom months than suy other
seasom. The redugtion in dacterial muber during mnsecn
wonths way be prdbadly due $o reduction in the avallabilily
of eygania nutrients 4o %0 dilntien and redused water
temperature. sterotrorhic bdasterial survival in estharine
water vas strongly inflmensed by teuperature sid evem if
fresh valer run-off was grester in nonsock months hetare-
Srojhic ninbers were found %0 b less; becmne of their
rapid 41s off owing to oyganis Wmatriedis dilution oy
dopletiom,

In Stations IIX and ¥V, the total counts 414 not show
large finctuations indiesting that the bdacterial flera axe
not smubjected to large seascmel variations in abundanes.
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In Station IV, the minimm counts were ebserved during
the premsnscon period, with an ineressing trend from the
prowonsoon to the postmonsccn seasons. The sbundance
attaingd the maximm during She postmonsoon seasom for
all the stations emvept Statiom V, where the difference
betusen the lowest and the highest count was not large.

Total coliforms also followed the sams pattern of
seasemal Aistridution like heterotrephs (Fig. 2+, te).
Gayal ok ale (1977) alsc foumd the mmber of total ocoli~
forus higher in vintey wonths than in summey wmonths,

The mmber of k. 20)) var alweys higher in the monsoon
season (Fig. 2, ). In Statiom II, the counts were
higher in all the 3 seasons. In the stations logated in
the marine suviromment (SSation V) . gali counts were
lovest in the presonsocn and in Postuonscon seasoms. In
wongoon months, the counts exsesded the J. gall ocounts
&b 8%ation I vhish is losated mear the drainage eanals.
I8 15 very clsar fron the survival study of R. anll Y
Greembarg (1996), Carlneci and Pramey (1959) and Mitehell
(1m)mmmfmnmmmmu.mu
ovent dhat is controlled by varisty of faotors imeluding
Soxioity due ¢o0 high salt eonemiration, predation, compe~
tition by sstive uigroflors snd limited mutrient supply.
If the pellution is remots . soll camnot survive more
than 7 days i sea vater $o give higher counts at Station V,
™he higher counts of J. gall odtained in an offshoye area
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in the present study established the fast that fresh
fasoal pollution has besn Saking place during the time
of sampling from sevage and drainage and from ship's
todlet. In addition, e heavy Sravspors, fishing
sstivity and dredging ackivity may vesuspend the celiform
flora that are present in the sedimend into the water
soliam which may be another sause of higher ecunts during
nohsoon months in the offshore syea.

A cowparison of the counts for the estuarine (fsdle
29 - 8%ations I - IV) snd marine (Tedle 29 - Statim V)
euviyonments showedShat the smviremmenial differenices in
Semperature,; salinity and dissolved oxygem 460 0% largely
affest the tobal csunis, However, the colifors oounts
and the k. 014 counts were found 40 be less at Station V.,

e J. gall counts did not shovw ey ocorrelation with
total aounts.

The lowest dempursture was recorded during the wonsoon
yeried and the maximm during the premoswoon period. The
monthly Sewperatiure values did not show wids varistioms.
The total ecunts, eviiform eounts end R. goli ecunts 414
2ot show aty oOrrelation with the tempersture velues.
Salinity ves highly varisbls. During the SW momsoon period,
owing to insreased land drainage and resultant flood vaters,
1% decomes as lov as that in fresh waber., 7The trends in the
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disselved oxygen are sompvhat similar to $hose in
saliniyy. Thw bacterial oounts (total counts, ¢oli-
form counts and . 9l counts) 414 not show any linear
relationship with salinity or disselved exygem.

A positive correlation wes reported by Velanksr
(195%) in the inshore envircmment at Mandapam betwesn
total counts and coliforms. Xer g al. (19/%) found
no eorrelaticn between coliforms and tetal counts (per-
sonal semmunigation). In the present investigatiom also
no oorrelation eould be established detween coliform
oounts and total counis.

Yenkataraman snd Sreenivasan (19%) reperted that the
offshore vaters of the west ecast off Tellisherzy mmd off
Calisut are @svoid of coliform basteria. Velamkar (195%)
also 414 ot enoounier any coliform dasteria in the off-
shove vaters of Mandapam. Aceording t0 XKetedmun g} al.
(1549), the visdility of esliform organists is relatively
dess in sea vater than in fresh watsr., The resulds of
the pressnt obssrvations agres vith this. Howgver, the
B+ 20l and other coliform counts as well as total counts
are relatively lov during the womsoom period, though the
salinity is negligidle., 7The dilution of the estuarine
vaters oving to hesvy precipitation may be a smsative
faotor. In contrast to these findings, Venkataramsn and
Sresmivasan (1955) found the peak of pollution immedialely
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following the advent of the SW momsoon in the mussel beds
at Kerspusha estuaxy, Calisut.

Ascording %o Weod (1965) absenss of ecoliforms in am
agustis exwirommedt gy be 400 0 the fact that thay 40 ™%
oocur in uncontaninated wvaters and even if they do se,
they 4o not persist for long as the coliforms are sensitive
indicator spesies. DBut Andve gf a)s (1967); Gallagher
(1963); Geldreish g} a)e (1968) and Rudolghs (19%50) studied
the myvival rate of goliforus and enterocosel and has
shoun that oolifern persists somoubiat longsy than some
enteric pathogenis bacteria. herwwer coliforms are
detected iy signify the potential presence of ether
enteris pathogmms in the seme euvircmment (Geldredieh, 1966).
Gore (1971) vorking along the Coehin Beaech and beach sand
reported that the coliforms represented a mjor flors, owing
to the constant ocomtaminstion by uman exaretion. In the
present Luvestigation 48 was found that both J. gold and
other oalifeyuws ocourzed in large musbers in the estusrine
and marine sexvirooment of Cochin which themselves have
epideniclogical signifisance as cmsative agents of infe-
etivus gastro-enferitis. This probably indicates constant
vare-blooded animals' faesal pellution through sevage,
land drainage and thyough other acurce in this estuary.
The preceding results indicate the necessity to taie extra
pressutions to elininate pathogenic argenisns while precessing
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fishery pro@acts in season vhen ¢eld index is on the
higher side, a8 fishes and prawm esaght from polluted
avess my iuwarisbly show high nmbers of sush erganisms.

Sasaxrenes a0l distcidutien of hestarial
dadisahors. Suxing 19M-74)

Apart from the isolation and emumerstion of total
plate oount, total coliferws amd Basherishia asll, eeeur-
Fenoe and dlstridution of faseal stveptoscoel and staghy-
lescect are alse inclnded during the yeried (197275 and
197%76) of study as thess indicators vill assist in
differentiating the source of pollution.

The pepulation of Sotal ealiforms in the vater eolum
vas found to vary Detwesn 12 x 10°/al in Gtation I in July
19% and 210 x 10°/u) ot Station IXI in Jeouary 1975 (Fig.
25) snd that of fasssl coliforms ves detwesn 2/nl in
Statisn ¥ Guring February 1975 to ¥al/ml in Decesber 1974
in Station IV (rig. 26).

The comcentration of faeeal streptosseci ranged from
2/ul in My 197+ at Stations IV and V to 69/ml in Statiom
V during Saptesber 1970 (Fig. 27). The faseal index wes
worked out ad sugzested by Finstein (1972) and the fescal
index renged detween 0,89 during Novewber 197 at Station I
%0 13.%0 in Juns 197 at S%ation III (Fig. 28). Tw
ratio betwesn feseal colifern and fasesl streploscocd



rig. 2%. mmaammmm.:w‘)um
water snd sediment in the avea of study during
19775,
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7ig. 26. Shoving Essharishia sall counts (No./ul) in wvater
and sediment in the sres of study daring 1974-75,
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yig. 27. Boving Sireyicoogsus Lassalis counts (No./ml) im
vater and sediment in the avea of study during 1979,
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rig. 38. Showing fascal indax of the vater and sediment
in the area of study during 19079,
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(1.8. fascal index) formad & or sbove b, 1% has dencied
hat e soures of pefiinticon is exsiusively frem Jmmen
fasttal westes. hﬁoMmhm«
pelintion during Septewber 197 vas sonplstely from
minel wastes. In gust 197, the fascal indsx shewed
predomingce of humen foecal wastes iu mimsd pollutien.
In ses water, the fascal index cbtained showed that 505
of the faseal pollaticn in the Coghin Laskvater ves eomivi
Muted bty humen faseal washes. Stagtylcocsci was gemerslly
found very rare and varied betwean 2/a) in Stebion IV
(rig. 29) during June 1974 to 48/ml in Staliocn II aring
Mgusts 19,

In sedimenzts, higher total celiform eounts wers chiaimed
in Statien IIT in Jwmary 1975 (290 x 10°/ul) wnd lower
eounts wvere recerded during Dessmber 19 (16 x 10°/1)
(Fig. 25) end that of fascel coliforws (. gall) ramged
from f/ul in mgust 197% 1u Statioem II, to 190/ul in
Pebyuary 1975 in Station I (Fig. 26).

fyom 5/ul in July 19% ot Stadion IV, o0 9i/ul in My 197
at Station I (Fig. 27). Staphyloecesi ranged frem 2/md
10 April 19 at Station III %0 62/ul at Statiom II during
June 194 (rig. 29). Ho sppreciadble suasonsl variatien
vas sesa in eny of the indisators of Decterial pollution
exanined ia the peviod 19A-9Y.



Fig. 29. @euwing the counts (No./ml) of Siahylousosi in
valer and sedinent in the area of study

aaring 19775,
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The fascal index in the mid varied between 0.68 in
Station VI in April 19" to 16.50 4n Station IV in July
19% (rig. 28). The sourcs of pellution in May end June
197%, vas coupletely from animal faseal vastes, eventhough
the predowinanse of humen faseal wastes vas sesn in some
stations. Only 32¢ of fessal pollution vas esmtributed by
hunan faseal wastes in sediments through the sevage,
drainage and freshvater yun-off,

Seasonal distridution of total ecliforms, . sall,
Ananieosonus faasalis, feseal index end Shanhylosssal
st the six stations under study ow shown in Pigs. 2%-29.
All the four groups of organisms vers enecuntered in
higher nusbers in sedisent than in sea wvater. The baste~
rial comtent of surfase waters and sedimenmis flustmated
widely, dut thers c.as uo evidenes of shythmic sessomel
variation.

The data of todal heterotyrophiis counts snd B gald
in ssa vater and sediment from all the six sites vere
subjected to correlation analysis. At Gtatioms II and V,
a slight negative correlation vas sesn betwesn Setel
heterotrephie count and X gali in ses water (Fig. 30 a).
¥o significant correlation vas seen betwesn the twe paras-
seters in sedinent sasples from all the sites as expected
(rig. 30 »).



Fig. 30 a. Shoving correlation smalysis of heteretrozhie
basteris sguinst Rasherishia soll in surfese
water during 19M-7%.
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7ig. 30 b, Mowing correlstion amalysis of beterotyephic
bacteria against Zacharighia aall in sodiment
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The analysis of variamos test showed the following

The coumts differed signifieantly bdetwest stations
(P < 0.0%), betwoen momths (P <0.01) and Detween regions
(P <0,01)c The pressnos of esliforms was more in sediment
than in sea wvater (Tabls 30).

[roihmediendn eo8dy

Ee a0ld eounts showed signifisant diffevemse (P < 0.01)
between yegions., Signifisantly higher osunts were cbserved
in sediment than in sea wvater (Teble 31).

Zantal index+

Fastsl index showed signifigant difference betwesn
stations (P < 0.,01) and detween months (P < 0.05). Station
IV wvas having signifieantly higher fassal index oowpared
o other stations in both sea water and sedivent (Tebls 32).

Zassal aixazionpand ¢

Streptocoscl eais showed signifisant 41fference
betwesn stations (P < 0.05), uenths (P < 0.,05) and regiom
(P <0.05)s The count vas signifisantly high in dack-
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wvater than in warine eenditions. Station I was having
highar stzeptosccci counts than other stations both in ses
vater and sedimant compeared $0 other stabione (Table 33).

There is o eignifisant differemce between the oounts
of staphiyloevoci Detweesn months, stations snd regions as far
o8 ftsabyiponesi ves coneerned (Zable 3% ).

Produst-momsnt correlation cveffisientswere somputed
betvesn Dasterial counis and other phiysico-gheuical pare~
noters of the water snd sedimend sesples fros six sites.
Tables 8 $o 19 Lllnstrate the resulis of produch-moment
strrelstion goefficients of all weasured paramsters in sea
vater and sediment (hottom water).

D2 sea water . sall showed signifieant (P <0.0%)
posisive ecrrelation with phesphate in Statdon I (Tuble 8).
In 8tation II, fiasbivigenssl showed significant positive
eorrelation with Escharighia gald (Table 9). The cowre-
lstion 1is significent a8 W level in August 197 and
Jumsxy 1975. No corrvelation was sesh among the other
basterial and chemical parvamebers in 3tations I wd II.

In Btation III, also 20 correlation was established Letwesn
the cbserved chemisel and miercdiclogical fachers (Teble 10).



TARIE 33. Anelywis of Varimnoe B
(Garentooonmms
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Sever 7.05% 107 0.05
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In Station IV, coliforws showed signifissmt (P < 0.0%)
Begative esrrelation with total heteretrophis eounts at
% level (Tadle 11). [iravicspesus Lassalis showed signi~
fieant (P < 0.01) negative sorrelation at % level with
phosphate. Also, signifisent positive eerrelation wes
seen Detwesn staghiylocccel and Rscharishia sold st %
level in Station IV.

Yascal index showed signifisent (P < 0.05) negabive
eorrelation vith stagiyleessci. In Statton V signifisant
(P < 0.0%) negeative correlation was seen between }. gald
and touperature st ¥ level (Tadls 12). Significant
(P <0.09) negative correlation vas also seen bdetwem
Slxamteconcus Sansalis and phosphate. Staphylocceci
shoved significant (P <0,01) peaitive correlation with
Be 80)4. In Station VI mimed pollution was evident besed
on foseal index (as A% Tanged Detwess 2,20 and 3.80 in My,
July, mgust, Septewder 190 and February 1975) and Shzenie-
aenmis Lasalia showed significant (P < 0.05) negative
eorrelation vith §. guli at % level ubieh may be due to
the pre@owingee of antimal westes in miwed pellution in
this station (Tadle 13). Also faseal index showed signi-
fiesmt positive correlation with . gald (P << 0.0%).

In sedimnts, in Stakion I, ecliforms vere signi~
fisamtly (P < 0.0%) positively correlated with both &
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sbd Setal heterotrophis plate ecumte (Table ).
Aziescanus £aefalis showed signifissnt (P < 0.0%)
segative osrrelation with salinity. The faseel index
of ¥he md showed significent positive oorrelation with

K+ 88ll a8 5% level.

There vas no effeet of JE en sy of the varisdles
stadied except on B, ggll An sediments, which showsd signi~
fisant positive correlation with 3® (P < 0.05). Faseal
Aaex vas significamtly (P < 0.01) positively servelated
vith §. gali (P < 0,01) snd negatively oorrelated with
Skankrissoacs sb % level. In Station III, also fascal
index wes signifieantly pesitively correlated vith K. gald
(Table 16).

A negative oorrelation was found bdetween B. gold snd
B at 35 lavel end positive eorrelation &b 15 level was
sesn at Station IV (feble 17). In Statien V, eclifvims
ware positively oorrelsted at W level, and vith Gaygen ab
0.% level. gtradicacens fassalis ves signifieantly
(P < 0.05) negatively correlabed vith nitrate wheress
Shaulooenal shoved signifiommt (P <0,0%) positive ecrre-
lation vith oxypen snd miSreds af M level.

In Station VI, %otal coaliforws showed significsnt
(P < 0.0%) posittve correlation vith tenperature, salintily,
and g (Tebls 19). Sixeptossosus fasgalis ves significently
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negatively ecrrelated with temparsture (P<0,0%), nitrate
(P <0,05) and 38 (P <0.0%). {Sashyisaopagt siso showed
sigaificant (2 < 0.05) megative esxrelation vith girepionoesus
Laasalla.

3otk heteretrozhis dasterial counts and indiestor
B+ Sall ecunts reashed maximum gt the wost polluted statioms.
Fastal eclifore levels were lover than total sclifors lawels,
as emosuntered during 1973-73 which sant eriginate from nom-
fassal sources sueh as plants and soils. In gemeral, the mmber
of indisator organisns ot all the smmpling sites wvas lower for
vater than for sedinent samples. Also, there wvas somparatively
isss flustuation in the basterial cenceniration in sediments
rather than in vater samplas. Ascording 4o Greemberg (1956)
sdsorpiion snd sedimmtation tend o remove organisms from sus~
pension and consentrate them on bottom deposits wvhere they can-
tiaus e astive existemoe. Rittemberg gf al. (1958) foumd high
oslifodn levels in wund exbending several uiles from nsrine
sevage utfalls diseharging primery effluemt, miggesting
that susvival of basteria vill inevease after sedimmtation.
Ve Donsel and Geldveish (1971) examined a wide variety of
sedimenis and found that tosal eoliferws, faseal coliforms,
streptoocoscl conoentrations were 100 $0 1,000 times higher
in sedinents than overlying water. 7The presence of large
nasber of solifoves in sedimemts is hasardous in lishs of
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desrvation ky Grimes (197%) who revealed that there is
every poasidility of getting imereased faeesl eoliform
eounts in surface vater followed by the distusemes and
relosstion of botton sadiments by dvedging. The chser-
vation by Geldrvedsh (1972) that pathogen ean swsvive in
the dobteu deposits of a river or laks for seversl wesks
before they dis; also supperts ihe sbeve theery. 2The
ability of enterdhacieria % utilise mutrients released
fyon sedinenis has besh shown by Hendrisks and Morrisen
(1967). Gorba and Moleod (1976) comcluded on the basis of
lsboratory results that J. gpll eould survive sd grow inm
unsterile nafural sea valer enly wvhen sediment vas present
during the experiment. Fathogens adsorbed to sedimmts
poses danger by adiering 4o fish ealeh during travling end
also resuspension of sedinments in response $°0 surrents,
stesus; boat raffie, dredging cam result in release of
sdsesded Bacteria ivto overlying water, thus pesing a hasard
to lmman healih.

Sayler g% al. (197%) od Gexe g} 2. (1975) found lower
maber of indigator orgamisms in sediment tham in water
samples. The stations sampled for their study, were far off
from the nearest shove eventhough the depth (8-12 m) was
found t0 be the same, as in the yresent study.
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Deeper water vould reguive the actual suspension of
sedimnt material $0 osnse a conourrent imsresse ia the
mubar of organises in the water coluxs, whereas in ghallov
water, sediment~assosiated basterias eculd also de re-
mapnded by & deareass in salinily. The shallowness of
the area and ¥he lixited flashing sction, sand the Mexrness
of sevage and drainage cutlets prebdably tuild wp wore
mtrisnts, alloving wore favoursble conditions for eolifors
persistence in sediments than in surfase water along ceastal
aves, The avea of present study is s very shallow ome, the
mezimm dopth range being 10 - 12 wmtves.

Seasonial ceonryence of indisator organiscs and fescal
index in wvaler end sediments at the six sites is showm in
the Figs. 23 a=f. Tolal coliforms had maximm oount in
pestuonsecn seasont, Fwist gi al. (197%) found that
eoliforn survivals in estuarine water was strongly influemeed
by Semperstiure, vith die-off ineressing rapidly with ele-
vated Seiperatures. In the present study, product moment
eorrelation coeffigient computed showed direet relationship
detwesn coliforms and temperatare. In enviromments, 1ass
stadbls than the eceans ¢r wvhere there are no other limiting
fastors, Semperature sot as wost important eeclegisal fastor.
Thus, eventhough amount of faesal colifoxws and total eoli~
forus were &ischarged along vith faseal vastes, auring the
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mnths of January, February, Mareh, faseal eslifore levels
WMMMO{MMMM
Ry bs & %0 ssologisal factors other than Sewperature.

In Stationy IT (In mgust 197% wd Jewaxy 197%), XV
and ¥V Siasiwicooasl showed positive oorrelstion vith E.gnld
whieh indicated that the seures of pellution in hese
slations ves from huma wastes.

M fowerse correlation feund between fassal givepiostast
and ghesghete was rather umisusl, as obe woild axpeet
Exaniospasi to prefeor Jhosphate as one amoeg grovih fastors.
Alse, an inwerss correlation was seen detwesn muvival of
fesesl givaviaasosl and salinily of sediment ot Station I ad
% lavel. The cheerved inmaveass in the musber of organisms
ey be &us partly 0 dssorpiion of bDasteria after a Meavy
ruinfall. Actusl suspeneion of sediment material must hawve
Sakien plass due 40 wurretis and rainfall $0 case a ooD-
current ineresse in the mumber of 'feseal streps' in sediment.

Although basterial stendards for judging the poteniial
boalth hasards have never Desn unequivosably agreed upon,
besatine of the need fOr epideniologisnl studies arbitreyy
basterial standards have deen utilised in the United States.
The National Techmical Advisory CommitSes o waler uallily
eriteria has recommnded a limit of 1,000 total celiforms
per 100 ml and 200 faecal ovliforms per 10 ml of waler.
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In Dadia, Indian Standards Institution has reeosmnded
the tolaranoe limits for becterial pollatants in surf
sones sthject to offinent diseharge 2,500 tetal eocliform
per 100 wl for bathing, reoreatiom, shellfish culture
snd salt manifestre (Teble J2). ZThis value was exeeeded
in almost all the statkions 1in all the munths 4in sea vater
and especially in sedimentis. In sea water in Station I,
the tetal ecliforws were below 2,500 in the wonth of July
et Septesber. In Station II Guring July, Maguss, %4
Septesber lovest counts were resorded. During April,
Moy and Septeuber the ecunts exseseded the tolersmes linit
in Statiom IIX. In April, May and Novesber 197, lowest
eounis were snsountered at Statiom IV wvhich wves found
doninsted by fresh wuter conditicns. Station vV, vs found
et pollnted by animal vastes having higher counta in all
She months and Ststion VI vas egially poliuted as per the
eolifors counts except in the momth of May 197,

Tohal goliform counts ramged from 42 x 105/ul in
S%ation II in the month of Ostcher 1975 %0 k8 x 105/ml 1n
the wonth of June 1976 in sea water (Fig. 31). In sediment
the ecunis remged from & x 10°/al in Station II during



7ig. 3%. Showing Total coliforms (¥s. x 10°) in water and
sediment in tho area of study Garing 197576,
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July 1976, The highest count was yooorded ia the mewth
of Juns 1976, in sea water and the lowest was seen in
sedinent. The shundancs of total eoliforms in surfase
valer Bay be dus $0 reesnt faseal pollution from sevege
a8 vell as pollution fyom soll or plant ovigin,

Ssshaxiahia sadd’

B- g8l rged from 18/ml 1in Ststiom II in the monbh
of June and in SSatien III in the mawth of Jamaxy 1976 %0
168/8) 1n the month of June at Station I nesr the sevege
wutles (Fige 32). In sediment the counts ranged fom
63/n1 in Station II im the manth of Septssder %o 188/} in
mzuhmummuwvm.

The carrelation amalysis of . sl ed Heterotrephis
bastarial counts showed that the sedimmis at Station I 1in
all the months harboured highest R. gl o8 well as hetero-
trephic sounts (Fig. 33). In Station II, k. gpll vas
resovded high in sea water (250/ul), when heterciroghis
eounts were recordsd very low (75 x 105/al) wbieh denotes
fresh faseal poliution due 0 dredging avtivities or fren
ship's tallet neay Coshin harbour axes. . gkl o8 well
as betarotrophie sounis were yevonNed very low In sedimeits
st Statioms II and III.



7ig. 3. Showing fascal coliforms (Basharishis poll)
(No./ml) 1n vwater and sediment in the avea of

stady during 1975-76.
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rige. 33. Showing eorrelstion emslysis of heterotrorhio
basteria sgainst Eaghaxishia oall 4o vater and
osdinment duving 1979-78.
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Nearly Wb pure straing of J. ga)) froe ses water end
ssdiments isclated were classified desed on the scheus inbo
Be 9008 Wwpe I (Table 35)s ALl these strains were subjected
%o serclogioal groupings snd antidbiogram Yyping and seven
'0¢ parotypes has been encountersd, Soms 230 straine were
considered o8 enkeropathic B. goll and details ave given in
Pazt B, Sechion III.

KSTaatesosrys Sasaalis:

In sea vater the 'Caagal alxens’ ranged frem %/l tn
Station II dmving April 1976 %o 122/ml in Febsuary 1976
in Station I (rig. 3v). In sediment the highest ocunt
ves eneountered in June (72/ul) in Station I, near the
sevage amtlet and lowest eount wvas cbiained in Stattion II
during Mareh and April 1976.  Altegether, 43 yure straine
of SATARIOEORMNE, isclated in e selsstive media (XF egar)
vere Sested based an the adbete (Fig. 35) o8 defined in
standard methods for the sxamination of water. 7% of the
strains (36 mos.) turwed te be Sirspiscoscus Lassalis v
grouing in byuin-heart infusion hyeth withis 2 deys as W%
@d 10°C, Deing estolase magative, shown grovih in MK
ble broth). 4Also, thess 36 AixaPipsosqis straine showed
srovth st 6.5 Sodum chlerids. Stareh wes B4 lydrolysed,
peptonisatiion of litmas milk wvas negative. A powitive
1itmas milk pephonisstion and negative stared hydrelysis



rig. 3o Boving distridution of Siranissossus Laegalis
(No./ml) in water and sodiment in tho ayves of

study ouring 1973-76.



STREPTOCOCCUS FAECALIS

150

120

90

50

30

150

120

90

60

30

150

120

90

69

o——o Seawater/ ml
- — - Sediment / gm

Station I

o——o Seawater/mi
r=—=-Sediment/gm

Station I

o———o Seawater / ml
————— Sediment/ gm

Station I

/{::\ - = N ,
N s ~
N/
- : { i l 1 1 J 1 I 1 J
J A S 0 N D J F M A M J

MONTHS
1975 —1976



Pig. 35. Schamstic outline for idmiifisation of
fascal streptocvosi.
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%as soem 4n feur strains vhish turned o be Sirentoscosus
£a082)38 352 Jiafaadsras The cosurremee of SAIaRACERAMIS
L0080l Y2z Mialakisnd in varions snwirenmental seurees
is given in Pig. 36, In all the other 8 straing, grewth
vas seen only ot 5% in draincheart infusion bredh, hydvo-
1ysed starch and fermented lastoss withoud gas productien
vbioh eonfirmed their idemtifiention ss Jirepioccacus hevis
shoving their erigin fyom Livestock fassal wastes. Shreyio-
200088 SaiilNg ves coupletely sheent in the present study
which indieated mesgre faseal pollution from ponltry sourees
during the tine of sempling period, The perceutage oceowr-
renee of SEXanioecoms LS wd SLrepionoesiis RMiDuA. the
faseal streplocoecus populsiion in wvarm-blooded snimal fasces
is given in Pig, 37, Osldreigh and Kemmer (1969) found that
the drtection of thess two speeies, 4. Mayia et 8- aguima
in wvater indisnted very resent faym saimal vaste eontamination,
viiich wae found meagre in the present imvestigation,

M adventsge of Slalxicanast s indigators of potential
Rasards in en ewiromment is thad thay ave more resistant o
ehlorinefion ¥han goliforus and thus thelr presence er abeenes
19 u measars of the efficiangy or ehlorins$ion procedare
(Rebineon, Mrod and Ellio8t, 19%7). RBvans (1977) 42 a
retent yeviow of the use of cosgulasc positive Shanhricoesed



Fig. 36. Ossurremoe of 4. £asgalis ver. Mmifasisns in
varions environmental scurees.
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rig. 37. Neremntage of §. hayis snd §. sguinyus of fescal
streptoccecus popilation im wvarm-hlooded
animal faetee.
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o8 indioators of potewiial health hassrds in waber, noted
the lack of information on the effectiivensss of mpdia and
‘wethods for the selestive emmeration of Shaabwlcssesi.
(Difes) media and find 5§ sstisfactery for emumsrating
£3a10009088 ITSNG. from hydrothorayy pools by the
sebrane filterehion progedure. In the present study,
fsclation of SSartiviocoocul MIRSNA bY peur-plating presedure
using Chapmen's Ager vas found safisfootorye Celony
verifisstion vith eoagulase test showed thet all the suspected
evloniss in the nelective media vere §. aprsna by giving
soagnlase~positive reastion. Giamhwrigepcel were mejor
basterial contexingnts in all $he aquatis ewirommnts with
body contact waters. ZThis is especially true that Shazhy-
A8088si are major heacterial contaminents of swimming pecl
and resyeational vaters, that maay of these finrhvicooasi
are the pathogen f. aFes end $hat the enteric indigators
do »o% provide an index of Wheiy hesard.

the eounts of Shasbylocoest in Sea vater renged from
2/ul tn Decssber 1979 %0 32/ml in July 197%. No Shazhrise
20esd vas found in moat of the sonths af Stattons II sd IXX
(rig. 38). In sedimenih, the acunds ranged fyom 2/ml in
Station Il during Jumxsy 1978, to Ww/rl in Stakien I Saring
July 1975. Cessuiase Rogihiya Siaphrioonosia is similer
%o the inmdlsators DAmMONGEAL AADMEIRIOAA o4 Caidida



rig. 38. ahoving Shashylonossi (Wo./ml) 12 water snd sediment
in the aves of study during 197%5-76.
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Alkigapg i» that it is a knowe pethogem and 146 Pressnce
in wvaber is rerenily dizestly related to ma's astivities,

Esssal. Andexs

There is no universally acospied comvenient wethod
0 distingnish furiber as 0 whish of the sourees, haman
or smdmal 18 primarily responsidle for organis pollutien,
However, studies by Geldredsh (1962, 196) indicated that
preporticns of fassal colifesws %0 faeeal Zfrsvicoossi
(fusvel indox) cam Do used vith yeopor smtion, for soures
differentistion L.,6. yutire of less than 0.6 should suggest
thet ths polluitien is fyon eitimal wastes, vhile for lumen
wvastes 1% should be Mgher obout b, Using the shove eemei~
deratfons a8 guidelines the yatios of fasesl ooliforms were
sonputed and evaluated in waletion to the informtion on
poteniial sousess of polintion. The yemulte in the Fig.39
shows the radions of e of 3. gold and fascal Sirsain-
ainal fyom vater and sediment. The yatics of J. gald
to faseel Sfremicocnsl renged fyoR 1.0 in Statiem II in Ney
1976 S0 11,3 12 Nareh &8 Stakiom IXZ in sea wabex, In
sedimnt, the fescal index yeiiged fyom 2.1 in Septesber 1975
at Statiom II %0 12,1 during Nevesbey 1975 in Station IXX.

The use of FC-F8 ratice to aseertain wvhether pollution
of wvaters is Of humen oy animgl origin (Osldreich end XKenner,
1969 ) has besn gaesticned by NeVetters, and othars (19VW)



Fig. 39. Shwvwing faseal index of water and sedime st in
the ares of stwdy aaring 197%-7%.
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who pointed out, that the ratics depended upom differential
dio~-mny rates of fassal eoliforms and faseal streptocesed.
These workesrs doubted the reliability of the ratics parti-
oularly when applied to Dasteria from domssiie sewage. How-
evar, Foashem (1975) suggested that differential die-avay
rates may ingyeane the valius of JFO-¥S ratios in determining
the sourcs of pellugion,

T™he resulss of analysis of varianes test is given in
Tabls 36 a~¢, The main ebsarvations fyom the analysis of
(F <0.01) and botwesn momths (P < 0.0%) (Tadls 36 a),
Station I vas having signiffisantly higher count eompared to
other stations in beth sea water and dottom sedimsmts. Among
the first exder interrasiions; region sgainst month showed
significamss af % lavel indiesting that the cocurrence ef
osliforme differed in different memths in the two different
envircamment $.,0. vater and sedingst, There is significand
differenee alse in k. gal) eoumts betweesn stations (P < 0.01)
and botwesn regioms (P < 0,01) (Table 36 b). In Staticon I
signifieently higher eounts were ensountered im both sea
valer sd betton sedinents vhen coupared to other stations,
The 5. gald oown! vas signifieently higher in sediments them
in sea waber.

he ouunts of k. Lnanalis 4iffeved signifissntly betwesn
stations (P <~ 0,01) and betwesn yegioms (P < 0.0%) (Tuble 36e).



SARIE 38. Analysis of variense Tahle (1975-76).
36 o. Sadifogmms

Seuree o - -, 4
Total esliforms 2957 N
Betwesn Stations 1.0115 2 0.508 31.6aee
Betesn: Hegione 0.0013 1 0,003 0.08
Between Mmths 0. 5007 #t C.0h62 2.9
St%ation x Region 0,006 2 0.00%3 0.33
SS%akion x Momths 0.3321 " 0.01% O
Region x Mmihs 036t 11 0.0669 b 18
Error O35k ;! 0,00
36O, Easbaxishia aalss
sonyos a8 L 4 ] 4
Total . salk s5Nm N
Botwesn Dhations 1.6 2 0.8t  a3.0fee
Satwaen Reglone 1.,0030 1 1.,0030 284330
Between Mmths oMa00 11 o0.0382 1,08
Station x Regiem 0.3122 2 0.,1%2 bote
Staticn x Mmthe 0800 2 0.0373 1.05
Region x Mmide 0. Jogh " 0.0093 139

 Errer 0778 23  O.c3%h




Seuves s ™ r
Total fascal index 3.0 N
Betwesn Stations 0.0877 2 0.0h39 100
Bstween Ragions 0.0777 1 0.0788 29
Between Months 086 11 0,062 1499
a%etton x Ragion 0.0302 2 0.0191 0N
Staticn x Momths 15032 2 0.0038 2.0
Regicn x Monihs 0.973%5 “" 0.0 1.66
srroy 0.,6880 = 0,313
36.4. fisabriscosncd:
CoEe P ae - y
Total Staadylescest: 11,5006 ¥t
Betuesn Staticms 29306 2 1965 13.0000
Detueen Reglons 02 ¢ 002 0.8
Between lmths 8.1”’ " 0.1980 2.22
Statton x Regien 0.2y 2 00 0.1
Statiom x Months 3908 2 0.0 1.9
Reglon 3 Mmihs .90 1% 0,000 0.99
Erroy 1.9650 b -4 0,009




36 ¢, Sapioosomus Lassalise

Sonres s af " 4
Total 4. Laasalis $87m2a N
Between Btations 145 2 0.8123 17,10
Betwesn Roglons 0.2696 1 0.367 5.43¢
Betwean Xomths 062t 1t 0.096% 1.19
Staticn x Reglon 0.2901 2 0.5 2.8
Station x Maths t.20§ 23 0,05 1.23
Beglon x Mmths 07777 11 0.0%7 109
Rrrex .00 28 O.M%

AP
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Station I showed significently higher eounts vhem eouperved
S0 other stations doth in sea wvaler snd sediments. Among
the two regions, sedinenis shewed signifieantly higher
oounts then sea water. JNome of the first ordsr of inter-
sctions vere signifisamt at ¥ level.

§o sigatifisent 4iffevence has been found in the faseal
index between stabions, regions end momths (2able 36 8).

™he exmits of ftashriencosd showed significant
A1ffevense Detween stetions (P < 0,01) st 15 level (Teble
36 4). Station I wes hawing signifieenily higher ecunt of
Siaskxlonecel than the other two stations. There was mo
significant diffesenes in the counts betwesn regions and
asmihs. Nomg of the first oxder interastiions vere signi-
fismt a8 K 1eweld.
batweeh bacterial eoumtes aid other Rysico-chenisal peraieters
of the vater saiples I8 sea valer and sediment ab the thyes
selested sites (Fig. 3) end the resulis are given in Tabdles
23 w 26,

In SSation I, Shrapiosccaus Lassalis ves signifisantly
(P < 0,05) megatively ecorrelated vith fascal indax (Table 23)
vhereas in Station II, signifisand (P < 0.05) positive corre-
lation vas sewn vith Rasharishia sall (Teble 2%). In Statiom
IXI B. gald shoved positive carrelation wish totel hetero-
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trophs (Teble 25). Geldveish (1963) found culy speradis
coliform isolation during sumoey and sntumm end high emmts
unially ocourred only when sedimnt counts were high over,
1500,000 per gran. TFasetal index showed significant (P < 0.0
positive sorrelation with organic nitrogen. The importsmce
of organic content of water as & factor vhish affects the
survival of eoclifors bacteria in the Klack Sea was stresesd
by Krassilaikow (1938), dut 1% has never been demomefrated
by Musbenn and Gurver (1955) that fascal oslifoyms are
sepuble of wiilising mtvients present in estuarine water
or sedimenl. I8 43 wwidend fyom ths presenrt data that
ocoliferus wiilise mArients especially cxgenio nitrogen in
the estusrine vater for thsir survival,

I sediments, evgmnde nitzogen showed signifisamd
negative (P < 0.01) carrelations with Shrepfecpecns Lassalis
s 1% Jovel and vith Shaabirlioscmncd o8 K level in Ststion I.
Fasoal Sndex showed sigmifiemmt (P < 0.05) positive ecrre-
lation vith organie sarbon at % level and signifizant
(P < 0.01) negative correlation wus seen at 0.1 lewel with
Sirandsececns Saasalis (Ssbie 26), In Station II coliforms
vore significamtly (P < 0.05), negadively corselated vith
phesghate ab % lavel. J. gall showed significent megative
osrrelaiion with organis earbom a8 tf level and positive
correlation st K level vith ecliforws. {iaskxicspssi
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vas sigaifissntly (P < 0.0%) negatively eorzelsted vith
ab % Jewel vith 4. Lassalin (Tadle 27).

In Stasion IIX, K. Oall showed signifissnt negstive
oteelations vith stlisste and $9%al Meterotrephes (Table 28).
This my e G® $0 ensessive growéh of gwmerel heterotrophic
basterial pogulation that ovearred during the tioe of sampling
wkich will affect the 4istridution of faseal coliforss &b
logaritimis period of heteyolrophic growth. Foeoal index
showed signifisent negative correlation vith . Zapsalis
et 1% lavel whish indivestly indicated the souree of pollugion
at Btation III was mainly dne %0 humen fassal mntier. Shadby-
dasaasl showed significsnt positive eorrelation with salintly
(P < 0.09) at & level, vith desyeasing salinily there was
sqaeresponding insresse in the value of Siasisricscons beth
AR vater o sedimgdt samples. The cbserved ineyesse my
be dne %0 dilution of gsa vater Ly rainfull and also my de
dus o fyeah vater run-0ff daring the yainy sesson, whieh
way brisg aditional gmtiviospocd into the system. Rodineen
ead Mood (1968), Pulngmist end Tankow (1973), Bogeni and
dontsnare (1976 ) have mipported the use of stapliylcecocs
and wore apecifisally §. S o8 n indioator of body
pollndtion $n eviming pool haserds. Another sdvaniage of
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stapiyloscect a8 Andisatews of petential hassrds in sviwsing
pool or sy other aguatic cowivenmend is that thay ave mere
resistaxt %o chlorination then esliferse. Ivams (1977)
u-mmupm«mmunm
locesel as indisaters of peteniiel health hasavds in vaber,
noted the lack of iaformaticm o the effectivensses of wedia
abd wethods for the ssleetive emumyation of staghylococed.
In the present study Chapuun ‘s Agar was found suitedls s a
solective media for fsclation of Siashwissootus syssss The
Ss0)ated oultures were esafivmed by esogulase test as

B. mixems osntuine bosterial enayws espebls of esegulating
citrated or axalated ylasen,

The signifisanec of k. sald and other coliforms,
fancal strephocoscd and staphyloosoci in tho ssa 1s ommtiagent
upan two Lnportant considerstiions., JFiret, how low do indi-
sstar Dastaria of faseal origin gurvive in the sea amd
‘secondly, do the fish act ns earriers of $hese Decteria in
thadr body or in $he intostinal trach?

In the present lavestigations all the four begterial
indioators were recscrdsd Lwariedly iu all the saples
iavestigated vhieh showed that these indieetors are cepebls
of suavival for long pericds in sea watezr. In sddition
darge mubers of indestinal bacstaria ave introdiced dally
An the beskwvater system through sovage and lond drainege.
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The fapertanse of sn underetanding of the fasters favelved
in the destrustion of enleris uisro-euganises in sea vader
has besn eughasised in yeosnt yusrs (Mitchell and Newris,
1969). Bt the high esunts wncountered during the present
sty my be the yesuls of my ome or Ry ocabination of
various intex-related Jhyaios-¢henisal snd btiological
fantore dneluding the adserpiion and sedimentation of
bacderia. If the wade of adacrption snd sedimntation 18
low and, if there is pancify of toxic mubitanoces or bacterie~
phages and 3£ thare i3 abhvndant mutyients and less sunliight
Siat vill not affect or rediss the solifurm or intesiinal
population. From the more reosnt imvestigations it sgypears
that faotors wiicah show thermal icsdedility arc the moed
IMkely causes of this bacterial dle-off (Roper & Muyshall,
1978). Touperalure variations in the present study is not
00 sharp to affeat the indisaters ap it ramged culy Leten
25.0% and 30.1% and only during momscom time lovest
totperature was rocorded.

Moshell gf ale (1967), Ensinger snd Ceopar (1976),
Repar and Harshall (1977) bave eughasised the ingyusse in
B 861 dle~off rates by predator organisws. Tho rols of
20 indigsnous stqroddal yopulation in the desline of R gaall
fin mying ond estuarine waber vas imvestigated Ly MuGwbridge
and Mo Meekin (1979)e The result of their studics showed
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that the survival of }. gald ves mxinly dependent on the
presenas of protoscan predatoss and not on ths presenes
of predasious basteria. The reasval of indigencus
protescs by filtration or the use of sntibioties resuilted
in a redaesd destrustion of 2w }. gall popmlation in
heir experingntt. Increasing the protoscan ecnommtrs~
tion cemsed sn increased reduotion in §. gali masbers.
A1l these results indisatedihat the predatery protoscn
erganisus are very limited mp be in $heir distridution
in the dackwater.

Varren end Ream (1938) estimated thes encugh eoliform
bastaria are dissharged by sswvage offlments along the vead
ooast of the United States each day %0 give over a hundred
for evesy 1litye of water in the North Pagifie Osean, if
ovenly distriduted. Comparadle sanitery oonditions were
found by Weston (1938) on the cast soast of United SSates
alsc. However, such organisus aye found enly in the tide
veter, harbours, ad bays, vhish are often badly pollnted.
California State Duvem of Sanitary Engineering Commission
(1%%3) found that only in selids or gresses, ocoliform
basteria vere found $0 survive for long periods of Sime in
the sea. Duttisnx (1953) and Rittemberg g a). (1999)
also reveslad the high esnoentration of eolifors basteria
around thres marine sevage outfalls in Califernia. Enderis
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mrine eaviromenis were reported by Ruttianx end leuys
(198) et Messletti (1962 ), but Beard and Meadoworofh
(1935) are of view that a fev indigetor dasteria survive
songuket longer than some edieric pathogmie dasteria.

Nay studies have now showt thet eoliform Basteria
are capeble of reproduction in enriehed waters and thiue
by this efter growth falsely indicste an edevated health
hasard. (Ellassen, 1967; Benvieks, 19723 Dutka, 1973).
But fassal streptocoesi sumnet reprodues in the sea, e
reason vy ‘Lassel SAEEe’ end ‘Sasaal.ABMSX’ have been
considered in the present stady. The desive for sm indi~
oxtor system whiish uneguivesally demotes the presancs of
fasesl material and the existense of a pebential health
hasard has stimilated recent research alemg twe lines,
becterinlogisal snd bioshemisal, Unlike hiologieal indie
exbors, biothanicasl indigators 1ike the fascal stexold,
eoprostancl 4o not aprear to be affected by chenteal 4ise
infestants Or taxic vaste disthavge. Furthermore e
Fresengs of coprostemal, in water oould iniisate the exti-
stenos of funeal polintion in sitmations vhere an Andustrial
vasts predisposed the use of comventional bagterial indi~
ostors. Mal, several prablems have been Noted eodosrning
the use of ceprostancl as an dbeclube indisator of fascal
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pollntion, Ome of these, is laderious prosedure regilred
40 procsss ench sawple (Dutka, Chen, Coburm, 197%). Under
4803l oconditicgs caly 10 - 12 semples Per day oan be Proe
oessed. inckher prchlem is the lask of Mnowledge con~
osrning the relsticnship between pathogms (basteria -
Virus), indleators and coprostensl. Dutka snd Bl Shoered
(1973) have slrveady noted that there sppears to be no oon-
sistent relationshi) botween foetnl sterals and indicator
bagcteria. The finding eof fascal sberol Liwarishly indi~
cates partiole dound faseal material, snd pathogene (bacteria
snd virsl) assoetiated vith polluted water. 8o, mmly 1if,
use of basterial indiestors infessible, the presencs of
potantially dengerous fasesl msferial eould still be dstected
by blo-thesilocl meuns.

The nedural mieredisl floys found in sea water are Mot
freo0 svimeys Wt are usually foumd 4in sssocistion with
plarhton, fighes mid prawms. The floys Dearshore and sb
Barbeur mouthe conlaln varyiag proportion of terrestyial
or sswvage basteria. Bashatersalso eonfain varying pro-
portion of freshwater basteria as well as dacteria of marine
origin. Fish harbours basteria minly at three sites,
(1) the surface slime (10> so 19%/g), (2) the gtils (10° %o
18/8), 3) guts (10% w0 10%/5), eapestally 1n & fash. The
msele o flesh or ether internal organs like liver, heart
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ote. of s healtly fish ave sterile. As lomg a8 the fish
1s alive, the astivity of these Dasteria is under check
and thay cumwt aat on fish misele., But enoe fish is dned,
thess dasteria start sitasking the flesh, Wheredy hastening
the yhencmemon of nierdhbial spollage. 1o the ease of
prams, the dasterial 1oed is higher than fish and ars sup~
oaptidls to Dasterial spoilage much faster than fishes. The
pathogenis dasteria which are likely %0 contaminate the
fish ave coliforms, k. g0ll, faesal streptosceci, faloomnallas
Sdaakiosonal, Slastixidia ete. ALl these growge of basteria
are of lnnen origin exoept peshaps the Closiridia whese
satural habiftet is seil. Apurt fyom indisators, the pre-
sence of single eell of Balacialla Wekes the fish unfit
for hamen consumption., These erganisus generally 4o not
grow ot 0°C bus sbove sueh Sewpezature they sre iksly %0
gzov in foods under favourshle conditions snd infection is
engured by consuning such ecntaminated food. Whils
Salachalls csises infective typboid fever, the case of
Slasiridla ond Shazhiyioecosl sre differemt. They produwse
powerful Soxin vhich is lethal $o hussn Deings. ZThe fasd
that fishes caught fyom peliuted sea vater muy be the
sarrier of infuetion was suggested Ly Stepben gd al. (1975)
afber an ocutbreak of gastyo-enteritis in children ouing
o the enteropathic R. gall, a8 these enteropathogmnio
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Be 22l) nd coliforms have a tendeney $0 aseumilate in
£k, shelifish, prums, evebs snd in sediamibs.

Rale of fish s eonveyers of miero-orgmisms in
aquatie envirerments was studied by Poler and Baer (1969).
The free sviming fishes and prawns noTually arry a Popu-
lation of commsigal Daoteria, the nature of which has dDeen
the mbjest of Lmwestigation Wy worksrs in the northera
Seuperate nous (Snew and Beard, 1939) Beay and Shewan,
19 Georgals, 19%8; Colwell and Idston, 1960). A lmow-
ledge of the oharateristies of these dacteria is very
iaportant in understanding the rols of these crganisse in
dringing shout spodlage in sea foods, Deing marine in
ovigin, the data on the nature and Aistridution of thess
sioro-opganisug in the ses ave of fundsmmial significames
o vorkers studying the osrrelation betwesn the flora om
the fish and of the fishing grounds. Colwell and Iistem
(1960) hawe established that a distingt coumensal dacherial
flora is assoeiated with Fesific Qrster (UxmasosiEes sisag)
and that heditat eondisions, $0 a limited sxtent affeet
the nataye of the niorefloya in the speciss.

Some sarlior work o $he east occest of India refers
to e quantitative and galitative nature of the basteria
in the ssa off Madvas and Mandapem ooasts (Velamkar, 19950,
1997). A desaription of the activitias of certain
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phrsislogieal greups of dasteria off Tutioerin coust had
besn presented bty Venkataraman snd Sreenivesan (1956).
The same mihers (19%) had eslleeted soms data om the
bastericlogy of offsdors waters of Caliont, dut no attewph
vas sade o oorrelshe Whe flops of fish with wisrdhbial
flevs of evivenment frem where 1% vao swight,. Mad
Earthicyes and Mehadeva Iyer (1975) collected data 4n
Coahin copst 0B the digtridution of heterotruphic bactesial
flozs of effshore waler and sedimsnt end also nigrofloys of
fyesh fish and prawnw amight Wherein, snd found 0O Geryes
lation Between the two, DBut positive ecorrelation eam be
oxpested nly detwess basterial indiecsbors and fish as Vhey
sre of wnimal origin ond definitely show sous affinity to
animal prodein, Wolfe (1972) establighed the importsnes
of shellfish from fuseally polluted watars in Srenesission
of imtestingl infeetion,

Total heterebrephs showed significant negative oorze~
dation vith tempersiure at 1% level st Statien II in surfase
vatar. Biswas (1972) also found ia Velte Lake, that the
bagterial populations were unaffested bty chongss in Senpe-
rature but there vas evidenes of en Liwerse yelationshiy
only with transparenay in the srfacs lgyers. It v
reported by Gecrge wnd Gaady (1973) end Guthris gi al
(197) that bastesial populations are gemerally sensitive to
tesperature chenges culy in low mufyient coveentration of
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ses vater. Kiein and Wa (197%) also feund that starvation
for mutrignts could inorssse tw susaptidility of hetero-
trophilec basteria %0 slight tempersture chatges. Further-
nore, as Klgin and Wai's esnglusions were drsws from experie
wents with resting eells the type of stress exsrted is mot
readily cowparsbls with that isposed on starved dut growing
cells, They also stated that a deeline of coliforwe ot
high tesperature vas prevented by additicnal mutrients.
This finding alse correeponds to thowe of Verstreete g al.'s
(1979) dbaervation that fascal Desteria are favoured st high
temparatures and mtrient levels, INegative correlation
between hetarctrozhis bacteria wnd Sesperature may be & 0
poor airiend eoneentiration of ssa wvater at Statiom I1X.

M Caabridge and Ms Meskin (1979) reported that the
survival rate of J. g0ll ves redaeed during the sammer
wouths as compared $o wsarly spring. 7This reduction was
due 4o the ineyease in temperature of the water which resulted
in insressed ecologieal interactions (Verstraste and Vowts,
1976). Similer Tesults were noted in wo further sampling
sites in the Derwent estuary (Mo Cambyidge, 1977).

In the present study, yelisble data on the distribution
of indigsator organisns and pathogens in the estuayine environ-
uent was chiained only at Station I, This relisdility vas
@&ie to the losation of the Statiom I mear the sewage cutlet.
Bt 4in all the thres stations the fassal index was alvays
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sbove b, which showed that the somres of pelimtion 1s

uainly frem man wvastes. Studlies on She seurces of

bacteria in the esthuarine enviremment of Cochin by Oore
and Rgvemndran (1979) indiested that the basteria were
yredomingmtly of non-human origin.

The dbservation during 1975-76 also showed wmore eounts
in sediments than in sen water. Rruni gf al. (1972) verked
in vater and sedimng fyem lake Cransirri (Ifaly) and found
relatively high counts in sedinmts them in sea water. Also
high counts wers enceuntered Uy them in etastal waler than
in open sosen waters. Bowmi g al. (1972) alse found some
eorrelation betwesn indieaters and heterotrephic basteria.
s the present stady in Statien IIXI (Tedle 25) R. sall ves
signtficantly (P < 0.05) positively correlated wvith total
heterotyophic eounts in sea walter.

The ossuryence of several fold more indisator bacteria
in sedimemt samples in the estuarine envirciment as cowpared
to those in vater sanples is not surprising in view of &
previcus study in vhish Gezha snd Ms Ised (1970) showed thst
3§+ 28)) survived for a longer period in sediment than in sea
valer. Oceurvencs of a greater muber of nigro-arganiswe
of faseal origin in detton sedinents has also besn reported
prewviously (Yan Donsel and Geldredish, 197%; Bemdricks, 19713
Garsl gt ads» 1977)e The presenies of a greater musber of
enteric bactoria in sedinmemis may be due to several fasiors -
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(1) dle~efl may Do moye sb the surface vhere U.V. radiation
is wore. (2) Sediments mey be rish in organis mutyients.
() Bacteria afhering $0 particilats matter nay settle dowm,
bocmise of sedimetbation prosess. (b) Adsopption of bastori
to marine 2418 and other solids may ceaur.

T sedimente rish in pethogens my sselly Fesuspented
fmm.mmmc 84nee, s sipgnifiemt
proportion of both pathogenis and non-pathogenie basteria
o odher nievovargamisns 1s present in sedimevis (Gsdba
23 a)eo 1977) Gayal gi a)ey 1977), Shey way Jose & potemiiel
haslih problem on resuspension.s This problem 13 ecowpounded
W the cssurrense of drug resistanes in o large maaber of
iselates from sediment.

The presence of large mber of coliforms or faseal
oolifoyms in the absence of bDasterial pathogens 1is of no
ss haruless indiestors of wvater gualify. Nowever, this is
208 necessarily Srue 4if the Dasteria in question yossess
transforsbls drug resistanes. Ones, these organisus enter
the gastyo-intestinal trast of humane, thay my evloniss
slresdy colouised basteria or tramsfer their R-fastors to
the sensitive paibogens vith whioh Sheir host wey become
infected (Smith, 1969; Favrar gh aley 1972). E' bacteria
my suyvive longsr or o8 long as the antibiotie-sensitive
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basteria in esrtaln water eviramments (Swith gf al.y 197%).
Celiforms vith R«faators were showi: to0 inoresse in maim-
nmmrma.unusxmmzfm
tiomally purified sevage (Gredew g al., 1973, 197%). R*
faseal coliforws ave mot Kilfsdin sea vater mor do they
havo a dotechadly differemt suyvival rale in sevage oomte~
minetod sea water to drug-sensitive fmscal eolifeyms (Smith,
197¢). I a Ainibed loboretoxy study, Oayal gi ale» (1979)
found, B* bacteria %0 survive ss lomg as the sagidiotie
snsitive ones in sea walter comtaining sediment material.

I3 ean Do ecmoludad thet soastal and estunrine waters
contaxinated te the extent of those of the present study wmy
sexve a8 & Yeservelr of R' Dacteria (as evidenced by the
serological and entibietic yesistanoe work in Fard B, Seetion
IIX), vhich ngy find their wvay into hunan bedogs through
conpapbion of raw shellfish, prawns, fishes osught or
alfured in sewage covtemingied water.

sse@ave



saxCcION IXx.

ASBOCIISED WIXH GALIINIA HOISIZA
AUBIEY IN THE DNSHORR RN IRONMENT.



The vater ferm S2lrinis malasia Adlet locally knowa
a8 "Afyisen Puyal® is originally s native of Csntral and
South Ameriea (Mitebell, 1969). I} has radiated %o
different parts of the world and in reeent years has
suecessfully eolonised in Xarala vaters to the extent of
emrging a8 s serious aguatie veed yrebiem (Jaoem, 1971).
Ths weeds are SramsporSed into bagkwaters during the mom-
scon snd in the postaensccs wanths when the rivers yum low,
$i4a) vater sweeps large quantities of the weed upstrean,
butlding wp stagnant Dlankets over Laskvaters wvhers Ohey
undergo decsy owing 10 salimity and get deposited at the
bettom. Thus Cochin Baskwater systen ressives allodhthenus
erganic matter, primarily from the floating weed during
Wonsecn and postuonsoon periods. Matritional signifi-
emme of dstritus along with associated misvo-oygenisss in
estuarine eacaysten has been studied by various sstbore
(Odam, 1947; FPemehal, 1570). Although there were a fou
repords on the faune associabed with §alyinia malesta
(Copalan and Sreskumarsn Nalr, 1975) and micrchial decowpo-
sition of the flosling weed (Radbakrishman gf aley 1979)
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thare 1is 0 information om the sxwichaent of sysogenons
bastarial population in respotse %o the allechthonus orgmnie
matter in the sedinent eocsysten and 188 effect on the living
Tesouvoss of the inghore walers.

This sectimn presents resulls of the investigations on
the short term effects of weed deposits in the inshore areas
off Cochin during Jemuary 1978 %0 Ceteber 1978, Data inolu-
des hydrograghic preperties as well as symogsnous ssrcbis
heterotrophic bacteria isclated from deconposing weed in the
basinmbers. The strusture, hio-chemisal setivily and Jtyaio-
lagioal groupe of basteria wers also studied os this would
previde on understanding of the impast of the organis detritne
on wierchia) pepulaticns within the sea water ~ sediment
seosysten.

During 1978 Jumaxy to Osteber, from 12 stakioms indi-
eated in the Fig. M0 in & grid of four transects at the
respectiive depths of 10, 20 and 30 wetres water samples were
oollgoted from surfase and bottom and analysed for sslinily,
disselved oxygen and mutrients Wy standard sethods. Vater
and sediment saxples were sultebly diluted i plated on
20 Dell's mediwm 22167, Dnster'’s Agar, and Martin's rose
Betgal agey fory the emmeration of bacteria, sstinomyeetes
and fungl vespsstively. All the symogencus dasteria were
iselated in Wheir selective media in suitadls dilntions.



Fig. M0, Avea of study auring Jamiary - October 1978,
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Colonies wwere counted after the yespeative tnoubation
paried st RT, Counis for the sediments wvere wersged and
expressed in (e besis wnit weight of ovenedried md, I
total 45 pure straing vere isolated and stared oo steek
onlture sgar for further bioecheuion) and physiclogisal
yoastions. The gemerie classification of dacterial Ssolates
ummu-mmcmmu
Kegwgyoshi Atee (1942). umammwn
ativily of the hasteria ves muds by groving them on agurs
eurdehed vith b nityogenous soures. Chitkinolytie besteria
were isolated in wineral medium (Asvomsem, 1970), Ureclytie
poyalation in Chyistensen’s uves sgar (2%). Gelatinolytie
yopulation vas eumarated on Frangisr's sutrient gelatin
ager after flooding the plates vith 0.1% acidic mereuris
dlorids, Caseinolytic population was detected by e
sppearanee of clsar somes ayound the celonies in casein meat
agare JAmylolytic nisro-orgsnisus were eimerated oo starch
mad extract agar (3 g stared/litre ), after flooding the plates
vith Grenw 1odine solution, The lipolysis of Tween 80 was
deteruined by noting the presence of imsalable Ulede asid
Frocipifated around the coleny; 3 of the mud vas measured
vith ¢ : 2 md & valter ratio.

The miritionsl growping techniques of the predomisany
Dasteria were a Wodification of the wethod of loshhead snd
Chase (1943) with winoy modifisations. M5 basterial ocolouies
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from the grestest dllntion of sea vater snd mad samples
vere tramwferred $0 the slants after 5 duys ineubatiom.
Three day old imosila fyrom {he slants incbated at (R2)
were sugpended in 2.5 nl sterile saline end tramaferred
ssspiieally %o starile ecentrifuge Subes. Colls were har-
vested dy emmirifugation af 2000 ypu for § simutes and
resuspendsd 1in 2.5 ul sterils saline., One loupful of
vashed oells was imseulated into esch tube of broth of el
faereasing nutritdong) complexity ssries. 7The suino anid
niztuare was prepered using 4 g/lifre vitenin fyee casemino
etdds (DIFCO)., Tubes ware ineubated st (RT) in the dark
and were congidered peuitive if Wurdidity develsped from mn
originally «lear fube afbar 10 dwys inmdatden. Oyowth
in wnd extyast DroWh sesved as a oonizel for aultuve viahild

Coliform and fascal colifore dateruinetions vere made
Yy the moet probeble musber wethod (M) ssecrding to stand-
avd msthods for the examinatisn of water and waste water
(An, Water Werks Assoc. gf al.» 1976). lactose Lroth wes
dssoribed Ly Striekiend smd Parsoms (1968).

The mdsture omntent ranged £rom 10,0 %0 10,8 and
the I ranged from 7.23 %0 5.7%. VWithin thess ryanges A8
vas eooeinded that variations in popalations were not eamsed
by variations in sedimsnrd modshure or i,
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The ssourrencs of synigencus bdasterial pattern is
given in Fig. 41 slemg with Sedel bacterial pepulation,
The smthly total basterial eount per nl of ses waler varied
vithin a vary limited ryamge indisating the existenes of a
falirly sonstant level of population in s surfase waters
and in the detritus yieh sedimnts. The standing ovepy of
basterts viich are vespemsidle for degradation of Salyinia
st various &apthe 13 given in the Tabls 37, Fywogmous
rooordnd mere in sedimnt than in vater evom in 30 = depihs.
The total dusterial pepnlation yanged from 99,36 x 108 e
285,32 3 10°/gn An Whe sea vater @t in the sedinents frem
137.2 = 10° %0 232.6 x 105/81; 9 genern of bacheria deleng-
dng %0 six families Rix. Mbisserissess (29C); Pesudoncmadasess
(108); Vidwionaseas (29 ); Ricyccoecasese (¥); Besillasess
(M) snd Exteschacterisvens (2%i) end Conteminmnts (W)
vere fumd associsted wilh the weed deposits. Alaalisspnss
Eastidoaanas s YAhzip eceurred in ghundance in all the
three seasole. There ves n0 nmied pattesn of distridmtion
animg the nisrofiors, but all the symogencus mievoflers
sahibited the maxime in the pestacmscsn period. The
fintarelstiionshdp of diffevent micrcdial flora is given in
Tabls 30. Prom the present Lxwestigation it 1s evident
et marine niorcbes play & significant rols in bicdegradation



yig. M. Preteciytie, Amylolytis, lipolytic and chitimelytic
astivity of heterotrephie bascteria isolated during 1978.
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of vater weels 11k Salvinia. Stvaing isclated fyom ses
water has gob eial potamey 1n the bisshemical schivily
Whett eompared %0 the hasterisl stveins iselshed from the
sedimnt. Pungl end actincuyostes wers feund 4o be enly
sesondary disintegredors of orgenie madter in the murine
The moryhelogies), mysiclogisal md blochenieal

sotivitios of the 45 basteriel strains isclabed Saring the
stady aoe given in Table 39. The tabls inecyporates the
details of ¥he 20 bisehemical tests made on ho strains end
peresniage incidsnes of amino asid requiring Dacterta. AL
1s0latos vere visble sines thay all grev vhan tvansferved to
mad exdraot droth, Almoet all of the isolates were sspere-
gonous gran negative rods. WE of the fsolates liguified
pelatin, tydrolysed starch end fervented dextavss. 60F of
the isclates redwosd nitrates and utilised casemino aoide
a8 Sheir nifrogenocus sOUIee.

The semilis of statistisal data axe given in Zadles
N0 90 b9, The eoeffisients of correlation Motusen the Sotal
ovand and sath basterial fiora vith the hydralogical pura-
seters ile salimiiy, teowperainre, Saygen snd mtrients wore



ZABIR 39. and W
fron tho“m of
Coshin frem Jumiary Yo June .
Characteristies Frequenay of escurrence
&

@8R pessttve 2.20

Negative 97.70
Mokl 66,60
PMignented 28.66
O/F mdia S
Oxtdative 11.4¢
Formantetive 2o
Alkaline 2.2
Gelatin hydrelysers h2.22
Stareh YWdrelysers DA
Nitrote rodeers 60.00
Bgf yrodusers 6.66
Oxideme 7.7
Catalase 93.33
Urease .77
Citrabe rednesrys 7333
Ddole produsere 20.00
KR, 19.95
v.r %0.00
ueose h2.22
lastose A0
Mot b0l 40,00
Monteillin Fesistanes %esd 57.70
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salenlated for the momths of Jumary, Februanry ad Mareh
for senplas of sea walter and sedinmis ediained from wo
sels of stations loested seuth snd noxrth of Coshin barmeuth.

Daring Jumisry in sea valer exoept for ¥he significant
pesitive carrelation Detween ureclytis snd aylolytie
basteria vith temparature, sommhat high otrrelation ves cdeerv
botwesn Gelatinelytic bacteria with nitrates. Total counts
vith eaygen in north statiens. Signifisant negative eerre-
lation was obasyved betwest easeinelytis basteria with phoe-
shate (Table 40),

In sonth stations signifisant positive ecerelation wes
found enly in the case of éhitimolytic basteria vith salinity
sd all other purametiers vere found %o be BoR-signifiomt
(Zable M), The sediment semples collected from statioms
in he north showed (Tuble b9) signifisent positive corve-
dation of Sobal coumts and Gslatinolytic basteria with
phosphates. Signifisant negative correlation wes chserved
betwesn Ureclytic Dasteria with salinify. Sasples collected
from stations loexted in the south showed significant posi~
tive esrrelaticns Detuwsen tohal oount with Seaperature,
oxypens snd nitrites, chitinelytis basteria wvith salindiy,
urenlytic dasteria with tesperature and nitrite and esseine-
lytie bacteria vith yhosphate (Tadls W),



- 5201

Yolankar (1955) reperted the sheenee of say relation-
iy betwesn tesperature and dasterial pogunlation. @
chesrved detwemn basterial csumt with tenperature, 1iipalyhio,
sylolytic and ureclytic basteria with salinity, jhosphates
and xitrite respectively.

of Codhin showed signifismmt pesitive eorrelation (Tabls M)
tvemt ditinolyiis basteria and dSemperature and total
oomnts shoved signifisst pesitibe etrrelation with saliniyy
(ab %K Jevel)., Significent negative correlation at X level
In the south stations samples (bedal couwnt, and smylolytis
basteria) shoved signifficent positive cerrelations o %
level with mitrates. The yelationshiy betuesn gelatinolytie
basteria vith oxygen vas Begative and signifieent (Teble 48).
Al these yesults show that 42w tempesrsture and salinity wes
favoureble for ¥he growih of chitinolytio bacteris snd Sotal
basterial population in $he sea water. The level of signi~
fisamos varied betwmen 0.1 %0 ¥,

The sedimsnt saplas fyem north Quring Febytary showed
sfylolytie bacheria vith Sewperatuare, vhewess lipolytie
aiarebes showed pesitive etrrelation with nitrates (Tedls b3 ).
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The sedimat flora of senthern region shoved signifisasnt
posiiive correlation detwesn Sedal eound wnd oaggen. Sfigni-
fism8 negative correlstiion vas found Detwest saseinolytis
bastaria vith shomghates (Tahle M),

Duving Mareh, seaples coliseted frem statiens in the
aorth ghowed no significent csrvelstions detwesn hydralogisel
Perumsiors and the Six wpusgenous batterial flars 10 ses
waker and in sedisent seaples (Tsbles bb & 4¥). Browm
(196) alec found ne corvelation detweed desterial comte
vith Seuperatuye and Jyteplankten in the waters off Ay,
otrrelation vith all the straine isolated in the presexd
stady. Oandervesn g als (1972) alse sypiwt the cerreistion
Dotween the eonsamtrations of mirismis snd besteria.

In the present findings the soefficimng of eOrrelation
of basteria vith ehenical pavsmeters ille nitrats, nitrite
sd phospbate sre rether kigh than with physicel pearassters
- Lapartent rale in the distrfamtion of besteria.

2o tast Whet2er the tobal basteria in marth and saxth
stations differ signifissnly in sea waler snd sodinmmt date
'3 Sost vas enplaged. It was cdeerved that the morth end
soxth atedisns d0 Dot &iffey significamtily as far as telal
ommt 1s conserned (fer esa veber saples ¢ = £.07%, degrees
of frecdom = 20 for sedimant saaples ¢ = 1H6 with degrens
of fyeolem = 20).
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The sedimmt/water raiio was eomstructed to congare
the commmity strusture of jJhysioclegicsl prespe of miove-
veod deposite. The distridution paltern of the six
synogenctis dasteria in 10, 20 and 30 m dspth daring tie
sampling peried fres Jumery %o Jwpe is given in the Figha.

During Jumeary the sediment ; vaber radie (8/N) of
proteclytie dacteria ware at 20 u depth vharess 8/W ratio
of sylolytic bacteria vere enovuntered less. SA ratkls
of 1lipalytic bacteris were enesmuniersd only in moderade
mmbers in 20 u depi.  The 8/W yatie of the 6 wywegmnous
Sasteria were gemerally less ot 30 u vhen coupured o their
8/¥ ratino st 10 m and 20 n dopth range in Jamiayy. In
Seolytic nicrcbes were emecuntared more at 20 m depth,
Anylolytic asdivity was wore at 10 u modsrate at 20 B amd
ess ab 30 m. Gelatinolytie astivity vas wore sd 30w
and lass at 20 n and moderale &t 10 u. SN ratio of
sasednolytis bacteria vas mepe sl 20 u and less at 30 .

In Neeh 8/ yatie of lipodytic and casein degrading
hasteria were shocundered in the same yattern as in e
provious months, There is a sicilarify in 4w 8/V ratie
of ehitinolytic and ureclytio bacderia in all the ehser-
vations, The SAI yatio of sylolytic and geletinolytie
basteria were shundent in the yeverse order.



m.“. WW““M‘W;
gelatinolytie, caseinolytis, Aylolytic and
14polytic oygmmisns $sclated daring 197%-79.
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I Jane ¥he 8/V raiie of easeinelytis aiavebes vers
shonmtered mage at 20 n and less at 30 n transect ad
maderate st 10 m. The SA ratie of aylolytis desteria
wre nore o 0 aend 4n WO W,  AS 20 u they vere only in
soderate mumbere. Fron the stadies of orgmnis produetion
and ihe food ehain of Ceetiin Desinraters 1t 18 dmowm ¥dat
& major portioe of epergy is svallable in the foya of detritus
(Qaatm, 1970). The dstritus conatitutes oo sMitional pathe
wy Yotweer ervgaio profuction end smimal mtyition tmcyes-
™ other. The produstiion of falninia ®tritus is sessemal
in Wiat the fresh weeds come inte the estmarine system in
sompoohR Months underge deetnposition lewwving detritus whiesh
sotumilates in the bojtom,. IS is cbeerved that he southern
stations vere sesn dstmely sovered vith decsped weed masses
indicating the effect of sontiwerd water currenis. Feoshel
(1970) hes stated that the slouly éscouposing plast bdody
way ensble the suocuysien $0 comtimue funciioning even vhen
the prinusy Jrodasers ave Sewporarily remsved. In the
present ifavestigation 1% vas @heszved that the floating
weed Salrinia vas eontimualy attasked by the gymogencus
bastezia in sedimats whieh may preve bemeficial especially
in the shesnse of e\ber primayy produseys.

Fvom the oversll pisture chiained dy the cbeervations,
e fiahing ground off Cethin in the Gopi yage of 10 S0 0O »
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appeared 4o be wmire Qnenis and prodacidve vhen eoupayed
%0 othar trunsests iwvestigated in the inshore yegiom.

e indisator Dacleria chserved using XN msthods
daving this stady in sedinents snd in everlying waler awm
given in Tables Y0 and Ji. Sea wabide fyom southern ares
%o the Cedhin harbour combained M370 te 15,006/900 md of
tetal esliforen (Tdle P0). Northern statious to the
Ceshsin Daybour venged from MO70 40 12,000 total eolifores
10 sea wabey and 2,90,000 S0 30,00,000/100 wl in sedimate.
Bo5ll yanged frem 360 So 18,000/100 m) in sen vaber s
10,000 90 8,50,000/100 = in gsedimmrts (Tsble ¥¢). DThe
southarn stations yeotsdad a rempe of 160 e 20,000/100 mi
of B. 2014 11 sen waler and 50,000 %0 3,00,000/400 ul in
ssdimants., The pollution micrches were emcouniered mare
A8 somthern stations than in northern statiens of the Cochin
Sebour.

he dacterial standard for the tolevence liwite for
shellfish end somnereial fish eulduye hes besd givem by
i Standard Institutten (Tedls 52). The Natismal
Teshnical Adwisory Committas o water giality eriteria hes
also resommended g linit of 1000 Setal eclifosms per 100 w2
e 200 faseal eslifosws per 100 Wl for recvestional water
(Tabls %2n)e These values ware axoeeded dn S ous of 3
muthly ssaples tolen tring the asuree of the seapling
poviad in this study.

‘see@er’s
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PART B, EKEQCGOPRISIOLOGY



SRCTIORN X.

BIRCEEKICGAL DIFFEREREIATION OF
RACEERIA IBOLATED JROM NHUMAN IEINGS
A MARINE BACTERIA.
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PART B

ECO~-PHYSIOLOGY

This section dsals with the bdasterial flore isclated,
ddentified from Trivandrum beach water tSagether with a
ceparative stady of the dloshemisal propariiss of merine
dacteria vith stratng of bacteria isclated from elinisal
ayosinens .

Daalakion of maxioe straide :

™he bastarial flora of the 13 Desch samples from the
three beashes (Vishinjam, Xovalam and Shankamughon) vere
anglysed ascording o0 stenderd mihods. Twanty sevem
straing vere isclated from € wvater ssaples frem Shaniui-
wghon, 12 strains frem 5 vater sagples from the Kevalam
eoast and & Sselates fyom 2 water samples collected from
Vighinjam beach, The resul$ of bio-chemical Luvesti-
gekione indicated the axistenes of § gmera of marine
ficra sssording §0 the sohems of Shewan (1960), & genera
of wedinal becteria,(straine identified as per Cowen and
Stes) (197%) of 15 eath, vere selested, identified and
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proserved iin mutyient agar for further tests. Clindesl
straing were isclated from sputum, wyine, blcod of huwen
baings.

All isclations were sade 2y spreeding 0.1 ml of beash
valey on the surfase of s sultebly dried MaeComky Agar,
Kood Agar ant Matrient Agay. Temperatire s duratice
of inmbation vere 37 3¢ hrs respectively. Selscted
$s0lales vere oxamined for colomy marphology, gred stained
ad sd-cnliwred 1n peoptens waler. Stock esaliures werse
maintained at b oo senisolid mitrient agav. Cultures
SreuB 1n peptone broth for b 4 6 hours vers amemined dy
'Hanging dvap method' for mebility and shepe of the living
oells,

Shaxasiariastion af stxaias
Mariholesy

™he isclated oultures were regilarly eheckesd for esll
morphology and purily by exsminetion of Gram-stained swmears.
The selected b3 marine isolates and €0 alinisal isolates
were sxamined for eclohy merphology, gran-stained and swbde
owlured in paptens water. Stosk oulfures wers matndained



Strains were odeesved for profustion of pigwents.
Altegother 8 Pandomgnas spr. weve isolated from marine
snviroument out of vhieh 2 isclates prodused a gresn
soludle pigment whereas all the 15 cliniscse) RasidoRcnias
isolates were strong greess pignent profusers.

A wot fila prepared fyou b 40 6 hours eauliure were
exanined by ‘'Hanging drep wethed' for mobllily and shape of
ltving eells, Straine wers alse stad incculated into seuni-
solid (oALllly test medtum) which was then inmbated until
gytwth wvas viafhls. The medium comlained O.8% agur 4n
ordinary sea vater pepions weler for maring baclevis end
pepbene water for glinigal isoclghes.

Sxidase Senk?

A fromhly yrepared 1€ selution of Setramethylep-
phenylene-dianine dikydroshloride in distilled vater wes
pouved on Filter padper in a petri dish. Small amoun! of
wltire vas smeared on Yhe reagent pepey and a hlmm. eclouy
indisated exidese profuctiom.



Sadalase. tast:

mwmuMMunu?%ua
mmmmumumfu’h

fyon golonies of eatalase Jroducing orgenisme.

Sxtrsas. milnbide oxedisiions

A Strip of Jaad anelate peper was suspended during
inobation in the Deek of a gysteine breth tude inooulated
vith the eultures. Rlipskeuning of the yaper indissted
LS proGation,

Ehrate_redeshions
mmwummcm,mwm.
™he presense of nitrite iowe vas indisated by a deep yed

colowr vhan 0.5 ul of nitrsde sodution A and 0.5 al of nitrate
selution B (Crulaksharnk, 1968) were added to K8 hours oultures.

dale xrofuatisg
ndele vas datested Yy adding 0.5 ul of xylene %o the
Ugild supemale of 72 hours nutrient droth culbure and

after vigorous sheking a few dvope of Kowat's reagnt wvas
also adMed. A pnk oolowr indissted the presence of Indels.
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Neitive and negative samtrel stivains vere ineluded in
ooth dateh of Yeste.

Jaiiaase. Sagh

A dhavecal~gelatin disc wvas prepared in the lsbovetery
b a mdification of Khn's wethod (Kelm, 1953) ¢ 12.9 g
golatin (Difec) wes &lusolved in 100 ul of mukrient breth)
S g of finely powdezed charesal was added and e mixture
vas poured 100 matal petri dlshes and allowed to solidify
st Y. e chavooal-gelatin wes held 1a 105 forwalin
a8 roon Seupersture for 5 days and then out into dises t em
in diamstey. The 41908 vere vashed in rwaming Ssp water
for 48 hours at V¢ and pasteurised by hesting ot 0% tn
sterile distillad water for 20 minutes.

T™he eharotel gelatin 2lse in sea water broth: and
mtriant Drvth vas inomilated snd cbscrved for digestiom of
the disc during Ancubation for % days and strains shewing
83ov 1iquifection vere retaited for 7 days. In positive
reanticn of hydvolysis of geleatin the charecal dise my W
cbearved below the test tbes after the liguifastion.

Lxidetdya. v Sexuniekize hasakiem iR xineens !
Dissinilation of glacose wvas %estod by the wethods of
Rugh and Iaifewon (19%33). Yor ecach isclate axplioate wbes
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of ¥ mdiun (Ri-madia) vere inesulabed and allewsd de
et A fev &xepge of starile glysarine wes added %o one of
e &xplicates 0 form a seal. The remlis wvere read after
N « 48 hours of insudetiem.

Thes of Koser’s vitrate madium vare inoculated by
streight vive moistened with tde saline suspmmsion of dacteria
and inoubated for &b heurs, A bright blue colour was
recorded as postitve.

Jeaeee . sakixdiin»

St 0.5 ul of a nem-atezile solntion of & g of wrea
and 2wk of 0.0vF Jhenol red in 100 ul of distdllied water
W intzoduoed 1840 eash tube end then beavily inosalated
with & loopful of 2+ hours edd mutTient sgsr culture. The
tubes were inevbated at yoou temperature (28 = 2%) fer
7 &ags. Treclytic astivily vas detested by the ehage in
solour of the medium from iight yeliow $0 pink.

Alaxst hydrolymiss
The crganises were gyoum for 43 hours in mutrient
agar dasal medium with O0.2% stareh. If starch was lydwelysed
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when Joding srystals were kept in the eover of the petri
dish and slightly varwed the lodine exystals over the
flame (Mabadevs Iyer, 1568). Brown colour indicated
partial kydrelysis as stareh is im the form of exythro-
dextrin, Unigdrolysed stareh forwed a blue eclour with
Iodine starch complax.

Asesulin. trdrolysls ¢

The isolates Doth maring and pathogenis weve grown
for b3 hours in mutrient broth comtaining 1€ ssseulin, If
ssonilin wee hydrolysed a blask diseclourstion dsveloped
vhen 0.5 al of a 15 aguecus selution of ferrie samonium
eitrate vas added.

fon grans of esch lactose and suercss wre added 40 o
1itre of peptone broth vith { g of glieose, 5 g of sodium
shloride and distriduted in tudbes and prepared the slanis
after sterilisation. JFermentation of either suorosSe or
lastoss or both will give rise %0 s asid reaction Ahreugh-
out the mediun wheress fermembation of only glueoss will
produge asid in the 'butt® dut not inm the slant. The
addition of 0,3 g of ferrous sulphate and 0.3 g of sodiwm
thiosulpbate of the sdove formula allows the deteruinaiion
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of the produstion of hydregen sulphide in the ssme medium,
eultures produsing .8 shoved sn extensive blaskening of
the agar dus %0 irom sulphids precipitetion (Sulkin and
Willett, 19h0).

Zhe Jettwl rad sd Yesse-Preskmer rassiica s

e gluccse-ghosghate (M) medium wes inosulated and
inesbeted st 37°C for 2 Gays. Twe dreps of methyl red
selntion was edded 0 the elltires. Fed colewr shoved
positive reaction; orange ves feumd in interuediate stege.
Yollov eolour for negative reastion. Veges Proskaner (VP)
Sest for asetyl metly) earbimel or ssetodna predietion vas
sarvied out on the same tube of eulture, 7Ths test was
mxinly used $0 Aistinguish various eoliform cxganises frem
sath: other.

¥ of the sdetrate and 1 Andvade 's Indicator In a peptens
vater medium. The 11 subetrates weed vere Gluesse, Lactese,
Susrens, Meanitol, Marmose, Dulsitel, Imesitel, Adcmitel,
Salicin, Zylcee and Arvebinose. Results wers vescrded after
e and %8 hours of insbetion.



Eimacn's. seshs

Single streligth NasCenligy Lroth was prepared end
inosilated by all b3 mayine strains for the elevated
Sewpereture Sest. The eultures were inoubated ia a water
bath muintained at M, The results were recerded after
2 bours of inedation.

The tawononic sehems employed for elsssification was
at of thevas g al. (1960) for marine basteris, Cowss
and 8tael (197+) for dasteria isolated from ¢limieal speci~
wene and Daygy’s manmal of Detwruinative Bacteriology (19%%)
for ganeral veference.

ARADASALS SIRASIYISY

Marly 10 antidioctios namely Fendeillin, impieillinm,
Chlorsspheniecl, Ksnsmyain, Erythromyein, Streptomyein,
Terramyoin, Gsntanyein, Sephrmn and Cephwron inpregnated
£41%er paper discs were plased on 1. Mutrient Agar Fiste
and the yesults were recorded after I bours of isoubaiion

st 37%.

Sadl_mxbalogy ¢

A1l styaing weae Ovel-tegative Yods noN-gporing, metile
or non-udttle asrchis dasteria. Piecniszhisn was oOENOD,
Coll shaps varisd frou filamemtiots $0 eooso-bacillazy, oftem
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in the sane sumar, Soue straine formed chalms, sows had
puinted ends and otheys rounded ends. Cell morphology
varisd further vith (he eulture medium and had 1little 4is-
erixinetory valne. lMarine basterial cellswere souparatiively
smller vhen soupared to pathogenis strains.

Salany_mribaloxy:
Celonies on Blood agar differed in sise from yine-point
0 3 b mn in ¢lameter, Mo yhisoid colonies were prodused

in outriadt or MasConley Agar. Thirtesa lastoss fersenting
and ¥ nom-lastose fermenting strains isclated frem MeeConlmy
were further studied for t%heir biccheuisal eharastaristios.

Bamdie of hicshasiond. Seaiss

All the strains wers eatalase positive exsept 2
JI9Nmat w4 coe FRdarthegisr Strains.  Almost all the
results were elearly positive or megative. Tsble %3 gives
the rpes of basterial gemera isclabed fyem the benth water
sasples. All the five Laclerial gemera namely ARCONCEASR.
Rendommas, Yihxin, Rsxasalona/B- okl end Alsslizsnes
were present in Shanlmwmghon Deach water. Yibris, JsroscEas
nd 2psudoNgRag Yere mot encountered in Vishinjsm beach
vhereas I, 20l / Zaxasaloln were eosparatively move thed
the other two beasbes. YiRrig s9P. weie B0t encountered
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4in Kevalem beach and enly 2 strains vere isslated frem

Shniamghon vaters. This vas supperted by the Lwestd~
geion by Karthisywni snd Zyer (1975) vho reperted the

paeity of Lidxin syv. in swxfase water sd Dotton md

wheress peramntage of Whis gemerz ob freeh saxdines and

prams seets %0 de fairly high. Rixanincsoms Laagalls
ves isclsted in Kovalen and Shemlmmighon beach waters.

Meenoe of Jisrosogcs in the 13 sea water samples winy Q.
styiking dhassvation. IS was reported (Karthisyanl and
Mbadova Iyey, 1975) that graw-yositive organisms vere

parwvalant in the dotton md and Whelr pmsily 12 surfease
vaters. Altagstber &3 Daoterial straing weve isolated

fron 13 randon seaples of beath watey and sgxisun iselabes
vere fyem Shaxkumughon Deeth waler.

Tubls N Llustrates the yemilis of 30 bhicshemieal
tests done vith the 43 wmarine becterial oultures. Detalls
of ths yesstions of the 26 biosheniosl yeastions of the b3
saring basterial strains ave given in Tadls 5%. Final
iamtifisaition of narine bacteria is given in Tebles 5%
@4 s, ISt of the iselates were highly mtils snd small
in siae vien cowpared t¢ basteria Lsolsted from clinisal
syesinems. Aboal half of $he is0lates were highly ferman-
tative regarding the sugars like glunocss, lastose, SMEYOSS,
numose, mamitel, syloee snd salicin, One fourth of the
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fselates wmre hghly formniative of Inositel sand Avebinose.
Ot of the 11 sugars Sested nome of the sugars was attashed
by 1% sarine dastorial straing (Table ¥6). lJarine stralie
were also found te be imefficient in fermmting anleited
d adomitosd.

two species of Pagudencias. Only 2 oxidative Pasudomgnad op.
isolated fau sarine envirament prodnced gresn finorescent
diffusible pigment, wvhich were grouped in Jasudononag gyoup I.
AL} the other sxidative, Bon-piguented orgmnisms were grouped
wndor DRANMORGEAR sroup IX. Only we Yihxia epp, protised
KA 4n T8I ugew slamiss Josh of the Wurine Siralns Pessess-
ol the samyre sedelase vhesess ureass and oxidase vere foumd
aaly in 25 sarine styains., dout 32 isoclates ubiliped
oftrste a8 Hhelr sardon soures.

Glnotes was metabolised fernentatively by %6.%X of the
styeins in the Bagh and laifecm’s wedinm, The yemsining
8.2% has exidatively metabolimed glucose in this msdium.

Ritvate ves yodused o mitrite Dy 36 of the b3 struing.
The sethyl red weeastion wvas positive in 9 struins, four
giving weak result. Jsenlin hpdrolysis ves wore when
conpared o Gelakin and Shameb.
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Bamilis.of Zeolaxsnes Seaia

only € of the todal ioclates were found to Solerste
bile salts fllustrating their origin and source fyom
intestine of enimals e Mumeh Deings. Mo defiaite pattern
of toleraiioe vas abserved but Lnhidbigion of growth YW
desoxyoholate was NOt wevented bty the presence of Smre-
cholate in these isolates. O(n this medium the growth of
non-intestingl crgmisns s izhidbited. The presence of
colonies is presumpiive evidentes of faseal sontanination.
The lactose fermenting ecliform species apprear as yed
otlonies and the Wyphold-~dyseiry group as vhite or blue
oolonies.

Ramdss ol aniibiotis dine resisianos. Seata s

mly b strains were seusitive $o 2.5 1.U. peadoillin
vhereas 29 strains vere sensitive in 10 g terramyeain,
22 strains vere ingensitive to 10 gu pmmieillin dut sensi~
tive o mmpieiliin (22), terrayein (36), ehloraspheniscl

(32), esphoron (h). Most of W Lsclates vere ssnusitive

o septzan (b0), getamyein (39), streptowyein (38). There
was not any definite pattern in the strains inswnditive to

streptiaysin, gntaycin and sepiren.
The diochanical reastions mumh a8 the ability of the
mumm,mmmyﬂ
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desoupose urea to form mmonia sal be used fer qralifying
the spoiluge petential of that erganism (Lewis g al.» 1971).
Ia this respect the spotilage potential of the warine orga~
nisme vare more vhen eonpared to dasteria isclated from
elinical specimens.

Tabls 55 sheus the differentiation in bioshemisal
astivity betwern fermmtalive and non-farsentative styains,
The farnentative strains wers vary active in fermsailing
gincose 1n oxidstion-fermentstion media and aleo had high
perostitage of eatalase enwyus. Oelstin wes hydrolysed
sstively while E.8 profistion ws lov in fermentative strains.
High pesitive axidase and ureass were Neted vith mon-fer-
mntative marine strains. lostly fermentative straing were
bioshanigally astive in all the resctions.

Tebls 57 fllustrates some 16 Dio-gheulesl Sssts of
the alinigsl stvaing based on which the clinical straine
vere identified after initial iselation,

Table 37 a incorperetes esmpuriscn of the bioshemtsal
Sests of maring dasteria and also bacteria isclated fyom
elinical speeimens. (lncose fermsntation wes vesy high
in Inman bacteria vhereas aiSrats utilisation was vesy high
in marine bacteria. H 8 prefustion wves very lov both in
speeimads, Indols prafuetion was high 1o straing iscladed
from marine environment then in humen straing.
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isclated from elinicai specimens

8e  2ems of e Tesn of ;:' $i79 gtraioe Corrad
m) specinens .
I8 Nobidity @70 9.0
2. Glnoose feruentation .5 72.0
3. lactose ol .9 88,0
b  Sucrose " .2 3,0
5.  Mammited " 3.8 6.0
6. Dulsitel ot 3.9 32.0
7. Avabinoss " 2.6 W O
8. Sallan . 39.5 3.0
9.  Xylose " 37.2 50,0
10. Citrate utilisation P .0
1. Uresss tost 5.8 h2.0
1. RR. tesd 20.9 36.0
13. VePe tost ».9 8.0
. ? prodnetion .6 ».0
15.  Indole produstien 17.3 28.0
. Oxidase btest 8.1 %.0
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Tadle % shows reports of maring basterial genera
isolated by various itwestigators in differest parts of
the vorld. A peausal of the Sable showe that DRsidenoies
predouingtes Narth Ssa and is coumplately sbeent in N. Cape
Norvay and ooours in all the othey wuzis of lesser gianti~
Sies. JLFONONAl wes encouniered only ty Simidn gh al.
(1971) in inghore valers of Japan. Yikrig deminated in
Chesapeske Boy dut coupletely sdsent in Australism velers.
Enterchacteriasees (§. gal)) were found in irshore watar
of Jepan. AlsaliSSEes ves encountered i all parts of the
area stadisd in moderste mumbers.

Tble 99 incoryevetes reports of dacterial gemers from
Caliout, Coohin and Trivendrus coastal waters. JIRsudosanes
mm,m&-:ﬂm&msmum
wly in Trivendrun coestal waters. YIhzis end k- aall were
Gomingnd in the ceastal vabews of Ceshin. Alsalissmes
ossnrred in woderate mmsbers in Caliewt, Coshin smd Triven-
drum eopstal walers.

Fron the results of the present inwestigstion 1t wvas
noted that there 43 not mach differentistion in the gwera
of dactarin in 4ifferent anxs of the see theugh they differ
mh in bioshenicel ¢chavasteys. The 5 gemars isolated fyom
Trivandrum ccestal water cesurred only in moderate musbers
in the ey parts of the werld., Mash differentiation was
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asd dbaerved regarding bioehexisal eharasters of mrine
vere wore sengitive to antikioties than humn dasteria.

In the present study only feymntative strains were bis-
chenigally astive and fermentative strains vers mostly
iselated from elinisel specimens. The sbundance of
Jaxoswnas, Pasudomosatis Daxaselens / B. 80l in beash sea
vater is an indication that the three Dentbes are intensely
polluind and thare (ixia eonteaxination of sand vith humgn
fasess. Dressmaki and Fussenmane (1969) and Grammet end
Helsen (1969) also isclated k. afll st other emiwris
peibogens frem ssventesk beathes of New York, but Zo Bell
(15 1D) falled %0 find out eoliform Lasteria in any of 961
samples of sea Waley eollested at stadions remots from
poasidilities of tervigencus ssntanination although large
mmbeze of . goll were feund in polinted bays snd asthuariss.
The fasters eomdriduting $o high ocesurremes of pathogens in
beash water nay Do due V0@

1. Tomparaturs of the waler.
2. Presenee of orgmnic watter; easily dsecuposed.

- gee o S SR

The present finding 1s that though there is mmb bio-
Basteria Both are equally asctive in all biochemical resstions
ousept their sensitivity pattarn towvards amtibiotiss.



SRCTTION Iz,

ARTIBIOGRAN OF DACTERIA FROM NUMAN
BRIKS AXD HIRINE XN B:0ENE,
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of antibiotis astivity has becouws lively branch of vell
Sology and gemetiss. miibistiss are nstursl organie
eoupaunds preduced by wisve-ergmniscs as secendasy and
Seruingl setadolites vhish are Dot essential to the life
of the preducing esll. In the last MO years ever 3,000
antibictics have Dest disesvered. Iut very fev of them
have boen found 40 have the right combinstion of properties,
Righ sotivity sgainst dhe Amweding orgniss, low toxicily
10 maimals and physical and wetsbolic stadilities to
Justity thelr use in sen., 7These vith enduring clinisal
value fnclude the antidioties such as gmtamycin, the
wythronyein and the family of tetrsaysiing. The early
penicillinswere suseesded by a varisly of wodified yeni~
ei118n that proved %o de effective against desterial
strains that hed developed pemisillin resistwnes. Them
eompounds Sogether with esrly penicilling are nov eolles-
etively mows as the bete~lastan-atibiotics as the ky
to the amiibacterial preperiies of theee compounds lies
in the beta-lastian-ying. The resistant besteria ean
inssttvate the dete~lactams in one of the three ways:
(a) by opening the deterlastan ring - a reaction wvhich 1s
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sstalysed by cuxynes salled pmmicillinases or deta~
1sotamases; (@) by splitting off the side ehain -~ a
resstion viitch i3 catalysed by amidases and (o) by the
ronoval of the atelyl growp 1n the I-position in the
sbetituted Deta~lastams. The Jast reastion 18 satalysed
by esterases. All these sngyues are widaly distriduted
in the migrebiel world, The widespread ,Often indisari-
minate use of the antidiotiss hes resuited in a stvong
selestion for resistant Dasteria which Rave Wb capaciVy
$0 prodnes one or move of thess euxymss,

A mmber of worNers have yeportsd on the pressnce of
Grug-resistant wolifors besteria in surface welers (Smith,
1970 b, 1971 Yeary gh ad+y 1972; Grabov g a).s 197%).
Tisnioipel vaste (Sturtevent and Peary, 1969; Sturtevent
a3 a3y 1971) Crabow and Premesky, 1973; Linton g§ al+y
197 ). R + bastezia Das also besn ipelated fyom rivers
(smith, 1970 b; Peary gi a)«y 1972) s0d coastal Dathing
and emal vaters (Smith, 1971; smith gf gl.» 197%; Segar
M, Gognl g% a)ey 1979). Even fresh water wusesl (Ryridalla
MExiasll) eollssted fros lskes in New Zealand vhish were
nownk t0 ds remote from domestic and agricultural wastes
were found %0 havhbour R} + Dacteria (Cooke, 1976 ®). BSush
studies vere performed in sediments of uarine amwirenments
2y Sager M. Gayal i al.s im 1979 along the Gulf coast of
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Texas which has led to a emnesrn for the waler guality of
otastal amnals alomg Texms, U.8.A.

Woed (1943) eleseifisd marine misre-cygsnisms into
presents o comtimwus threat to enastal emwircament parii~
otlarly in sewage comtaninated eveas (Riggine emd Byuns,
197%; Camsacn and Pike, 1968a; WCay, 1971). Traafer
of aiidiotis vesistanse from fishes, snimals and lmen
straing of B. gald %0 restdent 5. gall in the alimentary
traot of man i3 a potential public health preblem: the
presence of bdbesteria vith tyansfershie dvug-resistanee (R ¢)
in coastal camal water in Beuston, U.S8.A. wes stodisd Yty
Oeyal i ale (1979). 1R - plasmids ave extre shromosomsl
seetic elements deterning resistanes %o entimiercbial
drugs. Nameyous gemera of bdesteria ineluding ZRsUCONCEN.
Aaxseomas, Yihzie, Shixsaiosnesms ovd Eniarsbasieriasiss heve
been found €0 carzy Sranafershle drug resistanes,

It hae been shown WMt pathiogenic, non-pathogenie
basteria and uman enberoviruses ave present in large mumbers
in sovege~pollnted marine envircument and is a source of
diseane in man and snimals efther directly or indirectly
(Cram, 1972} Geldveich, 19723 Cengavesa 33 al-» 1972).

I tis sestion osuparison of the antidiotis senei~

tivity of O3 mrine straing vith €0 human basterial stirsins
isolabed fyon clinisal specimems at the same period was made
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a8 the yrelimingry study of the antidiotis pattern will

be of haly in futuve verking fer the poesence of R - fectors
and thelr tranefer in enterchacteristess. Jurther,
deteruinaticn of the prevalenss and distribution of eii~
otia -~ resistet bacteria 1in the coastal aress are
iaportant sings they have Deon associated with water borme
epideniss in uen Ouy b ad++ 197; Gengavosa g8 Ales

19725 Schesffer end Mariarty, 197%),

The wost videly ascepied, wost sesily perfozmed end
dility of besteria %o antibistiss is 42w dise-agar diffu-
sion mihod. Following the i4mmiifisation of a bacherial
strain 1% is often Deesssary %o esarry out 1B Yiirp test ¢
deterunine e eepiidility of that pathogen to eath of a
renge of spreopriste mtibiotiss. The results of sush
tests assist the uayine miewcdiologists in the classifi-
eation of the strain and the elinisian in the selsction of
epiimlly astive agents for ehemotherwyy.

A fi00d plate is initially prepored fyom a diluted
droth eulture of the basterial strain 40 be tested and
several small sbsoyhent peper dises ~ eath impregmated with
a gifferent antibictis sre plased on the suyface of the agar.
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Daring smbmegaent ingbation the antidiotiss dAiffuse ot
into the surrounding agar and somes of grevth imhidition
sequr arcund Whoes dises wikish esmtain smiidioties %o
vhich the ergmnisa i sensittive.

Diffevent wiidiotis sensitivily sgurs (Zable 60)
vak used for different Wye of antidbiotien as senuitivily
ogars ahould Bot gombain constitustls whish exscessively
othenge or reduse the imhibitoey or lethal offests of B
use of agsr eontaining dlond or sorum tends ‘o redwee the
iahibitory ackivity of thene mtidiotics wvhich show o Migh
degres of protein biading). The ether imperient festers
are &ho I of Ve test wediim as 18 €20 inosulum siae and
period of insudetion, In the present imvestigation § types
of 000d layer ware used fur W 10 differant siibistise
as shown in Table €0. The standardised wihod *Kishy-Bemr*
prosedire as descrided by Sear g al. (1966) vas folleowed
in the yreparstion of astibiotis &ises., Dises vere pre~
pared in the ladorutory in 3 Aifferent smommtrations of
all the tn antidioties sd stered 1in the refrigerator Wil
further use. Detalls of preperation of @isc hat been
Sitven in general material and methode.
wedia (Bi~nedia) was prepared My adding the required
distilled vader snd sterilised sf 15 Jhe. pressure (121%)
for 15 winntes and the wedtum was poured $0 a depth of b ma



TABIE 60. Various medias used as a base for the sensitivity
tests by "Kirby and Baur's™ Procedure from
"Hindustan-dehydrated-media®™.

Ro.11 \ No,1
AMPICILLIN | /6585 "LATER FOR
GENTAMYCIN / PENICILLIN
KANAMICIN \ /' cHLO NICOL
ERYTHROMYCIN \
ANT IBIOT IC
ASSAY ——
MED IUM No.2
B FO
NITROFURADONT IN
SEPTRAN
/ \\
/ No.5
/ STREPT OMYCIN
No,8

TETRACYCLINE
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iR a 100 mm (10 oum) diamster plate. The plates were
allsved to &y for of Jeast 30 minutes o 35 - 39°C o at
BT for 1 hour befeve inesmlatien., Plates ware used vithin
P2 hours of pregaratien fer the experinmts.

Murine Dasteria 1s0latad fyom 12%teral vaters (b3 nos.)
e desteria $30lated fyem clinteal specimses (60 nos.) wevre
owniaifiad in mtrient dyoth, Ioosulation of plates ves
dene within 15 atmtes of emlsifying doelh enlSuve se thad
standnrdinetion rousing cerrest. A sterils swsd was dipred
the swed by rolating 1% agained the side of the twde defege
plates are seednd. The suspmsion is streaksd evenly in
3 étvections on 10 the suyfase of the wedtam. The peliri
éish wvas kapt aside for &yying for b lesst ¥ mimites Dut
»et lenger tham 30 sbmates. Apprepriate mtibiotis dise
ves dispensed mmwially on fhe inoenlated plate snd gantly
pressed 18 4om vith sterile foresys flomed and conded
detwasn cath 41se. DPises ware plased 10-2% ma from eash
Aber to wroid emerlepping sunes.

Piates wers incbeoted famediately or within 30 atmutes
for overnight ot 35 - 37%. Pest vesults were cbbained
after 13 hours of ingdation. Sse of iridition egmal
to sige of disc or even slightly greater eg. 6.9 - 7 mm 19
tolcens o8 Negutive and nome of Lsibition moye than 12 - ¥ mm
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wag Saken a8 pesitive meening that the test awganism
is sensitive to the given antibioctis. The soms diamsher
vas masured, the end peint is taken as couplete iahibiticn
of growth as deternined by the naked eye. Zomes Of the
eontrol enliures were noted whether their renge falls vithin
the ranges indisated in the ehart (Difee) to assure the
ascuragy of the assey.

Eihishis sanay ¢
A tokal of 103 stiraine of Dasteria iselated frem maring

ewvirenment and fyon ¢linigal specingns were screened ini-
tially for resistames 0 selested amiibioties.

10 deternine the minimel eemomntration of amtidiotie
meoded to ivhikis the mierchial growth 13 Yifxe 3 different
sanownirations of 10 different amiidiotics were tested oo
that the minims inhiditory eomsemtration (MIC) of the
smtidiotis ean be determined. The range of imhiditions
sbasrved from the MIE wpwards, a quantitative assay of the
atibiotis is obtained. These two puarameters the NIC and
ths quantitative sssey are of Swumense importanse in chemo-
therapy in dsterwining the efficisney of the mstibiotis.
™he lover e N the higher will De Ats petency. Freld~
uinary studies of aatidictie yesistance puttern and levels



-« 12294~

of I vere eonsidered 10 be of helpy in further weriking
for the idemtifisation and classifisation of basteria.

™he Pattern of drug sensitivity of marine basteria
chesrved during the investigation is givem in Table 61.
Mitiples drug resistanes was meye prevalant then resistanve
to one or two drugs smong usyine basteria. Jome of the
strains was resistant to Qentawyein and enly cne strain
vas resistant $o Sepiran. Tetragyoline wes found %o de
resistant to emly 2 straims and 3 strains vare resistant $o
Streptonyoin,. Five strains vere yesistant to Kateagrein
and 7 straine to Chloresgheniecl. A higher rate of yeai~
stance wvas found in Pemdeillin (22), Ampieiliin (16), Bry-
thronyein (16), Gentanpuin (18), Septran (11) and Cephoron
(19). Host common sniidiogrems enecmntered during the
fuvestigations in sarine 1s0lates are given in Teble 62.
The prevelent pattern as given in the table wers PAC (Pemi~
ofllin, Apisiliin, Chlorsspheniecl), PEC (Penteillin,
dmploillin, Erythrengein, Chloramgbenicel), PACKRSC (Meat-
cillin, sspisiliin, Chlorssphenicol, Kenesgein, Erythromyein,
Septven, Cerhovon) of this oxders

22 a1l $he mtidiotiss tested out of 3 comeemtrations
of 10 different siidioties the lover eoncentration showed
higher rate of resistanes in Klaliaialls, Easidammnes snd
B+ 80l strains isolated from ¢linisal material though mod
mch differentistion in sensitivily wes Boted bdetween middle
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Mot eommon antibiograms eneountered
in marine basterial isolates.
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and higher comsantration (Fig. »3). Alchricecoms
showed higher rate of yesistense enly st uidile snd higher
omeentration of the amtibiotiss tested.

Seneitivity pattern of four pathogmnis dasteria like
Sabyicscoms s70., DSUdemONaS SPP., Basbarishia oold,
Baksialls spp. nd b3 sarine besteria were studied end
the numbezs of senaitive and resistant Dasheria of both
eategeries were given 1 Fig. Wi. A higher rate of resi-
humast pathogens. Tabls 63 fllustvetes sensitivity pattern
of basteria of elinisal signifisance againet dtfferenmt anti-
dioties i3 YiAre. A perusal of $de tebls shows 83.3%5 ef
ponisillin resistant stvaing, 6337 of ampisillia resistant
straing and 605 tetrasyeline resistant straime. lLovest
resistanee wvas found vith Crestasyein (Of), Kmamyoin (17%)
and Strepbonguin (2GE). In total the nuader of sensitive
straing vere mowe (%0.8() vhem soupared %0 ths resistamt
strains (h3i). 1The peresmtage of pathogmnic straine sensi~
tive and resistent 18 given in Table &h. Data 10 Tahle &
indisates 36¢ of Rasbharishia spp. sad 382 of Dabaialla syp.
isclated commnly from clinical samples, vere resistant to
almost sll of the amiibiotiss. The mmmber of gensitive amd
resistant pathoganis besheria is illustrated in the Fig. bY.
Detalls of the sensitivity pattern of M3 marine strains is
1llnstrated in Table €%. I the some of Anhidition wes delow



Fig. M3. The resistent rate of humn paitogens 1ike

(a) Bastarisbis gald, () Iesudemsmes MeniciOCEA,
() Ksbaialla sy. ““)Wu
thyes different emmeentrations.
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9ig. W, Baber of semsitive (a) snd yesistant (b) lunan as
vell as marine bacteria againet 11 eommnly used
antidiotion,
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Masber of semsitive (a) snd resistent () pathogente
1sclates of Saglioceasus sirsus, Bscbarisbia ssld,
Eossiounnes. sexnesnoes ood Klabeialla sp. against
10 commonly used antibiotiss.
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6.5 » 7 ma 18 vas Saken o8 negative and if the pome of
Lmhition vas nore tham 12 « 15 mn 4% vas talem as positly
reantion,

Pogarding merine iselates 32.% of the ipolates were
found to bs resistant %0 all of the antidbiotiss tested.
1008 resistance wos seen in the ‘huvnam tsolates t0 endy
penieillin (Tadls 6h) whereas in warine isolates 100¥ yesi-
shanoe vas found vith thres antidiotiss 1.e. Fenisillin,
Chloramphenicol and Caphorom (Toble €6). These values ave
higher than those reported by Forrtaine and Boedley (1976)
fer tokal ccliforus from domestic sewage (J5.%5) bt eloser
%0 velues for hospital sewege (90.26). OCliniscal end marine
mmmmmummm
1ike Penieillin snd Apieiliin and related cowpounds often
arise by ¥o soquisition of & plasnid that produses a -
lastemase. A inorease 1B Polastenase sotivily bes also
bosn shoum to canse yesistamoe in gome mutonts isclated in
the ldboratory by Sprat g8 Al (1977). o other cases
p—mmummmamuw
in gran-aegstive basteria alderstion of the esll envelope
sesulting in decreased yensiration of the smtildetis 0 the
Savgets responaidls for Jethality in eytaplasmic weshrene
Ras been proposed. Seversl Lwwestigsters have used selsctive
nedia oentaining mtidioties $o isolats amtidiotis resistant
beactezia (Koditschesk snd Quyze, 197%; Sturtevant af al.,
1971) fren rav or trested sevage snd pecrly processed Sludge
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but in the present imvestigation this approash yislded
poor results when plated wvith ses water. It is also obser-
ved that certain bacteria especially those naturally present
in the intestine of man, vhen introduced into an squecus
snviromment become stressed and dedbilated. This observation
has besn reported previcusly dy Bissonnette g% al. (197%);
Naxey (1970); and Stuart g al. (1977). These vorkers
demonstratsd that selsctive media used to emmerate siressed
or dabilated coliforms ooculd cause significant loss of these
indicator bacteria wvhich are resistant to antidbioties. In
the present Lwwvestigation it wes found that approximately
29K of these colonies appearing in MaoConky agar vere resi-
stant 0 penicillin, ampieillin and eephoron.

Tedble 67 1llustrates comparative sensitive pattern of
basteria of marine snd human origin sgainst different anti-
biotie used in cliniesl prastice tested by in ¥Yitre method.
Rnieillin resistance vas found to be wmore prevalent doth in
bacteria of human origin (835) as well as in warine bacteria
(51.25). Ampioillin csme second in this eabegory under
p—wmsmnmu»mmm
bacteria vere more resistant to Cephaloriding (b3.9%) and
Gemtamycin (W1.4%). 1008 semsitiveness was sesn in human
basteria vith the antibiotic Gentamyein (10 pgm). Tetra~
¢ycline was found to be the fourth one in the order of resi-
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stenee and 60C of the isclates wese resistent $0 Tetrasyeling
(ﬁfﬂ). s marine basteria yesistames toverds (Fig. M6)
Totrenyeline (b)), Kanespuin (11.3) and Chlovespghaniosl
(¥6.1€) vas less vhen eoupared to other smineglycosids
mtihioties.

Based on J. gnll distridution the Vishinjen besch was
emugidered %0 e most pelluted of all the thres bheashes
stadied. The intensity of k. gali in Shenismighom and
Kovalam wves found to be the sems.

Bvanihough Vishinjan Deach possessed move faseal osli~
forus hap the besshes of Mheiamghon and Lvalam, the
Shankamghon besth possessed mitdioties resistamt micro-
flaya distinot from that of other sites sd had an sverage
of 16 3. goll /ul in spresd plats count teskmique. These
data suppors the vievw that the Shree beashes wveare eosidershly
pellnted by human vaste during the stady period and uantity
of mtibiotis resistant uicroflora suppert the viev that
urtban commmitiss living in and sround Trivandrun sey harbour
sigaificently grester mmmbers of resistant organisns than
taral commumities in the arvas of Kovalam and Vishinjen
viiieh are lass axpesed %0 the aduinistration of smiidbioties
for Wheir alluenis.



rig. %. Conparative sensitive pattern of basteria of sarine
ol haman origin sgeinet different amtibiotics used
in elintiesl prestiss. (Sasted by 13 Yilre wethod).
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he Iigh rate of imgidenee of miliiple drug resistemb
organisns in ths liftoral wvalers of Trivendrua indieates
the possihility of R-factor Bpdisted drug resistant desteria
also in this ewiramemt. Ayparentily these drug resistant
bastaria are discharged shaough raw oF treated sewege imto
these vwaters vhose couposition reflests previous and immediate
selestive pressures, If fhess Dasteria are ingested alomg
vith fish eaght in this avea thay oould theoretisally
transfer their miidiotis resistamos 0 other gram-degative
pathogens of different genera in the intestine (Dewies end
Round, 1972). Gayal gf al. (1979 found spputmimately 93¢
of their colifern faelates sould tramsfor thelir resistanee
pattern %o other gram-negative pathogens. Certain E. pall,
sarrying plasmid linked genes for resistance %0 various snti-
nisyobial ageits ean treiiefer thess godus and the gone 60d~
ing for enferotexin predustion to a suitedle resipient
basterial cell (Gyles gh al., 1977; omith, 1967). Sueh a
transfer vould ersate a pathogen vith feruidabls espadilities,
possessing exhanoed infestivity and virulense. 8Sines the
use of nev end old antibioties is constamtly inereasing both
for olinies), agricultural and maricultursl purpeses it is
DOSESSATY $0 ey OUt sk avea vide survey $0 assess the
ineidense and extent of the muliiple drug-resistanee. Other-
vise vo Wy reath a2 situation vhed the future of ¢hemo-
tharayy aan aypear dudious,
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Regarding usage of polluted walsr for Pissisultural studi
it 18 beliwved that situstions such a9 thoss neutionsd above
oenrtridute measuredly as canses yespotisidle for the reowery
of B-faster earrying orgatisms. In natural scosysten the
initia)l introduotion of an antibiotic resistant dacterial
popalation in figh 1s of vezy 1itile or N0 eoRsegUsDes Singe
18 myy occur st a low fregueney in (he tetal basterial popu-
ladion even in the ahsenes of mmtibiotic yressurve (Bmith,
1973). The petential danger that exists in any systen 1iss
in the indiserininest use of aaiidiotics partisularly tetra~
eyelins as “oure all®, The uisuse of sntiddotios in ealture
aysten sleo ugy resilt in the selection of R-facher earzying
clomes of pathogenis dacteria., Ultimabely sn satibiotie
resistat dasterial popilation may yesult in a fish 4isease
problem that would not yespoand $0 usual antibiotis werapy.
This sane basterial population nsy also seyve as a scures of
potential transfer of sniibiotis resistanes to other similer
uicro~organisng. Resistanse %0 4ifferent asinoglycoside
antibiotics like Streplospain, Kmamyein ot i & to several
ensyues prodused by different Refastors (Panse, 1981), Seve-
ral engynes have beskt eharacterised whioh modify different
groups of aminoglyecvside antidbiotics. Cmtious and yes~
ponsidls use of anfidioties vill aid in minimiging the
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organisng that ngy confer antibiotis resistance o other-
wise satidiotic setisitive Dacterial speeies. |

soeBaca



BRCTION I1X.

SERCTYPING OF RRCEERIGIUA COLX
ISOLATED FROM ESTUARINE ENVIRCGIDENT.
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11X, SSREIIANE. Y. BECEERIIIIA C0LL ¢ JAALMTION. OF
ENIEEQRGIRGENIC. BACERRICHIA GOME FEQN
SRAUATEE_AKD . SRR ¢

Dwvestigations on indicators of the pathogenis
siavebial flora of sea vatler and sedingnts revealsd the
presense of snderopstbis Bacheriahia sall. A total of
W6 3. apll struine vere isalated from 3 stations frem
sos valer and sedireny duving the peried of July 197% %o
Jane 1976, PFig. 47 Lllustrates ftsolation and seresning
of §» golf. Ondy 230 isolates were subjected %o preli-
uinary serological deterningtiion, O-servedyping s anti-
diagran wWping and seven ‘0'-gereAypes hes beed encountered.
Table 68 gives the dstails of isolates, isclated from
sea valer and sediment. Ssrotype 006, 055, 086, 0114,
0119, 0127 and 0125 were L4antified in R. gnll isclated
from sediment senples. Ewmaept the O-serotype 026, all the
other seretypes were isolated alse from see waler, OSensgiti-
vily tests ou emteropathis . gali strains weve carvied out
in the lshoratory and the results are discussed, A high
insidence of sntidiotis resistanes vas feund. The results
mwmmnuuhmw.
potential veservaly of antidiotic resistant desteria with
transferrable dsvug Tesistance.



Fig. #7. Isolation snd sereening precedure of
Eacharishis 9l for serologieal typing
of the species.
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A variety of pathogens can ba regularly dstected in
sea vater and sedingtts eomtaminated Dy sevags outlets by
using methods vhidh are sensitive emough, Wuslly, these
pathogens or indisators of pathogens will reflest the curremt
state of coumnily heslth. J. gali isclated repsatedly from
both laman and snisal sourees ave found widely distriduted in
\he marine envirommert. Although X. gald is ome of the more
oommOn gyoups Of organisus in our elwironment, and umially
Bod-pathogenie it osad cmuse climieal infeetions in man,

K- 8813 has beent found to de etiologissl agent iR eases of

oystitis, yrelitis, pretonephritis, gall Nladder infestions,
septioenia, ueningitis, endoearditis, smumer diarrheece of

children end adulis and epidenio infant disvrhoes, OF hese
infeetions, epidenis iafant dlarrhoes 1s of foremost olinieal
significance.

The extensive seheus for serolyping R. sadl is & complex
and tixe oonpuning wethed and i3 carried out only in specie~
iised leboratowies. The sehems I wee 1s based on e vark
begun by Kmuffeenn in $he sarly thOs (Kmffwann 153 sd
1hh)e 1IN 1s based on the study of thres antigens the 0
sovatic sntigen, the K expwilar antigen and the B flagellar
antigem. The woders inbernationally ssespted serolyping
seheme for strains of §. gali has been deacrided by Rdwards
8k ade (1995) and Kaffuasmn (1969).
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he 0 antigen is a thermostables sonstic mmtigen. IV
specifisity is velated to the arrangsaend of the sugar
residues in the 0oll wall and the arves-reactions ooomre
ring detween Aifferent O-gntigen have Deek related to the
presence of the same sugars (fesly g4 al., 1967). eus
190 antigens are recognised st presemt bus it is prodable
that thers sre ofheys. JNost of the recognised strains have
been defined in Eurcpe and fhere is oconsidersble geogrephical
varisiion in the distribution of §. gall sevedypes.

Becmise of the large smsber of antissrs Decsssary %o
e k. galls these are gumrelly grouped Sogether into
fpeols’ of antisera with sixilar cross-resciions beiag put
tegether. The reaction of the antigen with the eomstituent
mum'muum. The final idenii~
fisation of the serolype of the crganism was dome by deter-
uining tho Sitre of the sera vhose eross-yesctioms bLeing put
togethars Ths resstiom of the antigmn with the comstituent
wetbers of the pools was than deternined., ZThe final identi-
fiestion of the seretype of the crgmism was done by deter-
uining the titre of the sera whose erces~reactions have been
1ovestigated vith the organisus er Ly the use of shsorbed
sera.

Pricr t0 the development of serclogiesl wethods for the
tdemtifieation of pathogenisc J. gall, dioshenical tests vere
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weed in an sttenph S0 differentiate them fyos B. g0l
iselated fyom different sources of emwvisemmnt, Niochemical
Sests aloms vers inadequate in making sueh s distinetion,
besoase monepathogeniie and pathogenis §. gall wey possess
oshenisal eharesteristies.

™he delimeation Of ¢mSercpaihogenic oultures from the
"non-pethogene® ves fasilitesd by Whe work of Ksuffeenn gf al.
(17) which yemilted in a serologissl typing system for
B sall. later work of frskov (1956) and studies of Rwing
and Bivapds (1955) and Ruing (19%6) comtriduged to the develup-
sett of an antigmis seheme for this group of organisng which
uade possidls the ldentifisstion and charscterisation of
non-pathogenis R gaali and Whose serolypes of pathogmiso
R g2kl Noarly 159 sezotyyes were idemtifried so far. But
only ¥ sazologisal (ypes are pasthogenie owising diaryhosa
and delyrdration,

Bpidenis or sporsdis gastro-enteritis has been froquently
reported fyom ses fish and fresh water mussels (Steyhen gf
alas 1975) vhich was eaused by entercpathic E. apll. Galsenedd
od fhiszalla have been inerimineted in this 4ype of infection
and scoasionally basteria of other gYOUPS or viral agents
have alsc besn suspected. HNowsver, $he mjority of sush
out breaks hawe bDeets attributed to enteropathic }. goll. The



wtihise

use of asyelogical wethods privide evidenes of presence
of emteropathis §. sald-

fraskow (19%1) dvev the attention first to the asso~-
eistion of certain sexotypes vith haman and anisal enteritis.
Maskel gf al. (1960) wvere abls t0 show an association Ded-
wesn domeatis oats and infauntile disrzhoes, the serolypes
invalved being 055, 0111, 0112 and 0126. Reocently Tolmni
2k al. (1971) reported the cesurrenee of entercpethie R.guli
straing in the slimentary csnal of Rakfiis xakisig snd
B pExYasisns. Stephen g gl. Teported the isclation of
enteropathie E. gall from the sea fishes liks masicerels
Gantxalliisar kspagiria), ssrdives (Gaxdinella lJensissns)
i fresh waker misssls (Jamallidens maxzisalis).

™he work raported in this seetion is et atlemps %0
estehblish that enteropathis k. gAll end amtidictic resistent
orgnisns ave eomtasinated into $he marime ewiromment by
Sevage and dvainege sid 0 survey hov frequently R._gald
of the same sereiype found in sea vater ecild also be iso-
lated from the sediment in the same sampling stakioms.

0n arrival s the laboratory, the sea vater and sediment
samples which were oolleshed aseptically were pisted on
MeoConkmy Agar. Tergitel’ Agar and mutyient agar and ineu-
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bated ssyebioally for 16 te M8 howrs a8 37°C. Sout 10
diserete colonigs fyom essh MaeoConimy Agsr plate were pieimd
up from each sample and sudjeeted to all the bioghemisal
tests, Colonles produeing indole in peplons water, and
aoid and gas in NesComkay brwth sfier overnight inmbation
12 & water Dath at W% vere emsidered to bs §. sgld
faseal Wype 1 .

Isciates nwd striesly . gali Wre I were not eonsidered.
The purily of the isclates wves ehagked by swd-culture om
NacConkey Agar. AfSer Dedng sstisfactorily identified cash
iselats was stered ob & Dulrient agar slops at room temperature
in the dark.

It ia csaaniial What appeopriate wedtia mist de used fer
astecting, istlating and Aifferentisting nicro~erganisns on
msrybological and physiological ebarasteristiss defore appiying
serclogical teshniques. The differemtial media, MeeConley
Agar, vill Suhiibit the grewth of gean-positive misro-crganisue
for st least B hours. Blood sgar is o Non-eslective media
and is used %0 sssure the grewvih of these strains of 3. aald
vhigh 4o not grov wvell on differential media. The use of
those medis 1s aleo faportent in cbiaining asouyate siide
aggintimstion resuits. If 5. gali divectly fsolated fyom
NusConkey agay i3 sudjected to slide agglutinatiom, the yemults
ewnot be aseurate o8 dile salls in MesConkey sger or asid



- g} 9o

fyrom lastose fermentation may resul$ in errongous siide
aggintinstion patterns. 4ll bioshemically confirwed J.sall
were plated ot blood agar for slide agslutination Sest wigh
the polyvalent '0° emiiserum against the commen mteropathic
serolypes. This wes followed by slide aggivtination with
antisera againat speeifis ssrotypes. The methods deserided
by Taglor (1960) wvas striely de followed for the idengi-
fication of enteropatiic k. ganll. Antidbiotis sensitivily
of the fsolated entavopathis B. gali ves Sested in yiire
for Whely sensitivily tovards different antidioties s per
the paper dise diffusion method of Crulekshank (1968),

Tehally b36 §. g0ld deth pathogenis and non-pathogenis
straing were isclated in the peried July 1975 %o Juns 1976
fyeu Coghin Basivater eut of vhich 230 strains were turned
into enteropathioc k. 4011 Delonging to seven aifferemt sero-
types yis. 026, 055, 086, 0111, 0119, 0127 and 0128. Frem
the ™ different distinet serotypes of R.E. g0ll (Part s
Stretton (1960) snly swven seretypes were emocuntered in the
present study. Tadls 68 Lllustirstes ihe emteropathie
B gl end other Dasterial isolates from sea vater and
seliments, In tetal, 108 sea water samples and t0h sediment
suplss vere malysed for enteropathic . gali, mon-patho-
swic k. sadl, Kabsialla 57, Zxedsus Rixahilis, Aexosonss
Wdrenhila, Clfrshanter Lxuendi, Bnkaschaches ASIOSERAR.
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aandencnes saxusinass, SMa3h-mirmua ond Previdales grovpe
in exder to understand the dasterial populstion strusture
in polluted areas. Apeart frem non-pathogenie and entere-
pathic k. gall 796 iselates were ideniified by doing
soventional bicshenisal tests. Nemtion mist be wade
yogarding the varismts of §» gald serotypes emsoumtered
Guring the study period. K8 predwsticn vas moded in 12
E- 2814 struins 1solated frem sedimests daring the omsed of
uemeoon period in 1976, Trelewven (1960) cnsowntered some
strains of §. g0ll predueing spuricus hydrogen sulifide
mmmm«nmwﬁu)
groving 1in gynergiss wvith the Emtervhactoria snd producing
N8, This fash suggests, that §. gall yredncing I8 eneeun-
Sered in the present Iawestigation ngy slso comtain syney-
gistic masrebes espudle of producing N.8. A fov straine
feruenied lactoss only after b8 hours of ineubation on
MasConkey agar and henoe sppesred as non-lagtose ferwmenting
serotypes. GSoms lagtose fermanting straine wers found ¢o
be non-motils. On the wivle sath . gall serolype hed &
partisuler fermentation pattern. These findings are in
eonformity with that of Trelewven (1980) and Taylor (1960).

Some of the O %ypes found in this swrvey wers presemt in
relatively fov other animals on suvironzent vhile others
oscwrred nore fregaentily im human fassal satter. 7The dala
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indisated that these 7 types cosurred in sea vater ad the
lovel of We . 0% end o the sedinent a$ the level ¥5.6%.
Within thess O=%ypes NK vere found ¢o be antidiotis yesi~
stent is0lates end 1t 19 of Smbdezest that vith one exespiion
(02) all these O-types hawe Deen isclated frew wen (Hartley
28 aker 197%).

nummwmwmm
shundant in sedimentts than in ses vater but i$ mey e dwe o
their shility to eclonine 1in the sedimmnt, The suggestion
that esriain sevolypes ave staung in esriain ewireament has
Deen mads by Coolis (1974 ). Mbed eertain 5. 20l O-iypes
appeared in e faseal astter of Gestroscrieritis affected
infents, adults or snimels thay vere likely %0 persists in
sovage (Gaugs, Gunthey & Spmlding, 1961) as vell a8 & simllar
situation ¢ould seour i ses vater and sefimmt whenever
souage is lot inte the bLaskwater or sess In Jepan R. 880
vae Ssclated in marine sedinents and from fish sbomach snd gut
condants upio 3 months after the sevage wvas let into the
sarine envireoment. I ses water the B« 9ol seveiypes sre
less witish may bo dus o presenue of inorganis salts and
sbeenes of eyganic watler vhereas sediments are ridh 1in
mirignt rich erganic natiter. mether pessidble resson for
sbundanes of speeifis O-sevotypes is that a high propertion
ef isclskes are drug-resistant.
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A vide seatter of seven O-4ypes have been found to
ssony in both ses water (102) snd sedimend (128), 8ix
O=types wore found %0 be coumss §0 doth (Tadls 68) the
ewriromnent, The figures indisate that there is we de-
marestion betveen animal ‘L. gall' wd umam 'E. g1’
in the streins iselated, eventhough the seurce of poliution
of Ahis fastal eoll 1000 the marine euvirenmen} may de given
W the fastal index. Omyvey of marine fishes and fresh
vater missels alss shoved asmeidersble overlep vith O-types
of lumen origin (Stezhen gf ades 197%). A high adeptation
vas found in B. gali serolypes 0Ve2 and OW9 W Aifferemd
teupersture of sea water dy Alben (1980) in the experinental
Stady 1o Pussia. The study revealsd thal the adapted streine
4id ot dio in ses water ¥hough the grewth of their solemies
ot 37° censed. The grewih of colowiss ot lower SeNperstures
lanted for a longer perisd. Only a very little parveentage
of E. gall OV2 and O eslls did not adaPl to the temparature
or the cheminel composilion of sea water, bdeing inastive.
Frou the present investigation it is clsar that Sawperature s
not the facter for the distridution of }. gald in sea waler
or sedine®t a8 3. g0l 9 LI Gall vere amomntered a8 utua)
in lov teaperature in June (29°C) a8 well a8 st high tewperature
$» Meveh and April (30.7°C).
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Hhe O-igpes L9elated from sen vater and sediment were
further 4tvided on the dasis of the dlsteridation of anti~
biotie sansitivity and yesistames. Resistanss pattern with
Pendeiliin (P), Ryythyoapein (B), apisillin (A), Oxytetra~
ayeling (ONC), streytompeis (30), Chloresgheniool (C),
Ksnenyuin (R), Meowpein (), Gentenyein (0) ond Bulgha-
netbonygole (8) vere deternined and the results sve pre-
aented in Table 6.
of 62 1sclates the remaiming 168 struins wore resistant %o
Gentaapein snd only ¢ siveins were sensitive to Noompein,
ALl the 230 straine vers uniforaly resistent $o Fenisillin and
RByythrowyoin but shoued varying dagrees of sussptibility o
other drigs like Chlcrasghenicsl, Arpicillin, Cemtamyofd,
(Zable 69). The mmber of drug resistamt strains vere rela-
tively high, vihish indisate the pessidility of exchange of
geoetic material ('R* faster) dedwesa ebteris alloshthomms
basteria and myine mitechihonous uicro-erganisms.

Of the tetal mmber (230) of fselates tasted, vesy low
peromntage of resistence vas sesn %o exyletranysliine (1¥.2%)
and Streptowyein (15.45) OGverall seusitivity revesled that
Noouyoin (09.%%), Gentangein (73¢) snd Esnewpein (61.35) wvere
mest effostive followed in oxder of offisaey by SulSamsthexasels
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(52.65), Chlormaghenisol (27.8%), and Ampiefllin (23 ). The
Righ peremmtage of nisre~organisms resistant teo comsonly
Saking sy remedial measures.

In sea water Ji5 (%2/102) of the O-type ineluded resi-
stant ipolates and MK (%0/102) vere sensitive isolates. A
similer wvaliation Of sedimett date revealed that 50.0¢
(65/138 ) were resistant straine wnd M2 (53/128) vere sensi~
tive siraing. These figures ave eoupersdls suggesiing a
sintlar qualitative distribution of drug yesistames and sensi-
Sivity thyoughout the O-types isclated. Some O-types wre
iwvarishly resistamt, oiers sensitive but a mich large pro-
powrtion imolude semsitive end resistent sirains,

Although a similay smmber of O-type isclated from sach
awvirennent were found % inclads resistant fsclstes, the
astual proporsion of resistent to sensitive isclades in the
sedimsnt was higher than that found in sea water. Eowsver,
1% wes rure 90 isolate resistant strains from marine sedimemt
ol pon-aelestive nedia whareas in sea water 60 of all straine
isolated withowt sntidiciis selestion pressure were antidictie
resistant, 3tudiss on ses fish and other fresh wler missels
pudlished (Stephen gk al«s 1975) reveslsd e similar pattern
and 4% wey Do srgued that this 1s a reflestion of the eonsie
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dsrable pressure eried by videsyread use of antidistics
in enimals and Jemaid badngs in previcus years.

It 15 raperted that amiibiotic resistent 5. gald in
the intestine of mum is considersdly less vhen gospered %0
the inteating of snimpls is o matlery of sown enoourageent.
It may indionte that the disputed flov of resistance fasdors
fyon e sevage reservoir 40 wan is rother iinited but the
data of the pressnt study reveals that the lsvel of resistanee
of the total R J. gali flovs in sediment constitutes o
potentially importent souroe of ' festovs. The sbundanes
of anidiotic resistant straine 15 sn indiestion that e
inezessed peresntege of 1selates harbouring sn R' fastor
is slosely assouiated vith antihiotic yesistance strains.
Dourgee gh al. (1980) conpared the dilily of strsins harbour-
ing alveady 8 X' fastor 4o yessive maother R* fastor
plasuid, vith 1sclates not harbouring sush a plasmid and
obsarved N0 significend difference in their abilifty to yeoeive
the plasuid comdaining nev R' facters. Kmul in 0ellado~
ratlon wvith Veling (1978) isclated frem s sample of 123 bealthy
individuals 110 drug-resistent §. ggli etruing of which Dearly
WE were miltipls drug resistent §. gnll strains. Seversl
petterns of miltiple drug resistant (JOR) were sbserved and
B intereating finding of this swsvey wvas & mmh lowver OR
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ves deerved ameng individuals from yurel aress near Bowbyy
vhere sxposuye 0 wntibioties is less. Chvisusly frequent
exposures %o antiliotiss 15 respensible for the Mgh ceour
rones of R straine emtng the wtbenites. The pathway of
resistant snterepathic §. gali threugh food ehain is show
in Table 70.

TABIE 70. Pukilway of Basteria R’ R. sali into mm
from sswege eontaxinated marine erwironmest.

2" 28 g0ld _, Gemsitive and Threugh Through

from Sevage yesistant §. —=> sultured —> food ehain
28lh 1n ses fish or \]/
sty and aysters 5 Mam .
sedinents. fisheyy
I8 exists products
abwe
w’/ﬂm/?m;

The fishes that fesd in the peliuted areas eaf pick Wp
emtanination on the surfase of their gill or skin a8 well
a8 in the intestine. The traxeport of such basteria ly fish
uigrating int0 and out of pollutad avess is poorly wndarsiood
wad 1ittls 1s mown of thely Srensfer to men through feed
chain or by othar weane. It 15 kaown that potenitally patho-
genie becteris sach o8 &' 5.E. falls Galacmellss dizella
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and Clontridiug 2ezLXAREARG CoR gain entrence %0 warine

and estuarine areas fIm sewage and land yun-off and etmse-
@ently souprise a routs for tde pedentisl Sysmemission of
2" fustors from fishes %o mam. There is every pessidility
thet pathogens found in the marine enviremment esuld also
be isolated from marine fish. Therefere X' fastors of

B3> 88l wginating from sediusnts whish are deposited by
sowvage Wy omtridute the flew of R-plasuids from ses water
%0 fishes and $0 wan accordingly. Woskers Lovolved in

elamning in the fish processing fastory or in the housshold
aren slso exposed $0 Possidie risk of infeetion by these

resistant organisms. This powsidility is spportod by the
visv thak urban commnitiss harbeur significanily gyeater
sabers of yesistent ovgonimms thesm yurel comunities who
are less exposed %0 the use of amiibiotive for allments.

Whiehever viev 12 secepted sbout the spresd of B fastors

18 1is agreed that the use of antidioties has tho effech of
sedesting 3° Daoteria. Quite disturdingly all the Arams-
uissidle drug resistonse fastors from resistant §. aald

oonld alsv be tremsmitted to sersitive E. gold strains whieh
nay behave as ssusative agedt foF gastro-entaritis. Alse,
there is wvery possibility of exshange of genetis material
between wtoris alloshthomis bagteria and marine autothonug
basberia. In order to maintais the ghabiis (@ of Sarine
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environuent 1% s vary cssential 40 restriet the use of
aiidioctios as muh as Possidble for human, snimel snd
poulityy atlnenis end to Syeat the sewegs for Dacteria free
Bstuze before letting it into the vital marine envirensent -
the dashuatsrs, inshwre wvaters a8 well a3 offshore walers.
¥ith the aveilabls dala the estuarine emviremment of Cechin
esn b 1Mmified as pebential veservedr of 1' desteria
vith trassferrable drug resistomes.

(Y3 ad 17
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SUNNARY.

A "Studies on the ecoplysislagy of heterotrophis
and indicator Dasteria 4in the marine exwircoments of
Ksrala® vors sarried ocut based on the samples oolletted
in the Ceshiin backwater systen during April 1972 0
yebruary 1973, Maweh 197 to Febyuary 1975, July 1975
te June 1976 and in W inghore ares during Jemary to
Ootaber 1978, M oocaunt of the heterotrozhic bacterio-
oharts and tubles,

2. The distridution of wievebes in the Cochinm dask~
vater aysten is found t0 dDe sffectad maianly by momsoons
whel the oyganis s tworgenis mattsr Drowght dows into
the eoattal waters through the Paips river in the south
and Neriysr in the morth of Cechin baskvater is found to
be of ecisidershbls Lapertemes in the maimtenance of
niardbial 1ife in the imghore ewiromment.

3. Sauples from all the stations conteimed signi~
fisant gaantities of heterotrophs and fassal pollusion
indigators. Flaetuation in the musber of heterctrophis
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bacteris by the standard eount of T2 end eolifors
basteria st 37°C Gepended en the ecnemmtration of
ergenio substanses as pollutents st each station,
salinity end water Semperstuve.

b, The highest ocounts of total heterotroph and
indisator basteria wese eheountered at Staticon IXI
onring 1972-'73 and ad Station I during 1975-'76 vhich
vere sitiusted axound 2 te 3 kilowstres from the sevege
ontlet.

So The monsocn was charsoterised by gemeral desline
in the population of R. gall and coliferes and the do-
oreass in the mubey of eeliforms, fastal eoliforms,
rwmmwthmmh-
that of heterotrephis bacteria.

6. A3 vegards the sessclal dlstridution of bacteria
in 1972+'73 the maximm smber of heteroirophis basteria
had been chserved during the postmomsoon period. The
vary ab mmb as the counts detwesn months 4id. The
distridution was charsctearimed by overdispersion. 8ix
gemera were identified during 1972-'73 amd sghromabesiax
vas faund o be the douinent geows in all the seasoms.
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mwmtmmnmmot
Decesber and the minimus during Nevesber. In all the
were recorded during the wcheoon peried. In Stakion IV
nininmus oounts vere cheerved during the premotgecn
poviod, with an inervessing trend fiom the prewcnsocs
$0 PoStMONEOOn SERSONS .

During 197%+*7%, saximm eounts vore peecrded
daring wonsoon months. No sigaificant differense vas
poted in the tetal plato ceunt (TIC) betusen stations,
nonibs and reglons.

During 1975-°76, seasonsl variatisn in ses water
YaS Saugre, whereas in sediments variations wre prominent
dnring monsoos in Ststion I, end in postususocn momths
b 8%Aions II end IXI. The Getal plate coumts (TIC)
in mwascen MRths wvere less vhen eoupared %0 other twe
COREET0

7. The quantitative distridution of the hetero-
Srophie flova 1n all $he stations 1n the estuary wves
charasteristie of 1%s own whieh wes influenoed by the
conplex nierchial end chemisal prosesses o whieh thwe
stetdion in question wes exposed. Neverthless, the
bSasterial combent of She sedinents sampled was %0 a
large extent governed by Whs various sedisent properties
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end appesred more to De a fumotion of the eontent of
uiilisadle arganic matter.

8.  In total, 3 gwmera nemely Alsalissfes, REANAORORAS.
Likzia, sercssnes. Hwichacheriss. Ilarsbasiaxiunm,
Maxonsesd snd Ragdllng weve eneountered year after year
a8 the Sain cotistituent of dasterio-plankion in the
surfase vater as weoll sb sedimenis. The eosurrence of
Miaxosssss and Dagillys seess to de a characteristis
festure of sedimants rather than surfacs waber,

9. T™he couposition of dDacterial flors vas maah
Anfiunenced by fresh water from rivers and by weste valer
£300 sovage.

10. ALl booteria, Deterotrophs as well as indieators
sedinemts hardoured move indigemous heterotrophs wherees
sandy sediments harboured pollutional crganisms.

1. Consideradble uniforadly was noted, in the bio-
oheniocal reactions of a mmber of stvaing talen frem a
single waber sample and there was eomnsidersble varistion
in the reactions of siraing tsken from a series of samples
elther in the sane lasalily or st different staflioms ot
different times.
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12« Marine Dasteris o8 & gpreup, with their kigh
ongysetis potential yevealed by varisus blochemical
tests vere found, equipped $0 break down almest any
orgamnic uetter that essur in the sea, and he varisdility
usy be necsssary o adept Sheuselves yeadlily to &ifferent
subsirates.

3. e Ryusiee-chenisel quality of sea vater vas
1less 1nflueneed by sewaget water and & predoninant part
of the sedimenis 1n all the Mations swapled was sils
brought by rivers. Howswver, daring 1979-'76 ot Statim I,
the extent of extrephication due %0 #11t was very heary
resuliing in lack of sxypem. Bub all representatives of
ingisator backeria frem warn-blooded snimals wers ene
ommtared indicsting that all these forms ave sdaro-
serophilic in nature.

. The syreading of enderic basteria in sea vater
and sodimuts from sevage sullst to offshoze stutions
was extensive by stratifisstion, $ides and under waler
ouyronts.

9% large preportion ¢f Dasteria in the sedinnt
and nen-hmimem scurees) vather than 3. goli. §. 20kl
1s sonsidered move respousibls for faseal ocontanination
of sea valeyr colmuns than of the sedimmmd.
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%. o yredistebls maxisun wisrchial density eould
be correlated with yainfall, 8o the umpredistebls and
internittant syrearsnos of J. gall and other intestinal
basterial commnity may Do emelasively due %0 sevage
and drainage and not dus 90 rein water,

17.  The pressnce of §. gall snd Sixsnicccesus Lessalis
in sea waler and sediments indicated idat these erganiswms
esn probedly survive end sultiply vhen water teNperstures
are betveen 27.1 and 32.6°C, and at 3%o salinity of sea
valer,

18. W sprreciadle seascmal variation vas sesn in sy
of e indisators of dasterial pollution sxanined, The
saount of soliforms discharged alomg with fuscal vastes
vere large st times dut coliform levels are somgpvhat uni-
forw, way bde Mecmuse of thedr rapid die-eff dne %0 strong
infilnense of fasburs iiks tewperatire, salinity, oaxygen
sid basterieidsal astion of sea water and due o basterio-
phage attask. An iwverse relationship between the eon=
seniration of indigators and salimify of vater was found
to coour o & 99.9% level of signifiesnes. The souree
of fastal pelintion was of hungs origin in most of the
nonths as per the faseal index,
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19. Gram-dDagative rods constituted 9% of the isclates
in all the three years of obsexvations,

20. EamidoNemas, the potential degrader of erganis
uatter in the merine ecosysten dowinated the premonsecn
flora daving 197%~75 wvheress Algalisstes ond RARXAp were
nost sbundant during memscon Simes. Flszohagiaxiim, the
ormnge piguented bacteria were predominant in the shyto-
plankton blooms in the surfase vaters vhensver high
salinity and lov surfase OXygem Values were rocordsd.
Apart from 296 strains of heterotreshie bLasteria isolated
and identified, 36 speve-forwming Basillus were isclated
o ddemtified it 9 gemera during 1970175,

29, Bagterial spesies varied seasonally, but proteclytis,
1ipolytic and amylolytis astivity sppeared independsnt of
season, More isclates were proteclytis, tham lipolytis
or sylolytic. BEusywatic asotivities 4id mot vary signi-
fisantly, seasonglly snd were mot a reflgetiom of the
bacterial ganera present in he vater at the time, as no
strain passessed all the engymes.

22. Semples eollected during ‘Fed $ide’ fyom Station I
in migust 19% comstituted mainly by pigmented Dacteria

Iushestaxiin =4 Ragillug. B+ 90)8 was conpletely sbsent
in ses valer samplss Quring ‘red tide ', dut was present in
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sedinment samples. The high salinity and lov surfaee
oxygen values observed during that period and the inhi.
biting influense of oertain forws of yhyteplankton suech
o grmodinium, he blue-green algs, Irichadesaius snd
dlatons sush o Baurosisms o4 Thallaaiosiza on bacterial
aistridution La suggested.

23, The distridulion of individial speciss of hetero-
troghis nicro-organisus showed that some of them were
distridutad throughout in the sirface vater and bottom
sedinents, This indicated that a musber of heterotrephie
speciss develeping ok the lsdorvatexy media find organie
mibstansss suitable for their use thrcughout the entire
vater nass, from the suxfase %0 the bettom and that this
vas respengidble for Yheir wide distridution. Total hetere-
trophe wvere pesitively ocorrelated vith mitrate and phos-
phate ot ¥ level,

., The sverage mean rutios relating pethogens te
indisators vere 1 Saluoialla $0 MY total coliforms, 13
faseal goliforms and 9 fascal Sirmpieepaci for vater samplss.
Deta cellected from the inshore stations during Jumayy-
Csteber 1978 showed that Salmmalla Sselations ocoeurred
vith nearly 1005 frequensy wvhen the fascal ooliform e~
oentration wvas 2000/100 ml. In 825 of the cheervations
fessal coliforms smoseded 2000 for 100 ml suggesting the
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possidility of potential presemce of Ralmmalla in
these vaters.

2. The variety and namber of genera in the Salyinia
dsposits vere maximam in the pestucnsocn months and
sommty during momsoon wonths. Fopwlation of the 6
synegencus dasteria in Salyinia rieh inghoye sedimemts
eolleched during Jamuary-Octeber 1970 imsreased with
desveasing depth, Wut ¥he snsymatic estivities were
sixtlar in all the months,

88. A1l tbe 6 sywogencus dacteria from Salyinia
doposits had high pesitive ecrrelation with Sewperatuve
and mitrients especially yhesphates.

27. Sedimemt rich in Salyinia harboured highest
population of ¢ sywogencus bacteria irrespective of depth
in shallow yegioms. Iu$ a decling in the population
vas sbserved based on sedimsnt/water ratic of the emmnt
at 30 m,

al. Populstion responses to falyinia deposits wese
generally grester in sediments than 1in weter sasples.
e yeesen for the uievefieral yespouse in sedinents is
@» %0 the lideration of decouposing mtrients from the
Gsad and decayed Salrinis remains, which indicateithe
rols of miarebenthos in the orgmnic ayele of Cochin
beckvnters.
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29, The poliution mierches 1s0lated fyom the imshore
station during Jumiary So Ooteder 1978 were recorvded
wove 1in the southern stations vhen coupared $0 Derthers
stationse. Oenerally 100 = 1000 4imes more coliforms
vere detected in the sedimedd than in e water calimm,
No significant relstionshiy was cbserved between the
coeentration of organises vith Sempersture and JH of
he vater.

30. Faseal index vas eonstyugted vith the Rnfare-
basterial population snd faseal index ves found sigaifisang.

31. Random samples from the Deaches of Shankumighom,
Vishinjsm and Kovalas were callected for ecephysiologisal
studies of marine bacteria dering Jumary %o Juns 1977.
Benan bacterial straine were isolated from e¢linicel speci-
mens in the Syee Chitra Thirunal Medical Cemive, Trivendrus
and an asommt of the comparative study of warine dasteria
ed strains isoclated from humen Deings vas given om bio-
ehounical variations and anttbiogren typing. J. 880l
pe I 1sclated from the semples colleebted during 19735-'76
from thyes fiand stadions from Cochim baskwater was sub-
Jected %0 serciogisal fyying to know their enterepathe-
gmieily and Refastor (FIF - resistanes transfer faster)
to certain amiidbiecties. The significsnes of R-faoter
suggests that human pathegens in wvater may become resistant
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%o comon antidiotic therapy omee the bacteria infect
man or snimsls through ses~food fyom polluted sea vater.

32. /Most of the Ssolates, enscsuniered in the thres
beashes near Trivandrum (Shanlumaghon, Kovalam and
Vishinjam) beleng %o Pagudomsnas *pp. (37.3€), Coliforms
(37.2%) end Jexomgpas Syp. (20.95). All the isolates
vere non-pignent producers except 2 species of PaeudeniBal.
Citrate utilisation (Ae.v%) wvas found to be very high

in warine straing.

33. Maximum isolates, inclnding enterobacteria were
isolated from Shankamaghon death water.

». out 7% basterial straine isclated from g¢linisal
syecinens shoved high rate of ssscharolytie astion,

35. Comparetive studies of marine basteris with humen
pathogens isolated from glinical specimens showed that

both were bio-ehemically astive and the only difference
found wvas thelir sensitivity pattern Sowards antidbiotics.

36. The results of sntidiogram of warine bacteria
showed that miltiple drug vesistadee vas wore prevalent
than resistanes t0 one or %wo dyugs among marine basteria.
The prevalent pattern were PAC (Menieillin, Ampiedilltn,
Chloramphenicel ), PAEC (Penieillin, ampieillin, Erythro-
myein, Chlorsmpheniocol), PACKESC (Peaieillin, ampieillin,

Chloraspheniool, Kentamyein, Erythrowyein, Septran, Cephoron)
in this ordar.
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37. Nong of the marine strains vere resiotant to

Gentanyein snd only one strain wes resistant %0 Sephren,
Tetraayeling vas found to de resistent to only 2 strains,
3 strains veve resistent to Styeptomyein, 5 strains were
resistant %0 Xsnenyoin and 7 strsing to Chloresgheniool.

38, 1005 yesistanes was ensouniteved in isclates fyom
sarine ewiromment to enly Fenisillin, whereas 1sclates
from ¢liniesl specimens shoved 100K resistance to thres
antibiokies, 1.0, Penieillia, Erythronyein and Cephoren.
A higher pevesntage of resistant organisns vere noted
amcng human pathogens reiging from 50K to 60%, while the
resistent rate vas only Y« anong merine basteria.

39. Out of 3 scmeentrations of 10 aifferent wnti-
bictkiss wsed, the lower ccneentration showed higher rate
of vesistanes vith most of the Gram-tegative dasterial
straing frem ¢linical specimems tested though mush
differentiation in sensitivily was net noted Detwesn
uiddle and higher ecmsemtrstion.

%0.  The resistent rate was higher in Jarosgpas end
Iaevdommnas than in §. goll, schzonbasiex end Yibkxie
straing among waringe streins. The resistant rate among
oot polfeegens woo Bl dg O alln poormemion ()
Re anll strains. A higher rate of resistaiies against
comxonly used antidioties wes noted among Ininegn pathogens.
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L2 Oram-pesitive, scsgulase positive Alashvincooeus
PP, isclated from elimisal specimens tested in three
different conomfirations of 10 amtidioties showed higher
rats of resistance to s highest soncentratien of the
antidiocties.

h2. The high rete 2f ineidance of miltiple drug
resistant organisms in e 1ittoral valers of Trivandrum
indicated the possibility of R'-fector mediated drug-
resistant bLacteria also in this eoviromment, which eculd
transfer their resistance psttern to other gram-negative
pathogens. Such Sramefer would creats a pethogen with
forunidable capedilitiss possessing sthaneed infectivity
ond virulsnoe.

b3,  Oud of Wb R, a0l strains isclated from sediments
of Coahin baskwater only 230 isclates were sbjected to
preliningry serological determination of O-serotyping
and sntibiogren typing and seven R. gali ‘0! sevotypes
encountered and serotypes 026, OY¥5, 086, 0111, 0119,
0127 and 0128 were idemtified as entercpathie k. gald.
75 of the 0111 k. g2l serolype vas inggglutinable in
O-antiserun unless first heated at 100%.,  Exeept
O-ssrotype 036, all the other serotypes were isolated
also from sea waber.

W, The data also indisated that these 7 Yypes essurred
in sea vater at the level of Wi 3% £ and in the sedimnt
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at the lavel of 5.6, VWithin these O-iypes 76 were
found to be mmtibiotic resistant iselates snd 1% is of
interest that vith one emseption (086) all these ‘0!
types have Deen isclated from men faseal matter.

hS. Sensitivity tests on enterepathic §. g0l strains
fsolated from Coshin Baskwater showed a high ingidenes of
antidiotic resistance, DBased om §. gall 4distridution
the Vishinjan beash vas esmsidered $0 be most podluted
of all the thres desches studied. Evemthcugh Vighinjam
besth possessed move J,. gl than the desnhes of Shailnie
mghon and Kovalan the Shanksmghow bdeash possessed wore
anibioties resistant wiorcbes distingt from that of other
sites. All thess Temults suggest that the sarine suwiren-
nenrds of lsrala osh al80 bs identified a8 potential reser-
volr of amtidistic resistent bacteria vith (remsfursble
drug resistanece.

seolovoe
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Marine Bacleriology recently has attracted consi-
derable interest, and many parts of the polluted
marine environment have been examined for indicators
of bacterial pollution. As a branch of applied bacte-
riology the estimation of mariae faecal pollution and
the effects of faecal pollution on marine ecology is
one of the most important hine of bacteriological study
to-day.

The Cochin Backwater located along 09° 58 N
and 76° 15/ E is constanlly receiving large quantities
of pollutants by land drainage, industrial effiuents and
by sewage outflow. The pools for retting coconut
husk and also the tidal flow dump large amount of
organic wastes into the backwater. With all these
pollutants Cochin Backwater remains a suitable study
place ftor indicators of bacterial pollution. Prclimi-
nary reports of some bacteriological examipations of
Cochin beach sand have been given by Sunthakumary
(1966) and Gore (1971, 72) and even these are incom-
plete in the sense that sampling was done at random
and did not coveran annualcycle. Hence, the presens
work was aimed to study the occurrence, distribution
and seasonal variations of three indicator bacteria
pamely coliforms, faecal coliforms and faecal strepto-
cocci in sutrface water and bottom deposits of Cochin
backwater. The quantitative composition and inter-
relationships betweced difficrent microforms have also
been discussed.

Sample collection

The sampling sites in the bhackwater is widely
separated and have dissimilar sediment characteristics
and 13 directly influenced by monsoon cycle and local
inputs. Samples were collected from 6 fixed stations
from the Cochin Backwater from a depth of 10 m
with a Peterseca grab. The central portions of the
samples were immediately and aseptically transferred
to sterile patri dishes. Sediments of the sampling
stations I, I, IV, V, VI are black silty clay mud
deposits except station I[[] where the sediment was
yellow sandy throughout the sampling period, The



petri dishes with samples were kept in a sterile plastic
bag and held at 4°C until processing 18-24 hours
later. '

‘Sample processing

Petri dishes containing and samples were weighed
to take the initial weight of the mud. Then approxi-
mately 5 grams were taken in a sterile mortar and
pestle.  The mud was ground well and mixed with
100 m] of sterile sea water and plated according to
standard methods. The quantitative composition of
and interrelationship between different microorganisms
(B, F, A) occurring in sediment samples were deter-
mined. The three basic ‘indicator organisms’ Total
coliform, faecal coliform (E. ¢olitype 1) and faecal
streptococct counts were taken. The faecal coliform
and faecal streptococcus ratio offer a valuable iaves.
tigative tool in the estimation of the source of
pollution in these waters.

Seasonal cycle of indicator bacteria in surface water

The distribution of coliform bacteria in the
surface waters of Cochin Backwaters was studied for
a period of one year. The E. coli counts ranged
from 12/ml] in February to 93/ml in March. The
coliform counts fluctuated between 12x103/ml in
October to 425 x 1C3/m! in March. - The total bacterial
count varied between 95x103/nl in November to
656 x 103/m! in December,
and that of E. coli were found to be high during the
post-monsoon months, whereas the coliforms were
abundant during the prc-monsoon moanths. The
monsoon was characterised by general decline in the
populations of E. coli and coliforms. The coli index
(E. coli type 1) was found to be high during September,
‘November, Januaryand March. -

Seasonal cycle of general microflora in sediments

Fig. 1 gives the log counts of Total bacteria,
fungi, actinomycetes, total coliform, faecal coliform
(E. coli type I) and faecal sireptococci in the sedi-

ments during the pre-monsoon, monsoon and .post- .

monsoon seasoDs. High values of total bacterial
counis were'recorded in post-monsoon period Fupgal

counts followed the same pattern seasonally as total .

bacterial counts but always lower than the bacterial
counts. Actinomycetes were in the increasing trend
from pre-monsoon to post-monsoon season. However,
the period of maximum abundance of bacteria, fungi

and actinomycetes appears to be during the post-

MoNnsoOn season.

The total bacteria!l count '

The total microbial populations ranged from

. 1.67 x 10%/gm in September 1974 to 56.46 x 10%/gm

in Janvary 1973 (Table 1). Maximum microbial
population was recorded in post-monsoon season. .

"The bacterial - flora was maximum in August
(88.04%). The predominance of bacteria over the
other orgapisms in the sediment samples have been
found in all the seasons of the period of study. The
maximum number of lungi was recorded during the
post-monsoon season, the minimum being in the
monsoon period. The actinomycetes were poor in
surface sediments in pre-monsoon months but was
present in all the months. The actinomycetes were
recorded in all stations only in June.

The maximum B/F (Table I) ratio was observed
in December indicating the dominance of bacteria
over fungi. Such a dominance of bacteria over other
micro-organisms was reported by Last and Deighton
(1965) in the surface of living leaves. The maximum
B/A and F/A ratio were recorded during May.
Detailed studies are needed to understand the nature
of interactions between the micro-organisms in the
sediments of Cochin Backwater.

Seasonal cycle of bacterial indicators in sediments

Fig. I also shows the seasonal cycle of bacteria}

indicators. Seasonal cycle of total coliform is some-
what ditferent from the seasonal cycle of other
microbes.

Peak values were recorded in the premonsoon
season- Faecal coliforms (E_. coli type I) were found
to be abundant in the post-monsoon period. Faecal
streptococci values were somewhat same for both pre-
monsoon and monsoon period and were in the
slightly increasing trend from pre-monsoon to posts
moupsoon scason. Generally high values of coli-index
bas been recorded in July, August and September
1974 and also in February 1975, the maximum being
i n September- Faecal streptococci were encountered
in high numbers in January (Table 11) than faecal
coliforms but generally encountered in lower numbers.
than faecal coliforms. '

Maximum total coliforms were recorded in June
(88.63 x 102/gm) and the minimum being in November
(45.92 x 1102/gm). Faecal coliforms ranged from
10.42/gm in April to 39.21/gm in September. whereas
faecal streptococci ranged from 0.17/gm in June to
27.35/gm inJanuary.
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‘Waecal coliform - Faecal streptococct relatlonship ja
sediments '

The ratioc between faecal coliforms. and faeca)
streptococci ranged from 0.8 in lunuary to 6.2 in June
~{Table. H). Densities of -hoth faeca! coliforms and
faecal streptococci reflected considerahle faecel pollu-
tion entering-the Cochin Backwater. Station HI was
found to be highty polluted where high faecal coliform
- counts were cncountered throughout the sampling
-period. This may be due to the " mixing of polluted
fresh water from Ithi-puzha river system. The ratio
between .faecal coliforms to faccal streptococci were
- above 4 during April, June, July and August 1974 and
Fc'bruary- 1975 (pre-monsoon and monsoon months)
which shows that the source of pollution is mainly
-from human wastes. The source of pollution for the
- gest «f the months is from animal wastes.

Faecal coliforms ranged from 10.42/gm to
39.21/gm and total coliforms ranged from 45.9 x 102/gm
to 88.6 x 102/gm in June. Sediment which contains
more than 1000 E. coli/100 ml will harbour Salmonelia
species also.

CONCLUSION

The result of the present study shows that apart
from 100% sewage treatment by digestion and filtering
through sand pcbble-bed by the sewage treatment
plant, Cochin Backwater is constantly polluted by
faecal matter of human origin by the seven- drainage
canals and by other sources such as untreated scwage
from extraneous source and overflow soakpits.

The microbial flora of the Cochin Backwater is
dominated by pollutional organisms of eateric fresh
water and -soil origin. Sandy sediments harboured
more pollutional organisms whereas clayey sediments
harboured more indigenous organisms.

The presence of these indicator organisms in” all
the months indicated that these orgumisms can pro-
bably survive and multiply when water temperature is
between 27.6 and 37.09°C. So it is suggested that all
the effluent discharge including the storm water during
the monsoon months should be properly treated before
letting ‘into the backwaters in order to ensure the
quality of such a vital environment.

‘Table 11

‘Occurence of Bacterial pollution iadicator orgamisms in the Cochin Backwater for the perlod (February

“1974 to Jaouary 1975) together with ratios between F,‘?cal coliform avd ¥ vecal streptococci

TOTAL _ FAECAL FAECAL
-Month COLIFORM COLIFORM/gm STREPTO- FC: FS

102/gm COCClI/gm
January 51.74 2093 27.35 0.76
2. February 58.35 34.22 7.42 461
3. March —_ — —_ —_
-4, April 86.72 10.42 2.05 5.08
5. May 79.77 17.65 6.13 2.87
-0, June 88.63 10.54 0.17 6.20
7. July 53.16 35.50 7.50 4.73
8. August 63.69 30.08 7.08 4.26
9 September 46.40 39.21 14.37 2.72
0. October - — —_ —
11. November 45.92 27.85 26.35 1.06
12, December 52.60 27.03 20.36 1.32

293



DISCUSSION

8rl. Mia Khan

I wonder whether the work presapt coyld be made
more useful. Heavy pollution by T streplo-

coccl would affect the fish or the prawn. Has any
study been made on the bacterial pollution either
in the prawn, fish etc.

Mrs: V. Chandrika .

Counts of%%_'strcptococci arc done by our

sister organisation and hence I am unable 10 give
an answer.

o - AECAL COLIFORMS. -

gm.

-l

x - TOTAL BACTERIA. (103)
& - ACTINOMYCETES. (10%)

Sfl S. Sundarné ‘ ooe:

e - Cot
Apart from ssw etc. sny observation made oa the -
relationship between the intake of saline water] wa

bacteria.

Mrs. V. Chandrika

Regarding salinity tolerance, we bhave not made
studies:

Geperal comments by Dr. Sekharan .

Presenc: of pendric form of bucteria in food .
fishes are known. We are still io the process of idemti- -
fying the problems: Bacterial flora'study is being dome.

©° - FUNGI. (10%)
- COLIFORMS (102}
4 - RECAL STREPTOCOCCI.

o

PRE-MONSODN

MON'SOO

POST-MONSOON

Xz=L06 OF MICROFLORA No/

-

SEASONAL DIGTRIBUTION OF GOME MICROFLORA IN THE GEOIMENTS OF COCRIN BATKWATERD @
OURING- .THE PERIOD APRIL (974 0 FEB. 1979. @ .-
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