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Abstract:
The recovery characteristics of indicator organisms exposed to the aquatic environment were examined
using membrane filter Chambers.

The membrane filter chambers, containing pure culture suspensions of indicator organisms or natural
suspensions of raw sewage, were immersed in the stream environment at a number of different sites
having water of varying physical and chemical composition. Periodically, samples were withdrawn
from the chamber and enumerated using both non-selective and selective media.

It was observed that upon exposure to some aquatic environments significant proportions of bacterial
populations lost their ability to produce colonies on the selective medium yet retained this capability on
the nutritionally rich non-selective medium. Discrepancies in colony-forming units between
non-selective and selective media indicated that a substantial portion of bacterial cells may become
physiologically injured due to stress imposed by the aquatic environment.

The extent of injury was observed to be a function of the chemical and physical characteristics
associated with individual stream environments, since the amount of injury was not uniform for all
types of water environments examined.

Comparison of the recovery efficiency of various methods used to enumerate bacteria from water
yielded information indicating that, in general, multiple tube fermentation techniques gave superior
recovery of coliforms than did plating or membrane filtration procedures. The least efficient method of
recovery of coliforms, fecal coliforms, or fecal streptococci was by membrane filtration procedures.

The injury inflicted upon E. coli and S. faecalis by the aquatic environment was found to be reversible
and could be repaired rapidly in a medium such as Trypticase soy yeast extract broth. The observed
rapid repair of injured cells in a nutritionally rich, non-selective broth lends support to the use of an
enrichment technique to improve recovery of stressed cells. It was observed that a short 2 h enrichment
on a rich non-selective medium prior to exposure to selective media substantially enhanced recovery of
coliforms and fecal coliforms from raw sewage relative to recovery by direct primary exposure to,
selective media. Such an enrichment period appears to provide a non-toxic environment for the gradual
adjustment and repair of the injured microorganisms. The enrichment technique appeared to be
especially applicable to the membrane filtration procedure.
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ABSTRACT

'The recovery characteristics of indicator Qrganisms‘exposed to
the aquatic. environment were examined using membrane filter chambers.
The membrane filter chambers, containing pure culture suspensions 6f
indicator organisms or natural suspensions of raw sewage, were immersed
in the stream environment at a -number of different sites hav1ng water,
of varying physical and chemical composition. Perlodlcally,‘samples
were withdrawn from the chamber and enumerated using both non-selective
and selectlve medla.

‘ It was observed that upon exposure to some aquatic environments
significant . proportions of bacterial populations lost their ability to
produce colonies on the selective medium yet retained this. capability
on the nutritionally rich non-selective medium.: Discrepancies in
colony-forming units between non-selective and selective media indi-
cated that a substantial portion of bacterial cells may become physi-
ologically injured due to stress imposed by the aquatic environment.
The extent of .injury was observed to be a function of the chemical and
physical characteristics’ associated with individual stream env1ronments,
since the amount of injury was not uniform ‘for all types of water
env1ronments examined.

Compariscn of the recovery efficiency of various methods used to
enumerate bacteria from.water yielded information indicating that, in
general, multlple tube fermentation technlques gave ‘superior recovery
of coliforms than did plating or membrane filtration procedures. The‘
least efficient method of recovery of ‘coliforms, fecal collforms, or
fecal streptococci was by membrane flltratlon procedures.

The;injurylinflicted-upon E.-cqlz and S. fdeealzs by the aquatic
environment was found to be reversible and could be repaired rapidly in
a medium such as Trypticase soy yeast extract broth. . The observed rapid
repair of injured cells. in a nutritionally rich, non-selective broth.
lends support to the use of an enrichment technique to improve recovery .

- of stressed cells. It was.observed that a short 2 h enrichment on a
rich non-selective medium prior to éxposure to selective media substan—
tially enhanced recovery of coliforms and fecal collforms from raw sew-
age relative to recovery by dlrect primary exposure to. selective media.
Such an enrlchment period- appears to provide a non-toxic environment for
the gradual adjustment and- repalr of the injured mlcroorganlsms. The
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enrichment technlque appeared to be espec1ally appllcable to the mem-
brane flltratlon procedure. :
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Chapter -1
- INTRODUCTION

In evalqating the problem of detecting particular micrqorganisms
from specific sources, proper gonsideratibn must be éi&eﬁ to the in-
fluence qf eh&i;ppmental factors upon.detection-ﬁethéds. lConsiderabie
data are avéilable indicating that aftef-certgin exébéUres ;o'énvir6n~
mental streéé, Eome microorganisms ére.either physidlqgicall§ debili~-
tated or ihju?ed'to such an extent that significant problems arise
upoﬁ attempés'a£ detecﬁion and enumeration. -It should be emphasized
that this eﬁvifonmental stress may merely inj@re tHe ceil buf_nét:
necessarilkaili or destroy it. |

The.deéection of injuréd microoréanisms bécOmes_more complicated
by the use of‘géiective media. The enviropmentgl.coﬁditions_and/or
added.inhibifgfy agenfs utilized to alio& fof-devélopment of £he spe—'
cific types_béiné sought may, in-fact;véxert unsuépected inhibiticﬂ.
This shortééming_in_methodélogy occurs during the‘dselgf selective
media for qﬁantitative determinations, gé well as-fﬁiough the use.of
enrichment media that are desighed to encouraéé qﬁéiitati§e détgction
,sf specificrpathogens or indicator organisms; .

The.éombination of environmental stress with éubsequent‘ﬁtili-
zation of specifié:seleqtive media may result in significantly_iqwereq

‘recoveries_of injured cells. This phenomenon is fréquently encountered
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2
under condi£ioﬁs-where o;génisms are exposed to highly o2idiéing envi-
.ronmehts or.the;action of some chémical'disinféctanfs as well aé'in‘
certain types‘of;processed foods. There‘héve been a number of studies
on microbialléﬁryival and recovery concerned with the viability of
population§ aftéf they have been exposed tb;a-spécifiCykind of stress:
a population:is éxamined after,if haé beén heated, ffozen; driea; or
subjected to adverse pH, pressure, toxic qhemicals) o;.rédiation; At¥
tempts to di&ectly enumerate such stresséd‘populatiohs with conven-
tional selectivé media often indicate that a sﬁbsﬁaﬁtial pdrtion of
cells is injured or‘debilitated to such an exﬁent fhat they canﬂot pro-
duce defectable colonies on the selective media.-:Oh;y affer first be-
coming aware bfﬂvaridus envirénmental‘factors and'iimiéations'of
conventional ﬁethodology will thé microbiologist haﬁg[the aSility tq
aqhiéve somg‘degreé‘of maximal recovery of thé'entiie.viabie popu-

lation. -

Statement of PﬁrpoSe

The'suivival'characteristics of bécteria in aéugtig env;ron-
ments aré of ﬁtﬁost.importance_iﬁ the détefmination of bacferiolégicai
water quali£y5a£d,its implications concerning:public‘healtﬁ signifi~
cance. The3?urposé of the p;eseht research. is to détgrminé'whethér
the aquaticienVirohment has the ability fo‘iﬁdﬁce;étrgss ﬁpon a sig-

nificant proportion of cells such that' these cells'become
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physiologicaliylinjured.and.cannét:be detected by direct, convenfi&nél
--gelective procé@ﬁresﬁ The spgéific‘objectiveé aré“tq,éstablish éndﬁ
document the exiéht of inadeqﬁaciés and limitétiohs,df standara éfo;
cedures-uéé§ iﬁﬂtﬂe bacteriological.énalyges of saniféry ihdicator
_organisms in;ﬁéfufal-wateré and>wéstew;ters aﬁa‘to.cénsequently prof_
viée improvédimethods for greéte;Aefficiénéy'oﬁ fecéVéry of thoée

organisms which have been exposed to such environmental stresses.




. Chapter .2
LITERATURE REVIEW

Survival of Organismsain Water

Long before the'establishment of bacteriology as a science,

water was suspected of transmlttlng dlsease—produc1ng mlcroorganlsms.-

- Yet, not untll 1854 in England was it conc1u51vely establlshed that an -
epldemlc of,oholera had its orlgln'ln.polluted water.’ Since thathtlme,
many studies:and adyances in water research have been made to estab-
vlish the sontoes of organisms of'pnblic health importance and to de- .
velop methods and prdcedures-of.detecting( enumerating and_identifying
them.-:These,diSeaSes include‘typhoid fener, bacillary'dysentery,
) cholera; leptospirosis, and many others. 'The oausatinezorganisms of
‘these diseases are present in the feces.or utine of infected'persons
or animais; @hen'discharged,.they may gain entranoe into_a body oﬁ
water that nltimately serves as a source of drinking water.
Routineoanalysis of water for its bacteriological'qualitY'dOes
not include e#amdnation‘for water—hotne_pathoéens. Pathogens_ate
likely to gadn entrance to water spofadically and.afe'therefore likely
to be missed in a sample submitted for anal&sis. Additionally,
-disease-ﬁroducing organisms are nsualif present in-very:small'numbers
in comparlson to other mlcroorganlsms-maklng detectlon methods dlffl—

cult and COmpllcated. ‘Until methods for the detectlon of pathogens
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are improved,_i# is ngcesééry;to reiy on:gfoups of indiéafor orga-
nisms to detérﬁine.bactefiélogiqal'wafer éﬁality. 

It ﬁoﬁidlbe desirable to - find 6né'bactériuﬁlin‘contaminated_
water that Qouid indicate the presence or gbseﬁcé of nét-dgly bac-
terial enteric pathogens but all eﬁteric.aiseasé;pfoducing mic?obes.
With regard ﬁo selecting an ideal .indicator orgéniém;fthefe_a¥e'several
requirements'thét should be meé. Among thesé is tﬂé‘indicator orga-
nism should have the capabiiity of survivipg slighti& longer‘than the
hardiest pathogen in water (9,86). Much of the véiidity_of the bac-
terial indicétor syétem 1argély depends upop tﬁe féiative persistences
of the indiéatof organisms and  the disease-producing organisms in £he‘
water environment. If indicator bacteria sqrviveé-bf’pérsiéted at the>
same rate asjthé pathpgens, then waters showing the absence of ﬁﬁe
indicétor groﬁg'could be consideredifo be eséentia;iy‘free 9f patho-
genic microorganismé.‘

The éariiesﬁ studies conéerning sufvival of iﬁdicatof OrQaniéms
and pathogens Qere'initiated in the late 1800's. Most of these
studies utilized'a~closed envirbnmeﬁtal test system Qhereby a sample
of water Wasfcdllected and incubated in a boftle.“:Thé.bottle‘was peri-
odically sampled in order to construct gufvival curves. A limitafioﬁ.
of this téchn&que was the fact that the system wésuélbsed‘to the envi-
ronﬁent, not allowihg fér the naturai processes in éhe strgam.and their

resulting effects on survival to occur.

{5 S S T §

|
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One of the earllest laboratory experlments concernlng surv1val
of the typh01d bac1llus was by de Glaxa in 1889, as c1ted by Greenberg
(38). These studles showed that the organism pers;sted for 25 days in -
: heat—sterilized:sea water'bqt only for 9 days in raw'sea‘water. |
Jbrdan et al. (45)'also‘examined the viahility of.theltyphoid'bacterium
in water. They observed that the survival:time was in inverse rela-
tionship_to'the degree of_cohtamination:"the organisﬁ survived for
15 to 25 daya in sterile tap water,.but ohly 4 to 7 days in unsteri-
lized‘tap Qater.,'Also, they found that aurvival-waa'uSually‘less than .
‘4 days in rawlrlver water. | |
| On the other hand Wheeler (112) observed opp051te Yesults. ‘He
found that the greater the pollutlon, or presence of dlssolved mater-
ial, the‘lohger the survival. Also; Won and Ross (115) observed that
at a temperature'of 3 = 5 C survival of Eécherichia coli (E. coli) was
significantiy,enhanced in sea,water‘deliberately‘"pollutedf with smal;
concentratioﬁs of.organic‘materialsgincluding peétohe,‘heart ihfusioh,
casamino acid,'yeast extract, trypticase.soy, and;homah feces.
As reaearoh.oohtinued on sprﬁival of bacteria in water,.attempts

Qere made.to determine the.ihfluence that various inaividual‘factors,_
had on persistence. Such factors as.seasonal_variatiOn,'temperatﬁre,
PH, oxygen;feuhlight, toxic chemicaisi and predationlﬁere examined. A

review of‘thefearly literature concerning the importance of thése
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factors upon;suryival of bacteria in_soali water, sewage, and on veée-
tation was reported by ﬁudpl?s et al. (84). Similar_reviews of early
' literature on the survival. of microorganisms in sea uater were also
written (8,13,38,69,85,93).

A.considerable amount of literature‘has-accumulated concerning.
the relatiue'rates'of survival of the colifdrm:and-reeal streptococeal
groups. Pereistence of these indicator greups'was then eompared to
survival patterns of water—horne pathbgens:in order to:assess the sig-
nificance‘of'using‘indicatpr‘organisms as an indexrof sanitary water
quality. Allen et al. (1) examined several factore affectiné the via-
bility of i‘nd'icator organisms. Strept’ococeus faecalis (S. faecalis)
was not affected by the degree of oxygenatlon of the water, but Z, coZz
died much more rapldly under anaerobic than under aeroblc condltlons.
Also, a mueh hlgher concentratlon of nutrlents was requlred for the
.growth of S faecalzs in comparison to that of E coZ$: The effects
of certain environmental factors (temperature, pH;.turbldity,‘and
nutrients) on'survival of co}iferms were simiiarly examinedlhy
Kittrell and Furfarl (48) |

‘ Observatlons by Ballentine and Kittrell (5) 1nd1cated that the
.tecal colifermugroup rather than the total coliform group would‘be of
more value ae;indicator organiems since the fecal eéiiforms,erhibited

a more rapid rate of die-away than total coliforms. .They‘alsdobserved
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that death qﬁrves for fecal cpiifo:ms‘illustrated.a much slower-die—;

away rate in winter than in Summer indicating an inverse relationship

between.surviVél and température. Similarly, Platt-(71)'founa that
E. coli and Aérobacter aerogenes (4. aerogenes)*.persisted for a much

longer time at’0.C than at 37 C. Sutvival studies by Halton and

Nehlsen (41). indicated that very low températures.in,sea water tended .

to faﬁor.the persisténcé of large numbers of E..éQZi. :

Survivaljstudies of pathogens in_wéll‘watef by Masharipov (59)
revealed that survival of Shigella fleaxneri (S. flemxneri) and Shigella

sonnet (S. sonnei) was dependent upon the temperature of the water and

the degree of_contaminaﬁion.' In polluted‘Water,.S. sanéi survived

for 8 days.and S. flexneri survived for 7 days while their ‘survival

times increaséd-to‘approximately 15.days in-rélatively pure well water :

and'to 43—45 aays in Boiled water.. Examination of stored Sémples of
well water.for éoliforms and fecal_streptococci by Morris and Weéver
" (64) indic%tgd?that the tést for fecgl streptoéocgi Qas slighﬁly
supérior} since the numbers of'Streptocoéci neﬁef inc:éaseafin the
sample, while the numbers of coliforms might eithef increééé or de-

crease.

Nomenclature for organisms are cited directly. as used by the
author although changes in nomenclature have takén place since the
cited publications. : B '

:‘;
]
i
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Geldreich et al. (32) examined stored samplesvef stormwater at
1ncubat10n temperatures of 10 and 20.C whlch were inoculated with a

fecal coliform, A. aerogenes s. faecalis, and SaZmoneZZa typhzmumum

(5. typhzmur@um). Survlval studies showed_that the‘organlsms per—

sisted at higher levels at the lower temperature. -Also, the die-away
of S; typhimyriuﬁ was observed‘te reeemble that 6f”the.feea1.coliform'
strain more tlosely than.that'ef S. faecalis. |
Studiés-by Var Donsel et al. (IOS) on surviral of indicator
bacteria iﬁ'seil'ang its resﬁlting contributioa‘to_Stormwater pollua-‘
tion indicated.that survival in the colder months wae eonsiderably

greater than. that in the warmer summer months and that in spring and

winter the fecal streptococci survived much longer'than did fecal

coliforms. _Marlman and Litsky-(57)'also-examined-Eurvivabrlity of .
microorganiéﬁelin soil. They observed that chiferﬁe persisted‘in
soil for lohg:peridds while enterococci died out-ﬁﬁeh_ﬁore rapidly.
Additionally,, virulent typhoid bacilli died out iﬁ eoil.eﬁen'ﬁore
rapidly than the enterocecci.

Boyd et al. (10,11) conducted‘viapility studies-ef bacteria in

relatlon to .cold arctlc soils and waters. When pure'cultures of coli-

form bacterla ‘and fecal streptococci were employed zn situ, rapid

death was,observed for both, while an'lndlgenous;Peaudomonas species

tested in parallel with the others, showed‘greater stability to the

LI_K
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lagoon environmcnt of a polar region.. Survival of fecal indicator

bacteria in a subarctic Alaskan river during winter months when there

was total ice ‘cover and the water temperatiire was 0 C showed that éig—zv

nificant numbers of fecal indicator bacteria survived for extended -

periods of longer than‘7'days:(37),' The authors believed that this

high survival rate may ﬂave beehlcaused by one or'mcfe'factors such
as lower water'cemperature, total ice cover, cr_physical and'chemical‘
characterisficslof thé water. |

Andrc'et:al. (3) Studied thc lopgévity of fepfesentétivé spe-

cies of bacterial enteric pathogens in farm pond.WaEer; It was ob-

Li M

served that Salmonella species survived about 16 days, Shigella species

survived aépfo#imatély-lZ days, while A. aerogenes persisted.for a
considerabiy iccger time under tﬁé scme conditionc; JcYCe et al. (46)
examined thé'cﬁfﬁivél characteristics‘of‘entércﬁiruSeS and bacterio-
phages in farﬁzpopd w;tcrs and fOuﬁd thct entefovifucés were capable
of surviviﬁg long periods‘ofitime at temperaturés-si@ulating Fhe
yearly cxtrcmés of 4 and 20 C_ Bacceriophégcs qid ﬁot'appeaf co:sur-
vive for any éignificaht length of tiﬁe in the absence of their
parent bactericm, |

Gallﬁgher cnd'sﬁino (29)'storcd'5amplescof fiitér—stérilized
nutrient—rich.wactes frcm bcet sugar:lagcons éf lO and 20 é and ob-

served the survival characteristics of fecal coliformtbacteria and
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S. fyphimyrinﬁ. ‘Themdata indicated that the rates of growth and die-
off of both.species were differentdwith regard to changes in environ—:
mental conditions.‘ S. typhimurium was much more persistent‘than the
fecal coliforn at loW temperatures‘fndicating that'large reductions

in fecal co;iform concentrations maylnot necessarfly.be indicative of
conparative;rednctions‘in saimonellae. ” |

A nunber of studies have been conducted-concerning'the survival

characteristicsiof indicator organisms asdﬁeli.as-pathogens in'raW
sewage, treated-sewage‘and effluents, and wastewaters; Studies by’
-Wlley and Westerberg (113) on surv1va1 of human pathogens in composted
sewage revealed that 43 h- of compostlng will result in the absence of.
- Salmonella. newport (S mewport) and sther spec1f1c pathogens. Klock
_(50) used'mathematlcal~and statlstlcalmmultlple regre551on,procedures
to explain'coliform survival in Wastewater treatment -lagoons. In
..Iwastewater_and_irridation water, Wang,et-ala f109)‘found that survival
of 5. flernerilwas enhanced by the éresence of“IoWerEtotal‘bacteriai‘
counts as neil as temperatures lower than 15 C. Simiiarly; Butler_
and Ludov1c1 . (18) found.that organlsms 1nd1genous to wastewater sig-
nlflcantly 1nterfere Wlth suerval and recovery of salnonellae. Re-
moval of‘indigenous populations by membrane'filtratlon greatly |

enhanced survival and recovery of Salmonella species.
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Studies dealing“ﬁith persistence of 5aéte:ia in‘chlorigated
waters as'a ﬁ#nction of-ielative dosage and contagt_time have been-
conduéted by a nﬁmber of inves£igators, Bfezenski ét al. (lé)'fdund
that chloriﬁa%ion of sewaée effluent prévided‘én efféctive ﬁeans of
reducing éu¥§iVai*of‘SaZmoneZZa énd:ShigeZZa populétions; In con-
trast, stu@igs by Balléntiné and Kittrelli(S) iﬁdiégfed.pe:sistence
of pathogens;atxleast as'lbng aé fecal eoliforms; $$ﬁe%idénced by
isélation of SdZm0neZZa-specie$ downstreaﬁ from sgwééé discharges.
Deaner et él. (24) reported that fecal coliforms were incapable of_’
reérbwth beloﬁ_the ouﬁfall of a highly_treatéa waétewater éffluent.
However, Shpﬁafiet al. (91) observed that‘coliforms and fecal coli-
forms are capable of regrowth in chiorihated'éasfeWater both in' labo-
ratory and fiéld ekpé:iments. Additiopal;y, ip wés nétéd’fhat fecal
coliforms di& not generally show regrowth ‘to theiégﬁgléxteﬂt-as the
total coliform group. |

The'significanée of survival characteristics of éntéric bac=
teria in wild.ahimal feces has been examined‘by Géodrich et al. (36)
where it was found that bacteria of fecai oriéiﬁ'étg capable of sur-
vival in eik-@?oppings for a périod of at'leaét one'fear ﬁnder #atural
.conditions. Since Fair an& Morxrison (28) hafé shgw?,ghat'pathogens
are capable'of;éﬁrviving in high qualityiméuntaiﬁfWéferé, proper cqh-

sideration shoﬁld be given to the_possibi;ity that agéd-fecal droppings -
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may contribﬁﬁe-éubsténﬁiallyvto ﬁountaiﬁ stream contaminafioh.
Will et al. (1145 studied the persistence éf S. typhimﬁfium in ménuré
dispo;al ditéﬁeé under.lébqratory conditions: of a.model oxidation
ditch. It Wés.obéérved‘that the éathogens su;&ived‘fo; 17 days in the
model okidatién‘ditch at summer teméerétﬁfes of 20 € while ﬁersigting
for 47 dayé-gndéf winter conditian‘of 2 C.
éyliehﬁérg et él. (39) studiedlthe survivailcflbifid.bactérié

from fecal mdtter as c¢mpared with that of coliform bécteriaiaﬁd en-
terococcl ;#.water. once the coliform bacteria'had enfered the’phasé _
of reductioﬂfin”their numbers, there seemed to be no.distinct differ-
ence in the.rélative survival of coliforms gnd bifid_bactefié at room
temperature:%hiie enterococci exhibited a‘gxeater;degree-of persis=
tence.. Atkééfrigerator temperatﬁres‘éhé rélétivg;féductisn rates
were bifid'ﬁaéfgria>coliform bacﬁeri§>enterococci{l. |

. Cohéhiana Shuval_(22)vstudiea fhe SusiVél'éf éoliforms, fecal
coliformé, aﬁd ﬁeéal.streptococci in sewage-planté,.heavilYJpollutea'
fivers, a.iékg,'ahd drinking water SOurcés. .They féund that'the,fécal
streptoqocéi were.generally more resistant to»tﬁé:natural water envi- .
ronment andjpo.purifiéafion précéssgs than the othér'ﬁndiCQtor orga-
nisms; Aié&, éhe survival of fecal stréptoédcéi bé#ter_pagalleied the
bersistence’oﬁ énteric viruses fhan did coliforms.é-Evidence‘is alsd_

presénted-by,Burman (17) that indicated relatively Qreater ability of
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of'fecal strebtococci than E. coli to‘snrvivevin various natural .and
antagonlstic env1ronments. '

‘Geldreich et'al. (30, 31) strongly suggested that the presence
of fecal coliforms was the most accurate and rellable 1ndlcator of
fecal contamination by all Warm—blooded animalsi It was .found thatthe
survival pattern of the‘feoai coliform;more'CIOSely reSembled,that of

the pathogen S. typhimurium than that_of S. fdecalis (32). Geldreich

Y

and Kenner (35) found that the enterococcal group of the fecal strep— .

tococci: were con51derably more re51stant to dle—away than fecal COll—

forms in natural waters and that the species Streptocoacus bovis

(S. bovis) and Streptococeus equinis (S. equinis) were even more sen-.

-sitiﬁe to rapid die-away than fecal coliforms outsgide the animal in-

testinal traet{ Others (7,93) have similarly shoanthat the-surviVal‘f

time for S. bovis to be extremely brief in fresh water as well as

salt water.

Application of Dialysis Sacs and Membrane Filter
Chambers to Survival Studies

A method utilized in the early 1900's to stndy.survival of
microorganisms.in aquatic environments involved immersing permeable

d1a1y51s sacs or cells into the natural water habltat. The earliest

'application of this technlque was in 1904 by Jordan et al. (45) where-

by permeable collodion sacs containing typhoid organisms were immersed

[ Y
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in a Chiéagéndrainage canal. The_cqllodion sécs were.permé;ble.to
water allowing.the organisms. to be influenced direcﬁly by the-natufai
conditions iﬁ thé environment. The use of semi—bermééﬁle‘bells.or
sacs introduéesfcertain 1iﬁitations that must be prbperly consideréd.
‘Tﬁese include the fact that Bacteria‘are confiﬁed'in a localized area
of water and éié not subﬁect tojdiSpersion‘by dilution, adsbrption,
and séttliné;‘ Aﬁditionally,-the natural effects éf predation by pro-
tozoa upon bacterial pqpulgtions are not reflectéd gflthis.technique.
However, this_sfstem does permit thé susbendea organisﬁs to be in di~
rect contacthwith many factdrs.of the aquatic'enviionﬁénf{,inciuaing
PH, temperaﬁufe, diffusable hutriéhts; to£ic.substanéés,'&issolved

solids, and other chemical constituents.

Since the pioneering work of Jordan et al. in the early 1900's"

(45), dialy;ef materials have undergone improvements in quality,al-
lowing for a widé-range'of'applications. One of theée improVements
resulted in the membrane filter which is widélyAused'in‘various‘bac—

.teriological=investigations. ‘The membrane filter;la semi~permeable

membrane usually made of celluloée;acetate,'retains bacteria separate

from média-with nutritional requirements being satisfied by the dif-
fusion of'nutriénts'through the membrane. An early application of
the membrane filter was made by Beard énd Meadowcraft (8) in 1935 -

which involved the dévelopmenﬁ of a cell whose sides'Weré enclosed by

| 1
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membfane_fi;#érs. It was observed'that:populations of S. typhosa apd
E. coi%‘coﬁlq‘surﬁive'OVe; é pefiod of at'lgést qhe mdnthﬁin sea watefé

-Barfief and‘Slanefz,(7) placed permeable éacs'céntaining orga-—
nisms .in veéselé of’naﬁﬁral watexé in the labdratoryrahd sfu&ied the‘-‘
survival of.eoliforms, fecal coliforms, and-fecal streﬁtoéocci.
‘Slanetz and.ﬁartley (93’ expanded thé sﬁr&ival sFudies'bj suséending‘
cellophane di;l&sis sacs under natural‘fieldIC6nditibﬁs in sea water.
Coliforms and fecal coliforms*were found to increasé in numbef during
the firét‘4 days of expgsﬁré.to.sea'water, folloWed by a rapid.deciing‘v
. during the gex£s6 days. Fecal streptocoééi did notlincrgése in number
under the éame'conditions._'of-thé membérs of the feca1 stréptocbccal
group, S. bo@ié apéeared tO'be the most'sehsitive.tq enviréhﬁental
conditions'as réflected by aIQery rapid:die—éwéy péttéfﬁ.  fhe éur—
vival curves éf;suspénsions of ceils from pure culﬁurgé'of Salmonella
resembled ;hbse obtained\fbr‘E.'cozi; although the die-off rate was‘
somewhat sléWe;. | | | |

Hgndricks and -Morrison (42)'utilized diélysis sac techniques to
study the growth rétes of varibuS organisms ip moﬁntain stream Waterf
Results shoﬁed_that A. aerogeﬁes‘énd Paracolobqét;um:arizonae.
(P. arizonaé)‘were able to multiply_at a site in fhé stream.aboVe the
.gntraﬁce,of se&age efflﬁent while A.‘aerogenes,.P.-drizonae, SaZmonéZZa

senftenberg'(S.‘senf%enbefg), and S. flexneri could multiply at a site

| VR Y
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downstream from the entrance of the sewage effluent. The resﬁlts'sug— L ‘ﬂ

~gested that the environment of ﬁounﬁain_streams.ndt only can maiﬁtéin
popglations‘of ehteric bacteria‘but a%so-suéply éﬁfficiént ﬁptriénts
to initiate mulﬁiplidatioﬁ.

André‘ef;a;; {3) used,filﬁer—steiiiized ppnd:water inoculaﬁed
with S. typﬁimuriwwandAd aerogeneé in collodion dialyéis bags sus-

pended‘in‘giaés jJars filled with raw'pbnd water. ‘Ataambient'tempera—

tures, the Salmonella species persisted for 14~16 days while the

4. derogenes pdpuléfion wésvdetectablg for a‘muéh iopger period.
O'Coﬁﬁo}-(67) placed dialfsis cells.contaiﬂipé S. typhimurium-
and E. coZi<atiloéations abéve and below the outfaii of a sewage
treatment élﬁnt. .In all.cases, the fecal coliformiéﬁEVived longer -
than the Saiménella sbécies as reflecﬁed by f;Ster‘dié—away';ateé for -
the SaZmonéZZ& as.compar§d'to the fecal coliform;‘:Bofh‘Ehe fecal coli-~

>

form bacteria and Salmonella species showed increased persistences at

the site locétédrdéwnstream from‘the outfall.‘_Théfau;hoytattributed
this increéséd survival to the influence‘of incréésed ievels of bac~
terial nuﬁrieﬁts as a. result of the séWagg efflgepé éaﬁtribution to
the water.['Smith et al. (94) stﬁdied the survival of freshly isolated
| SaZmoneZZd,_fgcal qqliférm;\and fecal-séreptoéoccﬁs strains suspénded
within dial?sis tﬁbihg at several rivgr sites. Iftwgs dbsé;ﬁed that

the survival characteristics of Salmonella more closely resembled
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those o? the fecal colif@fm Fhan_thésg'cf feca; sfreptococcus‘orgaa
nisms,‘ | | | |

Majo;umbaifications by McFeters and Stuart (56) fesulfea in the
development of chambers with membrane filtér side walls speéifically _
designed,for'stuaies'of survival of bacﬁeria in nétural and.artificiél
waters. ComQarison uptake rates for indrgénicAions,.total'carbon, and.
glucose betweén‘standard viscose dialysis £ubing sacs qnd the newl§

designed membrané fiitér cﬂambers:indicated that the membrane'fiiter-

chamber provided-a.much‘fastér equilibration rate. Laboratory experi-=

LLLfl

ments using.ébhtrolledipﬂ indicated that optimum survival for a fecal -

coliform strain was between pH 5.5 and 7.5. Also, laboratory experi- | .

ments with'a.fécal coliform showed that'responée of}sﬁrvival to tem-
perature Qa$ inve£Sely ﬁroportional:betweeﬁ 5 and-15 é-but_aﬁove 15 C
this relétiqﬁghip Qas'less critiéaly“Field'studieS'Qifh thé same
ofganism indiéated that survival chéracteristics Qaried acqording to

different sitesfwhich yielded water having-differing chemidal and

physical chéraéteristics.‘ Using multiple‘lihear regreésion statistics,

Brasfield_fl?) found significant correlatioqs between populations of
coliforms or fecal streptococci.with a number Qf'chémical variables

in the water. .




19

Recovery of Injured Cells

Bacteria which are exposed to thé influences of a variety of

) environmentél'éonditions‘are-commqnly sﬁbjected.to stiess{ As_aire—
'sult, some of these stressed cells aré apparently,déhaged or ipjured.
These injﬁre&_éélis are not hecessérily killed or destroyed; hOWeQer,
rgﬁovery of this portion of the population may reéuipe appiication of
less restricéive.téchniques than presentiy utiiizéd with selective
media. In effect,‘the detection or enumération of non-lethally in-
Jjured survivoré of different en&ironmental étresse51hay be somewhat
impeded by the:preseﬁce of inhibifory coméounds iﬁ spécifié selective
media. The_aetéctién of such ihjured populatiohs of cells require an
improvenient qf the recoveff efficiency of media énﬁ methods. That is,
‘improved médié and methodslmust be devéloped in brdér to.manifeSt a
greater perééﬁtage‘of rééoveryuof environmentally stféssed bacterial
populations; |

Most studies concerned with the.vidbility of populations_after

exposure to stress have dealt in areas of the food industry. Popula-~

tions of bacteria in food are examined after exposure to.such stresses

as heating,'fréeziﬁg, drying, freeze-drying, and éther_proceSses.
Research in this érea has' shown that a substantiai éopulation of éells
-become debi;itated or injured to such an e#tent-tﬁét'they do not have .
the ability-té grow and produce colonies on conventidﬁal selective -

media direqtiyL

| I N
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Clark and QOrdal (19) observed that sub~lethal heat treatment of-
48 C for 30 min to S. typhimurtum resulted in 90 per.cent of the -
viable populatlon belng lncapable of produc1ng colonles on selectlve
eosin methylene blue agar‘containing 2 per cent sodlumTChloride, yet(
remained.capable of producing colonies on.a.rich;enon—selective medium. -
Similar losses in-recovery were observedfwithlBrilllant Green agar,-
SS agar, and desoxycholate cltrate agar.. Comparableﬂreductions'in
tolerance to_selective agents in‘recovery medla_as a:result of heat
injury havejbeen reported by Tomlins and Ordal (1045 ror S. typhimurﬁuﬁ
and by Maxcy'(éd) for E. acoZi. Ordal (68) also observed that sub~-
stantial heat 1njury to Staphylocoecus aureus (S aureus) resulted in
. reduced recoverles on selective media when compared to a rich, non-
selective medlum. |

Roth\et.al (83) observed -a communal growth response of a heat-
injured straln of E. coZt whereby sub-lethal heat treatment resulted
in two types_of_lnjured'cells; those able to grow-on selective media
when present‘in excess of aboutl400.colonies/Petri dlsh and thOSe
unable to grom on selective media when present in'ooncentratiOns below
the threshold‘level of 400rColonies/Petrihdish. lhe authors theorized
that an exaégerated communal activity phenomenon:ooeurred whereby it
was necesSarv to have a threshold number of ordanisms,present

(400/plate):in order to initiate growth in a selective medium,
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indicating that the normally aocepted 30-300 colonies per Petri‘dish

was not sufficient to detect injured cells.

Scheusner et al. (87,88) observed,tnat the aotiOnrof'sanitizing

agents_couldﬁindnce.snbstantial injury to varions microorganisms.

S. aureus, S; f&ecalis,-and‘several strains of E. ébzi were damaged
when exposed to a quatetnary ammonium conpound or representatlve hypo—
chlorite sanatlzers as: ev1denced by dlfferences in colony counts ob- .
- tained with=a complete medium-and those*obtained‘on‘c0nventlonal se-
lective‘mediaw étersky and Hedrick (99) observed that ‘the growth of
airborne coliforms and Salmonella new brunswick (S; new brunswiék)

was reduced or inhibited by selective media when'COmpared‘to growth

on a rich standard plate count medium.

Cold.stress‘resulting from either sudden exposure or prolonged -

exposure belon.growth,tempefaturesfhas been shown'to reduce - the
ability of éeiis to recover on selective media. Metanolic injury to
bacteria at"sntfzero temperatures has been demonsttated by‘Straka and
Stokes-(iOl) with Several species of Pseu&bmonds and with E. coli.
Slmllarly,'strange and Dark (102) observed losses 1n recovery of

A. aerogenes_as a result of cold shock. Ray and Speck (81) found that

more than 90% of the surv1v1ng cells of E. coli were 1njured follow1ng

freezing in water at -78 C. Also, Warseck et-al. (110) observed that

injury to E. coli was substantial after freezing the organisms in
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water or sterile foods since inju;ed survivors were inhibited from
ferming colenies on violet ied_ﬁile agar or deox&cﬁoiete 1actosezagér.

Maxc?e(6b) found that repeaﬁed.cycles ef freezing‘ané ?hewipg
'were accompanied by an increase in the extent of'eon?lethai iniury;
which‘prevented recovery on selective media for a-Strain of E. coli.
Similarly, Rey and Speck (78) determined that freeéing an agqueous
suspension of éﬂvéoli at —78 C for 10 minh followed byithawing in
water at 8 C for 30 min'resulted in 96% of the surVEVipé.population‘
being injureé'as they failed to ferm colonies on a @edium containing
0.1% deoxychelateg |

Sorrells ‘et al. (97) observed that Sa'ZmoneZZc_i gallinarum
(S. gaZZina?ﬁmi showed metabolic injury after freezing. éhicks were
then inocula;ed to eveluate the‘pethogenicity of such injured cells.-
The study showed no significent differences at the:éé%‘confidence
limit between the pathogenicity of 1njured and uninjured cells.

Ray et al. (76,77) examined the effects of freeze~dry1ng:en
Salmonella cmatum (S. anatum) and found that 70-909 of the surv1v1ng
cells were 1njured. After rehydratlon, "these 1njured surv1vors falled
to grow on a selective platlng medlum contalnlng deoxycholate, but

could form'colonies on a non-selective medium.
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Repair of Injured_Cells

In order to,recover those cells which have undergone stress and.

resniting injury; it is necessary that such celis ha&e the opﬁortunity
to repair themselves before‘they can multiply and divide. The condi-
tions under which damaged cells can repair‘themseivee varies with
strain and séeeies. In general, appreciable‘reéairlfrom injury is ob=-
tained by firet exposing the injured celle to a'rieh;‘non—selective
medium tor a ehort'time'to permit-reeovergjprior'to use ofhselective
media. 1In effect,ythis results ina pre—enrichment period in order

to allow repair'of_damaéed cells rather'than direct.érimary'exposure
to conventional selective media. : . |

Clark et al. (l9)_showed‘that when’heat—injnred S. typhimurium

cells werehp;aoed‘in a suitable mediUm(eueh‘as nonfeeleetive trypti;
‘case soy broth,nthe eeiISLrecovered‘rapidly, restoriné their ability |
to groﬁ on eelective media.; Similar reéair of heat;injured oréaniems
has been demonstrated by several workers (61,68, 70 98, 104) ‘ Aleo,
those mlcroorganlsms damaged by freeze—drylng (76 77) or freeze—lnjury
(63,78, 79 81 '110) have proven to be capable of repalr of 1n3ury upon

exposure to‘rlch media prior to the use of spec1frc selectlvevmedla.

Injury as a Result of Laboratory Manlpulatlon

In addltlon to the effects of using selectlve medla upon re-

covery of injured cells, a considerable degree‘of 1n3ury can.be

LS
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initiated through sommon'iaboratory manipulations. The possibility of
‘laboiatory iajury must:be‘recognized in order ts,corfectiy evaluaté
the'cause of -death or injury so-bacterial poéﬁlatidns.

The physiological age of pure 6ultarés ussd'forAsﬁrinai
studies has been showh‘to ha&e definite:ihfluenceAﬁanfresulting per-
‘sistencs patferns. Allen et-al. tl) observed that- young cultures of
E;‘coli and ‘4. aerogenés were more sensitive to eavironmental stress
in water andisﬁat’thé survival of bofh‘organisms insreased\as older
cultures of-24'and 96 h were utilized. fsstgate andiHunter (73) simi;
larly observed that populations of A. aerogeﬁes harvested from the
stationary éhase of growth were often less fragile tpan those from the
exppnentiai éhase. ~Strange and Dark (102) found csmparable results
for another strain of A. aerogenes. Cultures of Pseudomonas
aéruginqsa'(Pi:aerﬁginosa) incubated for 7 days were found by Skaliy
and Eagon (92) to be moie resistant to dessication.tban 6 or 24 h
cultures. |

In préparing suspensions of cells fsr.enumeraﬁion, diluents are
frsqueﬁtly neédsd. Straka and Stokes (100) have established that
rapid and e#tensive destruction of bacteria occurs in many'commonly
used dilutiné fluids; namely'distilled, tap,'and phasphate water, and .
.saline. A}iarée number of other inves;igators (40,66172,807102,167,

111) have extensively examined the influence of a variety of diluents




el 7 Ll Pl

25

‘upon recovery of mlcroorganlsms from dlfferent env1ronments. \Hall.
(40) and Straka and Stokes (lOO) advocate the use of 0 19 peptone |
. water for routine laboratory.dlluents. Weller and Hartsell (lll)
.preferred the use of 0.1% tryptlcase for the recovery of freeze-
injured E.'cbZi'cells. Wagenaar and‘Jezeski'(lO7) established_the
appllcablllty of a gelatln phosphate buffer to max1maze recovery of
Pseudomonas putrefacv,ens (P. putrefaczens)

The-spec1f1c technique utlllzed_to enumerateﬂmicroorganisms'
also has‘considerable influence upon‘death and injurv to cells. _Comv |
parisonhof:the_epread‘or surface plate technique with conventfonal.

. Pour plate-procedures by Buck and Cleverdon_(16)Ashoped.marked super-
iority of recovery using'spread plate techniques.'_Apparently, pouring
. 46 C agar over‘cells resulted in substantfal ioss.of recovery'in com~ -
parison_to;spread plate procedures; Van.Soestberéen and Lee (1065

aiso ohserved-that Surface piate methods gave greater recovery &ffi-
.ciency than_that:of pour plates.,‘Recently, Kleinland Wu;(49) ob~
served that-heterotrophic microorganisms in water Samples are suscep-
tible to the_transient strees of warmed agar used‘in the standard
methods pour'plate procedure, causing,significantlyxdecreased recov-
erles in comparlson ‘with a surface plate technique. -

Ray and Speck (80) enumerated statlonary phase cells of
‘E. coli by the pour plate method on Tryptlcase .80y’ agar contalnlng

0.3% yeast‘extract, violet red bile agar, and deoxycholate lactose
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agar, and hf,the most probable number method in Briliiant Green bile
broth and lauryl sulfate broth. In general, numbers.detected.were
lower with theﬁselective solid media and'hioher;with the selectime
liquid media:' The lower detection’on selective:eolid media was thought
to be partly aue_to the Strees induced in some ceiis by the tempera~
tures of the:melted media used in the pour plate method.-‘Aiso, it
was observed that higher detection on selective agar media was effected
by surface Qiatihg or‘bf surface-overlay plating.of cells. |

Wareeoh'et al. (110) examined enumeration'procedures for in~
jured cells"of E. coli -which had‘been'damaged by being frozen in water
or sterile foods at =20 C. The injhred survivors were inhibited'from
forming colonles on selective solid media, and thls 1nhabrtlon was
greater wheh enumeratlon was done.by the pour plate method as com-
pared with the-surface or surface—overlay method. Addltlonally, it
was observed that platlng .procedures gave more: reprodu01ble recovery
of collforms than did the most probable number method using selectlve
liquid brothﬂ. The greater degree of varlabillty with enumeratlon by
selective 1iquié media was considered to be a serious 1imitation.of

most probable number methods.

Injury of Cells in the Aquatic Environment

There is‘a dearth of available literature cohcerning the possi-

bility that substantial populationS‘of injured bacteria exist in
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water, wastewater, or'sewage as_determined hy Comparisonvof detection
and enumeratlon on non-selective.versus selective media.. In contrast,
a considerable amount of published research is available dealing:with
comparlsons of recovery eff1c1ency between multiple. tube methods and
the later developed membrane filtration technlques.

Wang et‘al.'(108)‘were‘among the first to disoover that sub-
stantial loSS-in recouery oocurred when using selectlue media,dlrectly
in attemptlng to enumerate mlcroorganlsms in sewage. 'The’results
showed that S flexnert added to sterlle sewage would not grow on
selective SS agar when transferred‘after46 to 24 hours exposuref On
the other‘hand;.transfers to:LBlagar, which did not contain,any in;
hibitory‘agents} indicated that‘the organlsms’were_actually Viable
and capable of producing detectable oolonieslv"This phenomenon‘was
also found to be true but to a lesser extent when desoxycholate cit-
rate or MacConkey's agar were tested. Although the authors did not
establish the ooncept that-a.populatlon of 1njured cells was respon-
sible for thls:phenomenon, they stated that awareness should be made
- that sewage,negative for‘ShigeZZa'when cultured on.selective media
may, in- fact, contain viable cells if a less 1nhrb1t1ve medlum‘were
used; “

Andre.et al.l(3) similarly observed that losses in recovery of

bacteria from farm pond waters occurred upon use of selective media
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directly. A:sgépgnsiqn erS.‘ﬂewport Was:exPoséd'to.farm poﬁd water '
usiné tﬂe diéiysis.ség techniquek' A suspénsion of-A; aerﬁgehgs Wé;
expoéed in a.second diaiysis sac immersed in the séme ﬁétef. Samples
were withdraWﬁfas~a function of time aﬁa paraliel_énumeration of
S. newport was made using both SS égar‘aﬁd the,less inhibifory
MaéConkey agaf.'_lt was observed that‘thg SaZmbneZZé count ébtained
with MacConkey agar was éonsidérably higher-than tgat.obtained with
the more seléctive SS'agar. farallel éountg of A.lderogeneé 6n rich
tryptone gluéésé egtract agar and selective Viole£_¥édﬁbile agar also
showed that_coﬁﬁts on the rich, hqn-seléctive medium Qere signifif
canﬁly highe:_fhan[on violet red bilé agér;” The authors staté_Such.
' results sqggéét that éxﬁoSuie'ﬁo'the fafm pond water led:to sdmé al—’
teration in'physiology:éf S; newport and 4. aérogénes”réndering éheﬁ _
less fit for growth on specific sélective media. |

Enrichment Methods to Improve Recovery of
Bacteria Firom Aquatic Environments

In an a££empt to improve the recovery of cplifbrms from aguatic
Venvironment;i sevéral workers ha&e dé§eidped enrichmenf'techniques for "
use with thé'membrane filtration method. In:geheral, a non-seiective
nutrient mediﬁm has beén recoﬁmended for the preliminary-enrichment-bf
organisms oh~#he membrané filfer'prior to-tfansfer ﬁo'SPecific selec-

tive media. Laﬁbausdh‘et_al; (51) and Levin and Laubéusch (53)
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observeq improved coliform recovéfy when incubating mémbrane filters
for 2 h on a rich ehrichhent'brbth'prior to transfer 'to selective'EHC
Endo medium:fér.final.inéqbation.of.16 to 18 h: ‘Similérly, Cléfket:aﬂ.
(21) examinéa.the’recovery 6f-colif6rm Q?ganisms f;bm wéte; eﬁploying
sélective Eﬁé.broth fﬁllowing pre;iminary-enrichmént on ; non- |
selective mediﬁm. |

Clark é£*a1.,(20) déséribed the use Of”an enfichment medium,
Alﬁimi M 1§étose brdthj‘in conjunction with‘a modiﬁiéd_Endo broth fpr
the detectiénwéf'coliforms by membrane filtration pfOCédufes. They
compared coﬁntslébtained'by the membrane filtfétiopiprécédure to stan-
dard plate counts made wi£h-ngtfient agar and found thét reeoVéty‘of
‘colifdrms by the enrichment membrane filtration tgchpiéue,Was.at
least equivéleht-to that obﬁéined-by'tﬁe\nutrient'égar piate counts.
Kabler (475.anaAShipé and CaﬁefOn,(90) réporfed'B§c£q¥ m‘Enrichment
broth (Difco)jas a‘satisfactory mediu@ for the énticﬁﬁgnf inéﬁbatipn
‘pe;iod prior to transferring the membréﬁe to éelédtiye Endb'medium;
McCarthy et gi;:(SS) confirmed‘the impréved‘redovery effiéiéncy_of‘a
two step meﬁbrahe filter procedure using léﬁryl.tryPtése broth as the
preliminafy.en¥ichment medium priorftd transfer to se;ective'MéEndo
agar LES. | |

Recbgniﬁiog of the fact that losses in reco?ery oficoliforms

may occur whén uSingrselecﬁive~medié,&ireétly*is'fdund'in'thé l3tﬁ
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edition of Standard Methods (2). As an alternative to the direct ap-

plication of.seiectiVe.MjEndo medium when.usinc membrane.filtration
procedures, an'enrichment method.is presented. The enrichmentctech-
nigque consists of.placing the membrane filter through which the sam-
ple has passed in-a Petrl dish containing a sterile absorbent pad

saturated Wlth selective lauryl tryptose enrichment broth. The mem-

brane filter_is:then incubated on,this enrichment medium for i -2h

at 35 * 0.5 C, after which the fiiter is stripped from the'enrichment'

pad and rolled onto the surface of selective M-Endo medium. Standard

Methods (2);states'the_folloWing'when'attempting‘to determine whether

enrichment techniques should be utilized:

Generally speaking, an enrichment procedure w111 glve the best
assessment of the quality of drinking waters. However, this’
‘step may be eliminated in the routine examination of drinking
water where repeated determinations have shown that adequate .
results are obtained by a.single-step technic. Enrichment is
generally not necessary in the examination of non-potable
waters or sewages. - '

Rose .and Litsky (82) advocated the use of an.enrichment pro-
cedure for use with the membrane filter‘technique'for'the detection
and enumeration of fecal streptococci in water. . By the use of

peptone—yeast extract—Ca51tone (PYC) enrichment medlum, the recovery

of fecal streptococci from river water was increased more than twofold-

over that of direct application‘of M~Enterococcus agar. . Two enrichment

incubation}times‘were examined, 3 and 18 h. It was‘the‘author*s-
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opinion thaf.a:é h enrichment‘ihcubatién was sufficiept since Ehére'
was no apprééiaﬁle différénce-iﬁ counts betwee# 3 and 18 h‘enriéhment
-incubgtion. THis eﬁrichﬁent technique has been adbbtéd in an apéli4‘
cation manual for analysis Qf water and ﬁasﬁéwater-py the'Millipore-

Corporation (62).
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Chapter 3

MATERIALS AND METHODS

Source of Test Microorganisms and.
Physiological Identification

Microqféanisms used for pure culture studieé'consistéd of indi-
cator organisms that had been isolated from wéter_samplgs dr from
cattle fecalﬁdroppings at: the microbiology-labeato;y_of Montana State
University, deeman,‘Montana:'.Ail coliform oxganiSms were reisolated
. on eosin.me£ﬁyle£e biue (EMB) aga;'(Difco) to ehs@fé puri£y of the
strains; Individual coloﬁiestere'inbcuiafed to frésh-s£0ckvculturé‘
agar (biféd)ﬂslants, incubated-for‘24fh at 35 C, thenjéfbred-at 7 C
until use. :Fgcél streptococcus strains were reisolatéd on KF strep-
tocdcpal (KF{»agar (BBL) aﬁd:individﬁél‘coloniesvwere'ihocglated as
deep stabs info'Trypticase séy'agar (Diféo’ containiné;O,S% yeast
extracfl(Diqu) and incubated at 35 C er 48 h.: éulfﬁres=Were stored
~at 7C unfii3héeded; Traqsfers of éoiifbrm ahd.fécal'stréptOCOcéal_
strains to ?éspéctive fresh sﬁock culturé,media wéfé;madg at'4iwe§kn‘
intervals.

Fécdlgéoiiform organisms ﬁfilized in the sﬁﬁdy and their
' Montana Stété Upiversitf labeatbrf cultufe identificatiOn numbers
Qere as foii@wsé E. coZi‘C32OMPZS,-iS§lated from'fresﬁ cattlé‘fecal
‘_dr--opping;s;_':E;_ colé Wwe9s9, E. coli RC1435, and E. coli EC2075 all iso-

lated from water. Fecal coliforms were considered to be those
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drganiéms giyiﬁg a ++fT.IMYiC’péﬁternfin‘combinatigﬁ with the produc-
tioh o? g#s within’24 H ffoﬁ‘Eé médiﬁﬁ‘(Difcd) wheniiﬁcubatedVét ﬁhe
elevated temperature of 44.5 * 0;1 Cliﬁ a ;ater batﬁu | |

. Non-feéal.coiifofm oréghisms utilized.werefthOSe.displaying a
-+ Iﬁvic péttern without production of gas frém Eé medium at the
elevatéd teméerature of.44.5 + 0.1 C. Theselorganisms were élassi—
.fied'as Enterobacter aerogenes (k. aerogenes) apd_%ere identified

with the following Montana Staté'University laboratory culture iden-

. tification numbers: F. aerogenes RC1282 and ‘E. aerogenes EC2072, both .

isolated from water.
In addition to the classical IMViC and elevated incubation tem-
" perature determinations, - these cultures were also.subjeéted to an ex-

‘amination for;métility and a series of‘bigchemical=ﬁests. These

LI

included the ‘ability to produce hydrogen sulfide. in triple sugar iron .

(TSI) agar, urease, lysine decarboxylése, and ornithine‘decarboxylase}‘{

and tq férmenE carbbhydrates such és giﬁco;e, laétoée;'manpitol,
Qulcitél, sorbiéo;, and‘arabinoSe.when presenf_in_a.br?;h medium at
0;5% concentrations. Preéaration of these media (Difco) Was'accofaing
to manufacturer's.directiohé. Interpretafions of'résults aﬁa classi-
fication of;the,culturés waé éccdrdiﬁg to Edwards ahd Ewing (25).

" A nﬁmbég éf'feca; streptoééccus'st#ainéiwéfeﬂﬁSQQ for pure_cul;

ture studies and were giVehfthé following Montana Staﬁe University
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laboratory culture identification numbers: 8. faecalis ESL913,

S. faecalis BsS692, S. faecalis BS905, S. faecalis MS304, and .-

S. faecalis RS1009 all isolated from water; S. faecium BS895, isolated .

from water and S. faecium ES2017 obtained from raw,séWage;'S. fuecdlis

var. liquefaciens ES1730 and S. durans GS255 both isolated from water;"

and 8. bovis CKF20 and 5. bovis C3SE17 both isolated- from fresh cattle

fecal droppings.

A series of physiologicai tests wereé utilized in the identifi-

cation of these microorganisms. These included the. ability to grow_in 

ethyl vioiet gzide (EQA) brqth,-6.5% NaCl, and brain heart infusion
'(BHI) broth.ihéubated at 10 ana 45 C. .Alsq, the oféanisms were ex-—
amined for-fhe abilityvto form ammoﬁia f?ém peptOne.brbth,lliquefy'
gelatin, hyérblyZeIStércﬁ, reduce potassium te;lurite, and produce a
catalase enzyme; Fermentations of-élucose, lactose, mannitol, dulci-
tol, sofbiiq;, arabinose, melezitose, ana melibiosé-we;e determined -
“in a.broth.medium cohtaining 0.5% concentrationsiofgfhe réspective'
carbohydraté. ‘?reparation of media’(Difco) was éccording,to the
manufacture¥'s difegtions. Classificatioﬁ accordiﬁg to ébecies was
based on Ayres ét al. (4) apd Muﬂdt (66) .

A stréip of KZéEsieZZa pneuMbniae (X. pneum&ﬁi&e)'was also in-—
cluded inﬂtﬂe pure culture sfudy. This culture wasiobtaipéd ffoﬁ |
Dr. D. W. Duncaﬁ 6f'British Colurbia Research and.§é$'designated as -

K. pneumoniaejlssl. The organisim had been isolated from water.
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Complete.cultu;al identificatidn Was‘baSed on those biochemical_fests

previously descfibed for the.coliform'groﬁp.

Membrané Filfer Chambers

Membfaﬁe_filter chamberé were utilized foriétﬁdyiné survival
and reCoyery.cﬁéracte;isfics of badfefia in étrgaﬁ énvifdnﬁehts. The:
chambers émpidyéd in the study were those developed‘bnycFeters and
Stuart (56). ‘ghémbers-ﬁere constructed- of 6.5 mm gléxiglaés,(Figuresil
and 2). The 1umen in.thé éentral spacer'wasf6vcﬁ>in diameter, which
accommodated a 20 ml,saﬁple when the'éhamber was assémbled. _Tear—
resistant microwéb membrane sheets (WHWP 304 F1, Millipére Corp.) with
a pdrosity of 0;45.micr6metéf‘weré cut into circular pieces with a .
.diémetervof'?;S cm. These were inserted on eitﬁeriside éf the central
spacer and héid in place by the two 6.5 ﬁm ?lexiglés retainérs. The
total surface area of the menbranes in thevchamber*was'56f8‘cm2; and
the surfacé area to volume ratio was 2.84;'_' |

Two i8 gauge hypodermic needles were fitted:into.the_top of-
thé central. spacer Eo allow filling.and Withdrawal of samples. Tygon ' -
tubing‘was attéched to.one,of the needles Eo allow sampling néar the
bottom of the. chamber and to help promote’ adequate mi#ing'when‘sémpled
with a‘l'mizéyringe. Removabie:aust caps, made bf filling the ends
of piéétictsffingéSFwith plaétic cement;'Werenplaqéd'in‘theutop opening

. of needles .to prevent contamination.
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Figure 1. Schematic drawing of the membrane filter chamber.
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Figure 2. Photograph of a membrane filter chamber that is assembled
and ready for use.
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The Pie#iglass parts of the chambers and the dust céps were
sterilized‘by aupoclavipg for }O min at 121 C and 15 1lb pressure.
Membranes ﬁé;é sterilized\on each side for 15 min using'ultraviélet
light. InfearlyngPeriméhts, fhe membranés we:e.éoaked in sterile
'pHOSPhate bufféred'water (2) for 15 min prior tolassembly of the
chambefs;'.waeVer, fembval of,the membranes from fhe;buffered water
with sterilizéd forceps éften resulted in curling of the memﬁranes
making assemblyﬁprocedufes extreme1y difficult. Witﬁrthe exception
of a few prélimiﬁary experimenﬁﬁ, thg pre-soaking éf fhe mémbraneé waé
eliminated. Altﬁéugh.dry ﬁembranés were somewhat brittle ana subjéct-
to cracking, this problem was found to be minor éompared to that of
curling of_Wet~hembraﬂes. The ‘chambers were asseﬁbiéd using aseptic
techniques..-Thé-membranes weré‘placed between‘thé'central spacer and

the“retainersﬂand secured with stainless .steel bolts and nuts.

Preparation of Cell Suspensions

Pur¢ cultures used in these experiments were.érown in Trypti—
case soy biqth (Difco) supplemented with 0.3%4ye&st‘extrgét'(Difco)
and éufficiént.glucose (Difco) to‘make the finallcopcentration 0.5%
glucose (TSY 5roth). Cells were incubated at 33 é fbr 20 to 24 h.

The cells wéré-harv§s£ed by centrifugation (3,020 x;éf for 10 mih and
washed twiée Qith one ofrth£ee éterile wash‘solutioqsf The three Qash

solutions employed were a standard phosphate buffer_(z), gelétin
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phosphate buffer (107), and sterile water obtaihed from a Qround water

well. Early experiments were conducted using the phosphate buffer (2);

héwever, thié solution was found to bé toxic to sévéral strains of
microo;ganiémsé Thereafter; most washing procedures ufilizedithe gelQ_'
atin phosphaﬁg-buffer (107). (Evidence of tﬁevharmfui effects of the
prhosphate buffer-will be presented in éhe rééults seétion). .

After‘thé fina14wash,'thé cells were suspended.in sterile gela-

tin phosphate buffer and diluted to the desired pbpulation density.

The final diiution uséd‘to fill the chambers was maae in sterilized
water obtainéasfrom one of the site 1océtidns. A,sterile 20 ml éy— '
ringe was usea td £ill the membrane filteér cﬁambe;s; The most‘fre—
quently.used.initial population dénsity was approximately 10"

organisms/ml; however, the range of population\densities used for

- specific experiments was . from 103 to'loﬁ‘organisms/mi; The‘loadea
chambers we?e;thep suspended in a large plastic trahsport‘container
filled with ffesh water obtained from one of the Site.locations. In
each experiment, the water in the trénsport container_and‘thelwater

used to maké the final suspension of bacteria within the chamber was

obtained from the same source.
In some experiments, raw sewage suspensions were utilized in
the chamber rather than pure cultures. The raw sewage was obtained at

the Bozemah.Wastewater Treatment Plant. A 20 ml sample of raw sewage
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was loaded into the chamber without subjecting the sample to any of
the forementioned treatments.

Iocations for Membrane Filter Chambers
‘and Sampling Procedure -

_Upon assembly and - fllllng, the membrane filter chambers were
transported.to site locatlons as rapidly aS‘p0551ble.‘ The chambers
were immersed ln-relatively quiescent areas of‘the-stream; ‘Heavy
string was used to suspend the chambers from an overhead‘support, al—
lowiné for some rotational movement mithin the stream,_ Immediately
upon immersing'the chamber in the stream, a sample(was withdrawn with
a sterile 1 ml syringe; this sample was designated-as the O0-h sample.
for each experiment. Subsequent sampling.was done at various time
intervals]as.dlctated by the specific objectives of'individual experi-
ments. Before a’ sample was w1thdrawn from the chamber the syringe
was pumped approx1mately 10-15 times to resuspend cells that may have
settled to the”bottom of the chamber or adhered to the walls or mem-
branes.

Samples taken from the chamber were then dep051ted into a 9 ml
dilution blank consisting of either standard phosphate buffer (2) or
gelatin phosphate‘buffer (107) for transport back to-the 1aboratory.
As 1nd1cated prev1ously, the phosphate buffer was found to- be harmful

to several bacterlal spec1es, therefore, for the majorlty of experl—

ments gelatln phosphate buffer was utilized as a transport:medlum.
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Site.locétibns for suspending the membrane filter chambers were

chosen so as to iepresent a variety of different types of water in re- -

gafd to their?physiqal and chemical characteristiés. 'Figure‘3 shows
thé locations,.and.descriptions of theée field sites are given in
Table 1.

Additiénél expeiiments were conducted with chambers sﬁépended
in a relativeif'uniform source of groﬁnd water from a pon4potablé well
located at fhe Bo;eman Wastewater Treatment Plant. A large 40 1iter
vessel for suspension of the chambers was -so designed as to Allow a
constant flow of water at 5 liters per ﬁinute‘witﬁ adéquate oppor—.
tunity fé;;ovefflqw from thé vessel to-insure a constant iﬂtroduction’

of fresh water.

‘Enumeration Procedures for Pure Cultures

Transp;rtation of samples back to the labo?atory was done as
rapidly asiéoséible. The sample was then appropriately diluted in
gelatin phosphate buffer to obtain acéeptable counts (éj‘on the Véri-
ous enumeration media used. All_expéfimen;s invqlﬁed.thé‘use of both
selective aﬁd npn—séiéctiVe meAia in order‘to obtain parallel counts

on the same sample. Generally, the chambers were sampled daily and

examined for recovery on selective and non-selective media simultane- i

ously. Termination of sampling varied from experiment to experiment
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Descrlptlon and location of sites for membrane fllter
chambers . :

Site

Description and'Locatibn

M3

' M3A

H3

BR2

EG4

EGS

EG6

Well

Located on Bozeman Creek, approximately 7.0 miles

(11.3 km) downstream from Mystic reseryoir, a
high mountain municipal impoundment

' Located on Bozeman Creek, approximately 3.7 miles

(6.0 km) downstream from site M3, .after flowing
through agrlcultural land

Iocated on Middle Creek, approximateiy'7.0 miles
(11.3 km) downstream from Hyalite reservoir,

a high mountain municipal impoundment

Located on Bridger Creek, after floWing through

agricultural land, approximately 1.8 miles (2.9 km) -

upstream frOHlltS junctlon with-the East Gallatin
- River

Located on Rocky Creek, after flow1ng ‘through

agricultural land, approximately 0.1 miles (0.2 km) '

- upstream from its junctlon with the East Gallatin
River . .

Located on the East Gallatin River, approximately
0.2 miles (0.3 km) upstream from the outfall of
the Bozeman Wastewater Treatment Plant

Located on the East Gallatin River, approximately
0.3 miles (0.5 km) downstream from the outfall
of the Bozeman Wastewater Treatment Plant

Located on the East Gallatin River,. approximately'
‘5.0 miles (8 0 km) downstream from. the ocutfall
of the Bozeman Wastewater Treatment Plant

Non-potable well located at the Bozeman Wastewater
Treatment Plant :
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but most expefiments were ended after 3 or 4 days exposure td the

" water.

Coliformé; Coliform organisms were({uantifiea uéing fhree gen-
eral enﬁmerétion procegufesiin cohjunction.with a.vériety of media.
The procedure‘ﬁtilized.Was‘dictated.by_the objectivesiof each indivi-
dual experiméntr however, quanfification in each eﬁpérimeht was dope
utilizing at.least one non-selective medium‘in paréllé; with at least
one selectije‘mgdiuﬁ. The three general methods'empléyed were enu-

meration by plating methods using solid media, multiple tube dilution

extinctidn methods using liquid média, and membrane filtration pfo—
cedures. . .

Quantification of coliform o?ganisms with a non—seiective medium:
by plating érocedufes was done with Trypticase soy agar supplemented
with 0.3% yeést extract and 0.5% glucose (TSY-aga?).v (Unless SPecifi;-'

cally indicated otherwise, all media'employed were Difco products).

Violet red bile (VRB) agar  and desoxycholate lactose (DLA) agar Were‘
used as the.selective solid media.. four plate AS weli és‘surfégé

platé technigues wére-ﬁsed_in various exﬁerimenté.:léll media were
sterilized by autoclaving. For the pour plate meﬁhod; media were
stored. in iOOiﬁl portions for no longer than 7 days.';Pigtes'for,sur-‘=:

face platiﬁg*ﬁére'pouréd‘with 12-to 15 mlHof‘mediﬁm per‘plate and
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“dried at>room temperature for 24 h prior to use. The appropriately

diluted sample lu the pour plate proeedure was mixed with app;exi—
mately 15 ml.ot the tempered (46 * 1 C) medium. 1In the surface plate
method, O.l-ﬁl'of diluted.sample was placed onto the surface of a
prepoured plate and dlstrlbuted with a sterile beut glass rod. Dupll— 3

cate sets of plates were made for each dllutlon and medlum used. All

plates were Querlayed 15 - min after plating w1th an;addlthnal 5 ml of |
the same medium. The plates were inverted and ineubated at 35 C for
24 h before ceuntiug. | o

Liquld media enumeratlon procedures using the:most probable

number (MPN) method involved the,use of' three different broths. The

rich, non—selective broth used‘was Trypticase soy:broth supplemented -
with 0.3% yeast?extract and sufficlent glueose to make the‘finaldcou— o
centration Ofd% glucose (TSY broth). Selectlve'media'used were.lac;
tose (LAC) broth and Brllllant Green lactose bile (BGB) broth. All

media were sterlllzed by autoclav1ng and were used within 10 days

after preparatlon. A total of five tubes in‘eaCh‘of five successive-
dec1mal dllutlons were used in. the MPN procedure; A 1 ml amouut ef o B !
the approprlate serlally diluted sample was 1noculated 1nto a tube .
containingf9‘ml of medium. The tubes‘Were 1ncubated:at-35 C for 48.h.
MPN was estimated based on the tubes'shewing gas prdduction for the‘
seleetive.bediaaand those showiug grewtb for the neneselectiue TSY

broth (2).
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Mémbfahe‘filtratioﬁ procedures for enumeration'bf.coliforms
employed thfee.different.media. :Autoclaved TSY agérZWas used as the
non-selectivéqﬁedium.- Selective M~Endo broth MF subélémented with
1.4% agar.wés #sed. This medium was ﬁot autdélavea. Ten ml amouﬁts
6f melted Tsx.o% ﬁ—Endo‘MF-agar were poured into s;erile 66 X lS'ﬁm
glass Petri di;ﬁes}' fetrindishes were,étored at-S'C'until‘used and
were discaréed if'not used within 96 h oflpreparatieni M—FC broth
base contéigingla finél concentréﬁion of 0.01% rosaiic acid (M=FC
medium) waé used ag‘tﬁe“Other selective mediﬁm whehfénumeration 6f‘
fecal‘célifofms was desired. 'Thé medium,was heated to the boiling
point but was not autoclaved. Approximately 2 ﬁl Qf M—FC_medium was
distribut;d in é sFeriie tightjfitting 50 x ‘12 mﬁ plastic Petri plate
(Falcon Plastiés5'containing a -sterile absorbent pad-ifﬁlates con-
taining M-FC médiﬁm'weré discarded if not used wiﬁpin 5h of‘prépa—

ration.

The procedure used for membrane filtration with the three dif-

ferent media?followed-Standard Methods for the Examination of Water
and Wastewater'(z), Membrane filters used were Milliporé filteré,

type HAWG“O47fSO with a pore size of O.451micrometef.‘ Duplicate

§

plates of ali'sémples were run in each experiment, .TSY and M—Endo-MF.f

plates_were”sealed wiﬁh waterproof tape (Millipore Coxp.), inserted
in waterprbofjpiastic baés, and incubatéd'in:a water bath for 24 h at

the‘elevatedftempefature‘of 44.5 t 0.1 C.

| N -t)
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Fecal stréptococci. ‘Fecal §treptocbcci were also enumerated
using the samé three general procédures; plating, MPN;.and membrane
filtratiop. Bofh non-selective and seleétive media were employed.

Quantificétioﬁ of fecal stfeptococci with a_noanélectiQé med-
ium by plating proéedures was aone with TSY agar. lPéizéf‘sélecfive_
enterococcu;.(PSE) agar (Pfizer Diagnostics Div.), M-enterococcus
agar (M—E),.and-KF streptococcus (XF) agar (BBL) ﬁitﬁéuf'bromo.cfesol
pu¥ple weie>usea:as the selective solid media. On1y p6ur'§late’tech—
ﬁiques were qéed. PSE agar was éterilized in the éufbclave at 121_C
under 15 1b'é?éssure for 15 min. KF agar was sterilized undér:the'
same conditiqhsﬁfor 10 min after which a 1% solution qf 2,3,5 tri-

phenyl tetrazolium chloride (TTC) was added to make the final concen- .

tration 0.0I%L,'M-E agar was brought to boiling to dissolve the'medium o

but was notuaﬁtoclaved. The appropriatély diluted'Sample'was mixed
with approximately 15 ml of the teméerea (46 * 1 b)'medium. Dupli-
cate sets éf:élateénwere déne for each dilution and mediuﬁ-used. The
plates Wg?e'invérted.and inéubated at‘35 C for 48?h:befofe céunting.
Liqﬁid média eﬁumeration pfoceaupés uéing thé MPN method in;
volved thé‘usé?of four different broths. TSY broth &és USéd as the

rich, non-selective medium while selective media utilized were azide

dextrose-(?b) broth (BBL), Pfizer'selecfive enterococcus (PSE) brothq",'

(Pfizer DiaQnostiCS'Div.), and ethyl violet azidé (EVAY.br§th. All
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broth media were sterilized by autoclaving af 121 C under 15 l1lb pres-

sure for 15 min-and were used within 10 days after preparation. A
total of five tubes in each of five-successive‘decimal dilutions were

used. The MPN determination was made according to Standard Methods

(2) aftér 48 h incubation at 35 C.
-.Memb#ane filtration procedureé for enumerafion'of fecal strep- . . !
tococci empioyed the same four media used for the pour plate method:
TSY agar, PSE agar, M-E agar, and KF agar. Ten ml amounts of the
reﬁpective media wére poured intd‘sterile 60 x 15"'mm glass Petri
plates. Media were stored at 8 C and were discardéd‘if not used with-
in 7 days of preparatioﬁ. Standard procedures (2) were used during
- the filtratiéﬁ operations. .All plates were incubétéd;at 35\C'fo; 48 h

" prior to counting.

Repair Experimeﬁts

Experimehts were conducted to détermine whether cells injured
by enVironmeﬁtal-stress in natﬁral waters had the capgbility to repair
themselves.whén e#posed to a suitable environmentL' ?ﬁé repair experi-
ments were d§$é with E. éoZi while one comparable‘répair‘experiment
was condﬁctedxwitH S. faecalis. -

Preparatibn of ceLls'andlmembrane filter‘chambers followed pre-

viously described procedures. In the first ekperiment_with‘E. colt,

a4 ml sampie,Was withdfawn from the chamber at 0-h in order to' obtain
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control curves.' The 4 ml sample was immediately returned to the‘labo—fﬁ
ratory and planted into 36 ml of TSY broth. | Generally, at 30 min in- ¢
tervals overra peried of 6 h, 1. ml samples were witherawn‘from'the
TSY broth,‘serlally dlluted, and enumerated by surface-overlay pro-
cedures. The TSY broth was incubated at 35 C durlng the course of
sampling. Parallel platings of both TSY and DLA agars, in dupllcate,'
were ﬁsed. After two days of exposure to the aquatlc env1ronment,
another 4 ml sample was withdrawn from.the membrane“fllter chamber
and brought back to the laboratory for“inoculatien-tnte‘a new 36 ml
flask of TSY broth. The TSY broth was sampled at:variOus time inter—_
vals and_sﬁrface piate& on TSY ana‘DLA agars following the'eraet pro-
cedures as;éescribed for the eriginal contrel samble; All plates
were ihcubated'at 35 C.for'24 h,'ana the.COlonies:mere'enumerated.

The;seeepd repair experiment was performediusiné a-ditferent
strain of E;zeoii. 'Exactiy the same experimental breeedure as usea
in the first emmeriment was.utilized'with two exceptiens;-_First, the
exposure‘peried”used in this experimeht‘Was 7‘daystrather'thah two
days. .Secehdiy) enumeration was conaucted usihglmembrane'filtration"
methods rather than surface-overiay plating methods;: The medla used

for membrane flltratlon were- TSY agar, M-Endo MF agar, and M-FC broth..f

The TSY and M—Endo MF plates were 1ncubated at 35 .C for 24 h while the
M-FC plates ‘were incubated at 44.5 * 0.1 C for 24 h, as prev1ously

described.. i
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A similaf repair‘experiment'was done with S. f&éealis., At 0-h,
a 4 ml-éample-Was withdrawn from a.mémbrane'filter éhamber imﬁersed.in,'v
a stream,‘brdﬁght baqk to the laboratofy, and inocuigted into 36 ml
of TSY broth.  This flask was incubated at 35 C for '8 h. At vafious
ltime intervng‘AQrihg tﬁis 8 h period, 1 ml'sémples w;;é witharéwn
from the TS¥-b;dth, serially dilute@, and‘énumeraéealﬁy membrane fii-
tration-methdaé, Parallel filtratiohs'using TSY and KF agar, in du-
plicate,,were‘ﬁéed. After 2.daysfand 4 days eiposu?e to the-watéf,
additioﬁal'éfml samples wére.obtaiﬁéd from the'chgﬁber and analyzed
in the exaét-ménneg as the control O-h sample. Plates wefe enumer -

ated after 48 h incubation at 35 C.

Enumeratiqn.Prqceduxes for Raw.Sewage'.

Experiﬁents were performed to compare recovér§ éf ;oiifoims,
fecal coliﬁq?ms; and fecal streptocécci fr;m‘sémples of raw sewage
utilizing‘Qéxiqus conventional enumeration procedu;es. Mémb:ané fil-
ter chamberglééptaining recently obtéined sqspensionsyof':awlsewage'
were immersé@.in-natural waégr.‘.A 3‘m1 sample wds removed from-the_'
.éhamber at-24 h intervals for a periodwof 3 to 4-&&95.  Analysié for_":
coiiform densitiés was acéompliéhed usiﬁg pour and‘éufface-ove;;gy
plating prééeaﬁﬁes witﬁ DLA and VRB agars.‘ MPN déterminations,wege
‘made.ﬁsing.laétosé'broth while M~Endo MF agar‘andlM+FC‘b?oth‘ﬁere'uééd.t:

. for enumeration by membrane filtratioh'pxoéedures..‘Fecalfstrgpfococci_¢
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were enumerated by pour plate_methods using kF and M-E agar as well as
by membrane filtration procedures'using the eame two media. Specific
orocedures,.ihcubation time, and ihcubation temperatares.harelpre—’
viously beenfdeecribed.

Confirmation of probable coliform coionies_was,accompiished‘by

transferring isolated colonies from the selective solid media and mem~ -

brane filters to BGB broth. Plates were divided intohquarters and
all sUspect&coliform colonies from a single quarter:were picked into
BGB broth. 'Also, BGB broth was inoculated from those tubes of ére—
sumptive laotose broth showing the preeence of oae. 'All BGB tubes
containing gas within 48 h at 35 C were con51dered to be conflrmatory
evidence that qollform organlsms were present. Addltlonally, all

positive BGB_tubes'were‘further analyzedhfor the presence of coli-

|0 Y A VO

forms of fecal origin by transferring a loopful of culture to EC med~

jum. The EC ﬁedium was incubated at 44.5‘i10.1 C in a waterbath.

Proauction of_gas within 24 h in EC medium.indicated the prohable

'presence of collforms of fecal orlgln.l |
Parallel w1th analyses for coliforms and fecal collforms, ‘most

samples were quantltatlvely examined for fecal streptococc1. Enumer-

ation was conducted by u51ng KF agar in both the pour plate and mem- .

brane filtration procedure. Confirmation of the presence,of_fecal

etreptooocci-was:accompliehed by picking all suspected colonies from
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a quarter section of the plate into EVA broth. - Confirmatibn was evi-- @

denced by growth in the tube within 48 h at 35 C.

Enrichment Procedures

An enrichment procedure was used in order to determine whether
improved recovery of coliforms and fecal coliforms could be attained

by exposing cells to a rich, non-selective meaium;priér to transfer

to a specific selective medium. The enrichment technique was utilized

both with a pure culture of E. c¢ol? and a natural suspension of raw
sewage.
After immersion of a membrane filter chamber containing a sus-

perision of E. coli in the stream environment, 1 ml samples were with-

drawn at O-h,-1.day, 2 day, and 3 day intervals. Ehﬁmeration was done

by membrane filtration methods using both the conventional direct

technique as well as an enrichment technique. Duplicate filtrations

for all dilutions were performed such that one set could be enumerated

by the dire@t-methpd and the other by an_enfichmént.tecﬁniéue.' The
direct technique'was done by di¥ectly transferfihg one sét of thé mem-
brane filﬁééé to TSY agar, M-Endo MF agar, and M—Fé'bfdth. The en-
richment Eeghﬁique cbnsistéd of first transferring ﬁhe other éef‘of.

membrane filﬁérs to 60 x 15 -mm Petri plates containing pads soaked

with 2 ml of TSY enrichment broth.. These enrichment plates were thenzz

ihcubated-in the upright position.for 2 h at 35 C. Aftef the 2 h
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enrichment periéd, the‘filters wefe t;gnsferred from the TSY broth
pads to the_;eSpective ﬁédia-uséd in the direct'téchnique;.i.e., fSY
agar, M—Endo_MF‘agar, and M-FC broth. Ihcubation“témpefaturés and
times:have'béen previbusly-de5cribed; | -

A suspension -of raw séwage_was analyzed in ekégtly the same

Li_il

 manner as the pure cultute of E. #0l%i using both direct and enrichment .

methods. In addition, probable coliform chonies:from a. quarter Sec-:
tion of théfmehbrahe filtefé were picked into BGB'broth for confirma-
tory purpoéesr' Those tubes showing the presehce oflgéS‘within 48 h “
at 35 C were then further analyzed by_transfefriné a léopfﬁl §f cul-
ture to EC_méaium.. The EC medium was incubated at-44;5 i_O.l}C for
24 h and thefébfwallowed calculationé for fecal coliform degsities

obtained by the'respective media and methods.

Effects of Wash Solutions and Diluents

Several experiments were performed in order to determine the
_most suitable solutions to be used for washing cell preparations dur-

ing centrifugation,-for.transport-solutions for menbrane filter cham-

bers to site locations, and for laboratory diluents dﬁ;ing enumeration

procedures; ‘Test organisms included strains of E. coli and

S, j"aecaZZ,é‘.:' '

The?wdéh prodédure for cell préparations} tfénéport,of bréparedff

dhaﬁbers,.transport of‘samples, and 1aboratory'dilution procedures

o
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were. done exaétly as previously deséfibed except tha£ three different-:
test solutioné were utilized. .The complete operation. of washing,
tranSportiné;’épd'enumeraﬁing was done simuiﬁaneOusiy ﬁsing tﬁree‘
'sepérate chambeés treaﬁed with either gé1étin ﬁhosphate buffei (167),
phosphafe buffer (2), or sterilized natural Well wéter, respectivély.
Thé chambers were sampled periodically over a perioa‘of 2't§.3 days~
and enumerated with noﬁ—se;ective and:SeléctiQe‘media;.‘Whén_E; coli
was the teé?”organism, TSY and DLA agar,were usedﬁfb¥‘énumeration by
the pour plé£é method. - Pour plate procedufgs, using‘TSY and KF agar,

were used when S. faecalis was the test organism.

Calculations and Aséumptions

Sevérdlvéalculations were made in order to p16£ gr&phé of‘the';f'
obsérved data and weré.obtainea as follows; %‘deéﬁh at time t = |
(1 - nop-sélégtivé meaium count at time t / nonfseieq#ive ﬁgéium count;i
at O;h) X ldé;f% survival at ﬁime t = 100% - % death a# time t; and
$ injury at‘tiﬁé t‘é (1 ; selective medium-count_aﬁitime.t )‘nqn—-‘
selective ﬁeéiﬁm cbunt at.time t) k 100: |

'pefinitions of’répéir'éﬁd muitiélié;tion.wefeiéeferminea as
"followéz ‘ahy increase in selectiﬁe médiﬁm coﬁnfs.bﬁ;?not in non-
selectivé“medium couﬁts-were assumed to be auertoiregaif éf ihjufed,,
célls;;ané[;;iﬁﬁltaneous increase iﬁ counts on,non;Selectivé_ang

selective:media wés assumed to be due to cell multiplicaﬁion,:
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Chémi;al and Physical Procedures

Peribdically throughout the course df the.experimenté{ water
samples we£e ob£ained at those sites where membrane filter chambers
were located-;nd subsequently analyzed‘for their chemical aﬁd physicall
characteristiés; At the time of collection, water temperafure was |
recérded. At each site, a sample(was colledted in a l iitér poiy—
ethylene boﬁfle.as well és in a 250 ml glaés—stopperéa:Pyrex-bottle.

Watétyiq,the glass bottle was filtered and uéed to .determine |
orthophosphate, ammonia, and nitrate concehtration;.::Orthophosphate |
was determiﬁedvby the ascorbic acid method as described by'the Envi-
ronmental.Prétégtion Ageﬁcy (26). Ammonia aeterminatiénslwere done
acéordihg'to-sélorzano (926) using the phenohypochlgrite method, while‘
nitrate co#céntrations were determined by the Mullin and.Riiey reduc-
tion method {6).' Totél phosphate cOncentratioﬁs_of.uﬁfiltered water
were determiﬁéd following procedures. advocated byifﬁe Environmen£al

Protection Agency (26). A Bausch‘and:Lomb "Spectrbﬁic 20" was‘used.

.for the#e édibrmetric analyseé.

A;kéiinity, sulfate, chloride, total hardqéss, caICium,lmagnes-
ium, sodiﬁm,.potassium, and residual chlorine.wéfe'éetermined by
standard.meﬁhédé (2). Non;filtered.water from the polyethylene bottles.
was used éb.determine‘total alkalinity by potentiometric ﬁetho@si

Sulfate édhéeﬁtrations weré analyzed by the turbidimetric method; and -
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chloride concentrations were done by the mercuric nitraté ﬁethod;

Total hardness, calcium, and magnesium were deterﬁiﬁed by the EDTA

titrimetric method. Sodium and potassium were determined by .flame

emission with a Beckman DU Flame Spectrophotometer. Residual chlorine .

concentrations were determined by the iodometric ﬁethod.~

Total and soluble carbon fractions were determined by employiﬁg"

a Beckman Laboratory Carbonaceous Analyzer. Measufément‘of hydrogen
ion concentratiéns.we;e made with a Beckman ZeromatidisS-3 pPH meter
in the laboratory. The specific conductance of the water at 25 C was

determined using a Labline Lectro MHO - meter (Modei MCc-1, Mark IVf.‘

Statistical Methods

. Statistical analyses for the comparison of data obtained upon

parallel enumeration with non-selective and selective media were based

upon computagion of 95% confidence limits for §ropor#ioné féllowing'.
the normal_apprpximatioﬁ for the binomial distributiqn, as desc;ibed
by-snedécof:qné Cochran (95). BAssuming the colony'coﬁnté follow a
Poisson diétfiﬁution, optimum statistical inferéﬁéé;COhéerning.the

ratio of the mean counts is based on the binomial aistribution (52).
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Chapter 4

RESULTS

Phy51ologlcal Identlflcatlon of Pure
Cultures

The cultural and biochemical characteristics of the strains of
E. colil, E. aerogenes, and X. pnéumoniae are given'in the appendix_

Slmllarly, phy51olog1cal characterlstlcs of stralns of S faecalis,

S. faectum, S. durans, S. f&ecalts var. Zaquefdczens, and S. bovis

are included in the appendix.

Effects of Wash Solutions and Diluents

v

Several-experiments weré conducted to‘oetermine whether sub-
stantial deathfor'injury could be induced durimocehtrifugationfwaShingx
procedures;nsed in the harvesting of ceils for the.preparation of celi.
suséensions, tranSport of chambers to site_locations;.transport of

samples back to the laboratory, and laboratory dilution procedures.

In one suoh‘erheriment two separate ohambere; located at the experi-
mental weli'eite) chtaining suspensions'of 8. faecalis ES1913, were
prepared andksampled simultaneously over_a period of 48 h. The treat-
ment‘of both éuspensions was identical with the exception.that all ,'.

washlng, transportlng, and dllutlng for one suspen51on was done com-.

pletely w1th standard phosphate buffer (2) whlle the other suspenSLOn |

was treated solely with gelatln phosphate buffer (107) Flgure 4
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Effect of regular phosphate (A) and gelatin phosphate (®)
diluents upon recovery of suspensions of S. faecalis ES1913
in membrane filter chambers located in well water during a
48 h exposure period. Samples were pour plated using TSY
(e iy vand. KB (= = = =) agar.
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shews'the resuitssobtained upon pour platihg'with non-selective (TSY
agar) and seleetive (KF agar) media'for samples:tahen‘from each cham-
ber. Comparisohfof counts obtained. on the non—seiective med ium ever
the 48 h expostre period indicates that the die-away-pattern for those
cells treated with the regular phosphate buffer preceeds-at a much
faster rate‘than those treated With gelatin phosphateahuffer.' Fur-
thermore, a éreater degreelef ihjury to surviving celis, as evidenced.
. by differehces.in counts on TSY‘and KF agar, was ohserved for those
cells.treated'With the regular phosphate'bﬁffer as compared to treat-
ment with“gelatin phosphate buﬁfer. Summarization:ef data from this
experiment'ih'Table 2 probides‘indication of the deleterious effects
of treatﬁent'with regular phosphate-bpffer in terhs of resulting re-
-covery oh hoth honéselective and .selective media. }The,ioss in.re— |
covery on the'Selective medium indicates that a laréelpreportien of
the survirers,had‘hecome injured. In comparison,‘injﬁry to sur-
v1v1ng cells. treated with gelatln phosphate buffer was: relatlvely
mlnlmal, ranglng from 0 -~ 11% injury over the 48 h exposure perlod.

A similar experiment was done with S. faecalts MS304. 1In ad—‘
dition-to:treatment of cells with regular phosphatelahd gelatin

phosphate buffer, a thlrd treatment using sterlllzed well water was

included. The three chambers were 1mmersed in the well water, sampled :

over a period of 24 h, and analyzed us1ng the same‘technlques.and
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Table 2. Effect of regular phosphate and gelatln phosphate diluents
upon death and injury to suspensions of S. fhecalts ES1913 "
in membrane filter chambers suspended in well water over a
48 h. exposure period

a : . b
Exposure . % Death . % _Injury
time . " .Regular . Gelatin Regular Gelatin
(h) . .~ phosphate ° phosphate phosphate . ' phosphate
0 o o0.0 0.0 35.4 3.3
6 ~90.0 42.9 98.3 0.0
10 A " 98.0 ' 41.8 98.1 0.0
24 98.7 40.7 . 98.0 - 3.7
48 ©99.7 50.5 98.9 o 11.1
a-= Determlned from counts obtalned w1th TSY pour plates

Determined by -differences between counts obtalned on TSY and KF
pour .plates :
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media as in'the-preceding experiment. Both in terms of death and non— -

lethal 1njury, the gelatin phosphate buffer was found to be con51der—
rably less harmful than the regular phosphate buffer (Table 3) ' The
" treatment w1th-sterlllzed well water was observed to contrlbute to.
fatallty of cells to approx1mately the same extent as gelatln phos-
phate buffer ‘treéatment. Non-lethal injury to surv1v1ng.cells of the
well water treatment was generally greater than that w1th gelatin
phosphate buffer, yet less than that with the Standard phosphate
buffer.

Treatment of separate cell suspensions of E.;coZi EC2075 with
regular phosphate-buffer and gelatin phosphate buffer was studied.

Enumeration over a 48 h period with_hon-selectiveuTSY,agar and selec-

tive DLA agar,;using pour plate procedures,'revealed'the results found "

in Table 4. Fatality incurred by cells was found to be approxlmately'
equal for both treatment procedures at most sampllng t1mes. However,

the injury observed as ‘a result of us1ng the regular phosphate buffer

was,subStantlally greater than that.for-treatment.wfth the gelatin

- phosphate buffer.

Influence - of leferences in Watergguallty
on Ingury

A number of early experiments were conducted to determine

whether aquatic environments of differing qhemicalrand thsieal

I
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Table 3. Effect of regular phosphate; gelatin phosphate, and well.
'~ water diluents upon death and injury to suspension of
S. faecalis MS304 in membrane filter chambers suspended in
" well water over a 24 h exposure.period

a e s b
Exposure % Death . % }nqury -
time Regular Gelatin  Well  Regular - Gelatin  Well
(h) phosphate phosphate water " phosphate ' phosphate water
0 0.0 0.0 . 0.0 18.2 .+ 26.1 19.0
6 . 40.9 - 30.4 19.0 80.8 - ° 18.8 23.5 .
12 .66.8  39.1 33.3  87.8 . 7.1 31.4
24 80.5 52.2 52.4 86.0  34.5  66.0

Determined from counts obtained with.TSY pour:plates'

V]
il

Deterﬁined by differences between counts obtained on TSY and KF
pour plates ' : '
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Table 4. Effect of reégular phosphaté and gelatin phosphate diluents ' -
upon. death and injury to suspensions of E. coli EC2075 in
membrane filter chambers suspended in well water over a
48 h exposure period - '

a ' . b
‘ . %
Exposure | ‘ % Death } _ Injury
time ‘ Regular . =~ Gelatin. . Regular Gelatin
(h) phosphate phosphate - phosphate phosphate
o 0.0 | 0.0 : 14.3 - S 6.3
6 74 12.5 431 . 0.0
10 .. 14.3 ~ 25.0  60.8 16.7
24 C . 28.6 31.3 51,0 10.9
48 . 40.7 41.9 | 56.6 . 1.1

Determined. from counts obtained with TSY pour plates

Determined by differences between COunts~thainéd on TSY and DLA
pour plates
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charactgrisfiéé would induce varying degrees'of étress.upon'COliforms.
. anQ fecalistféptococci. In\préliminéry.expériments, the éffécts of
3 équatiq envirapments wiph Varyiné watéf quality ch&réctéfisticé wére'
exaﬁined: thesé sites were M3Aa, EG6,‘and-the weIllwater (ﬁigu?e'3)n
Th§s§~particgla? sites wére Ehosen becau;g they.represented waters of
widely differenfyphysical énd chemical pharactéristics. The water
environmenf of ;ite M3A consisted of high‘mountaip:sﬁowmelt-run—off
of high quality with a minimal.amount of‘cénfaminatioh‘from agricul-
tural précticés, In-contrast, the aquatic enviroﬁﬁent of site EG6
consisted of\h%ghly‘contaminafed water derivéd‘from agricultufal and
domestic'séwaée.effluent. _ngallel‘énumératiqn Qn_n9n~Selective and
selective me&ia aiiowed for_éalculation of survivai“and injﬁry charac—i  ‘
teristics ét{thQSe sifes.

In One:éf the early experiments, membfane'filfér chambers con- -
taining a ;usﬁepsion Of_E..COZi WC959‘wefe'immérséd.iﬁ water at site;
.M3A, EG6, and“the'well.water.‘ Simultaneously, membrane filter cham—_
be?SICdntaining a'suséension of K. preumoniae 1881 wére‘located‘at theiz"_
same sifes} ‘éour pla£e enumeration with nén—selecti&e_TSY %gar and
seiectiveijAfaga;‘allowéd.for_compilation‘of]sufvivél and injury
chéracterigtiéé‘dver the 3 day egéosuré périod‘aétfoﬁﬂ&,in‘Tablé;S..
:Thé‘aﬁounfqu.gurvifél, as determined by coﬁnts én the TSY medium;

was observéd to vary according to the site location for both organisms,.
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Percentages of surv1val and 1njury for suspen51ons of

E. coli WC959 and K. pneumoniae 188l.in membrane filter
chambers located at 3 different 51tes (Well M3a, and EG6)
over-a 3 day exposure perlod

'Exposure E. coli

B Y}

- - K.. pneumoniae
time - .
(days) | Well M3A EG6 Well =~ M3A EG6
0  100.0 100.0 100.0 . 100:0 100.0 100.0
| 1 72.3  79.7- 68.3  .35.0 79.1 29.2
. a : '
% Survival .. .
: 2 69.2 71.2 4.6  58.3 16.4 3.9
3 60.0 54.2 0.5 . 44.2 0.8 1.6
0 C7.7 3.4 9.0 8.3 9.1 8.3
1 2.1 25.5 23.3 0.0 16.1 22.9
. s D | : R
s Injury , : ‘
2 22.2 . 19.0 79.3 15.7 33.3 34.0.
3 0.0 18.8 87.1 22.6 44.3 21.1
a = Determined from counts obtained with TSY'pour plates

Determined by dlfferences between counts obtalned on TSY and DLA
pour plates
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_The persistence of E.'caZi‘WC959 ét the well‘wafer site and éite M3A
appeared t§ be relatively simiiar Qith petween 50 £o 60% bf,the ce#ls
remgining'viable after 3 days ekpogure. In contrast, the ability of‘
E. coli WC95§ to persist at site EG6 was:conéiderably.less relative
to the other‘two éites-és evideﬁced‘by only'4.6% dflﬁhé éells‘being
‘récovered dﬁter'Z days and less than 1% being recé&ereé after 3 dayé ff
'exposﬁre. Cpnsidefable‘variation iﬁ sufvivability.of‘K. pneumonﬂae'
1881 was similérly observed.as evidenced by a gréatér degree of per-
sistence in theiwell water as opposed to the environﬁents of sites
M3A and EG6. Over 44% of K. prneumoniae 1881 cells_wére-fodﬁd_to be
viable‘aftéf 3 days exposure at the well water site, Qﬁereés less
than 2% of.tﬁefcells could bg,detected_on TSY médiuﬁ.a# sites M3A and’
EG6. | |

Considerable variation among. the 3 site locations in teims of
nqn—lethal'injury was also observed (Téble 5): ‘The greatest degree of”:
: injury.oécurfedato E. coli WC959'ée;ls-exposed tohﬁhe'aquatic environ-
.ment‘of EG6 és evidenéed.by app;oximately 79% and 87% of tﬁe‘cellé
being.inﬁurea éfter.z and‘3 days éprSure; reséeqti&ely. The pdpu-
lations of E. coli cells ex?béed to the environments af the-weii water;_‘
site and si@e'MéA were less suscept;bie-ﬁo non%letﬁél ;njury, with' l
less thén 26%?of Ehe cells found to be-injuréd for any exposure periéd-;

In general, the greatest degree of injury for the pépulation of
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K. prneumoniae 1881 occurred to those cells exposed to the environmen-
tal stresses at site M3A. Whereas E. cqli.had been found'to be very
susceftrble to non—iethal injury at site.EG6, X. ?neumoniae was ob—

served to'be resistant to injury since only 21% of”the'surviving pop-

LLL

ulation had iost its ‘ability to produce colonies on selective DILA agar

after 3 days;exposure to the stream environment. Minimal injury was
also observed -for K. pneumoniqe 1881 cells. immersed .in a chamber at

the well water site.

A similar experiment was conducted at the same sites (M3A, EG6,

and well water).using two different species of feoal streptococcit
S..faecdlis var. iiquefuciens Esl730vand S. durans GS255. Variation
in survival'capability.according to-site.looations, as determined by
pour plate- counts on TSY agar, was observed for S. faecalts var.

thuefuetens {Table 6). Only 4.1% of the orlglnal populatlon of

S. faecalts var thuefaczens ‘could be detected after 3 days exposure'

at site EG6. More than 61% of the cells were found to be v1ab1e on
‘TSY medium after 3 days exposure in well water while about 14% of the
cells located ‘at 51te M3A could be detected after the samelexposure
perlod. The per51stence of S. durans G5255 at the well water. 51te
and site M3A was found to be dulte 51m11ar. As observed w1th

S. faecalos var. quuef&ezens, the greatest amount of fatallty for

b
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Table 6. 'Pereentages of survival and 1n3ury for suspensions of
8. faecalis var. liquefaciens ES1730 and S. durans Gs255 -
in membrane filter chambers located at 3 different 51tes
(Well, M3a, and EG6) over a. 3 day exposure period -

' S. faecalis
‘Exposure fae

: var.. Liquefaciens - 'S. durans
time -
(days) Well M3Aa EG6- _ Well M3A EG6
0 100.0 100.0 100.0 100.0 100.0 100.0 .
. 1 67.9 66.3 62.5  73.3 74.4 70.5
. a o S .
% Survival . : _ - o
- 2 60.3 17.5 ~11.0 - 57.8 48.8 38.6
3 . 6l.5 13.8 ° 4.1 . - 51.1 44.2 8.6‘i_
0 5.1 2.5 8.8 . 4.4 9.3 4.5
1 11.3 35.8 56.0 0.0 9.4 12.4
- 5 b ' : .
% Injury . ‘
. 2 14.9 28.6 98.8 3.8 4.8 23.5

3 16.7 64.5 99.8 8.7 10.5 63.2

Determined from counts obtained with TSY pour‘plates

o))
I

Determlned by differences between counts obtained on TSY and KF
pour plates
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S. durans ocqurréd with those cells exposed to the environment at ﬁG6,.

resulting inlapproximately 9% of fﬁe origina; éopulafion survivihg
3 days of exéoéure. “

Difféfeﬁces in-simulataneoﬁs counts obtained.bgiseléctiye KF
mediﬁm‘and ndnféelectivé TSY medium indicated vafiétibn'in the degree
of injury ihflicted‘upon‘cells located at the 3 sifes: After 3 days
exposure, mofe than 99% of the surﬁiving population'of S.'fheéaZis_

var. liquefaciens ES1730 located-at site EG6 was found to be non-

lethally injured, whereas about 65% of the survivors were observed to

be injuredaupén,the‘same exposure period-to the envi;dnment of M3A.
In contrast, abproximately 17% of the population of,SJ“faechis var.
Z%quefaczens located at the well water 51te exhlblted.lnjury. Simi-
larly, S durans GS255 illustrated varlablllty in susceptlblllty to
Cinjury aftgf]B Qays exposure to the water environments, ranging from
a low of appréximately-lO% at both the well wafer‘site and site M3A -
to a high'of‘over 63% at site EG6.

Déta'frbm‘these‘as well as other early exp;riméntélled té an
experlment wheréby elght chambers, each contalnlng a suspen51on of
E. coli C320MP25 . were placed at eight different” locations (Flgure 3).
Enumeration of.ce;ls over an exposure perlod of 4 dgys was done us;ng

TSY and DLA:agar with surface~overlay techﬁiques@ .ﬁesulting ¢ounts

on both media for two of the sites are shown in Figure 5. Comparison

LLLo 2l
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Comparative recovery of E. coli C320MP25 in membrane filter
chambers located at sites BR2 (@) and EG5 (A) over a 4 day
exposure period. Samples were surface-overlay plated using
T™SY () and DLA (- - - =) agar.
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" of the Survival curves on TSY agar reﬁealed akVery rapid die-away pat-
tern for those cells:exposed at site EG5, while only a slight decline
in survivabilit§.was observed at site BR2. Additionally, non-lethal
injury at site ﬁR? appeared to be.minimal‘when compared:with site‘EGS-

as evidehced by-differences in counts obtained with the ‘selective and

non-selective media. Table 7 summarizes both‘theisurvival and injury -

characteristics at all eight sites (Figure 3). The amount of fatality

varies consiaerably amoné-the sites, being.the"greatestlat sites EG4,
EG5, and Rl aﬁdlbeing the least at site BR2. The data calcoiated for
non-lethal injury are presented in Figure 6 and-aiso indicate sub-
stantial varrabilitfiamong‘the sites. The extreoe-of_ihjury after
4 aays exposgre,were from a low of lees than‘;O% at site‘BR2 to a
high of greater lthan 96% at site EG4.

A coﬁparable experiment for a straio'of feeai:streptococci was

done with eight chambers being placed at eight'different sites

(Figure 3). The test: organlsm was S. faecalzs RSlOOQ Enumeration ofn_.

- cells over an exposure period of 4 days was obtalned u51ng TSY ‘and XF

'agar with pour'plate technlques. Resulting counts on both medla for

both s1tes BR2 and EG5 are shown in Flgure 7. Proflles of surv1val on.

the rlch TSY agar reveal a cons1derab1y faster dle-away rate for those;

‘cells exposed at 51te EG5 than those exposed at s1te BR2 _ Furthera

more, the losses in recovery of the v1able populatlon w1th the -
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Table 7. Percéntages of survival and injury for suspensions of
: E. coli C320MP25 in membrane filter chambers located at
8 different sites over a 4 day exposure period . .

Exposure . :
B ’ Sites

time - —
;. (days) M3  M3A  H3 BR2 RL EG4 EG5 EG6

0 100.0:100.0 100.0 100.0 1oo.dlioo.o 100.0 100.0
1 4.8 se.l _2i.3 60.9 42.4 '35.4 40.0 43.5
2 Survival® .::-2' 140.0 50.0 10.0 52.2 . 8.2 12.5 1.6 36.1
3 - 27.1 22.7 6.1 38.3 1.2 4.1 0:3 26.5
iﬂl 4 . 16.3 14.1 .5.2 37.0 1.6 0.9 0.2 14.8
0 8.3 4.5 4.3 0.0 15.2.. 8.3 8.7 8.7
1 0.0 15.4 24.5 7.1 54.3° 3.5.16.3 9.0
s Tnjury® 2 22.9 9.1 .14.4 8.3 91.5 78.3 70.3 74.7
3 3.118.0 63.6 18.2 70.7 93.9 84.6 86.7
4 30.8  29.0 _96.0 9.4 79.é 96.7 77.1 83.8

Determined from counts obtained w1th TSY surface overlay plates

o p
il

Determined by differences between counts obtalned on TSY and DLA
surface-overlay plates .

| DR Y A }
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E. coli

EG4

Comparative injury of E. coli C320MP25 in membrane filter
chambers located at sites M3 (0), M3A (A), H3 (O), BR2 (O),
Rl (V), EG4(®), EG5 (A), and EG6 (M) during a 4 day
exposure period. Calculations of injury to survivors were
determined by differences between counts obtained on TSY
and DLA surface-overlay plates.
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Comparative recovery of S. faecalis RS1009 in membrane
filter chambers located at sites BR2 (®) and EG5 (A) during
a 4 day exposure period. Samples were pour plated using

T™SY () and KF (- - - =) agar.
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selective mediem at site BRZ is minimal in contrast‘to very substan-
tial iossesjin recover at site EGSQ. Table 8 summarizes both the sur-
vival and injurY‘characteristics at all eighf sites. Asjobserved with
the strain of E. coZi, there was considereble variation_of surviv-
:ability as a function of- the different environmentalfsites; The

greatest degree of lethality oecurred'at sites R1, EG4, EG5, and EG6

with less thah 1% of the.populatioh suiviving after 4 days of‘exposure;

In contrast}-aimost-lS% of the po?ulation‘survived'the same exposﬁre -

pefiod a£ sife'HB. The_data for non-lethal injury are presented in .
Figufe 8.. The variability in injury to-surVivors'exsends from a low
of approxiﬁetely 3% at'site'BRZ to a_high of'lOO% et;sites Rl, EG4,
EG5, and EGGNefter 4 days ekposure.

‘Comparlson of Survival and Injury Characterlstlcs :
. of Indicator Organisms :

An.expeximent was designed so as to aiIOWIEOméerison of sur-
vival and receﬁery characteristics of vsrious-species;of'becteria.
Six‘chambess,:eacﬁ‘coétaining a differeht species;'were,immersed‘in
‘_stream:watér aﬁesitévEG6 The test organlsms were. E coli 0320MP25,

E. aerogenes E02072 K pneumonzae 1881, S. fuecalas Rsloo9,-

S. fdectum BSB95 and S bovis C3SE17. The chambers‘were.sampied at .

24 h 1ntervals over .an exposure perlod of 4 days. - E. COZi,_

E. aerogenes, and K pneumontae were enumerated sxmultaneously on TSY
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‘Table 8. Percentages of survival and injury fof‘suspehsions of
' 8." faecalis RS1009 in membrane filter chambers located at
8 different sites over a 4 day exposure period

"E$pdspre
~ time .
(days) M3 M3A . H3 BR2 Rl - EG4 EG5 EG6

Sites

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 19.4 65.5 85.2 85.4 57.6 61.4 37.9 38.4
% Surviéalf'”";éﬂ. 7.5 70.2 71.6 70.8 11.2 30.1 4.0 15.1
| ' 3 5.3 56.0 40.7 13.5 0.3 11 04 51

4 2.2 11.3 14.8 3.8 0.1 1.1 0.3 . 0.5
0 5.7 4.8 1.2 4.5 37$ '.2.4_ 6.9 10.5
1 12.5 7.3 7.2 11.8 89.8. 7.8 66.7 12.1
%lxﬁﬁuryb.:"z"z- 6.2 . 1;7 1q.3' 3.2 9?;9"87.2 95.7 42.3
f 3 4.3 0.0 12.1 8.3 100.0 94.4 95.2 -.95.5

. 4 . 15.8 26.3 95.0' 2.9 100.0 100.0 100.0 100.0 .

a = ﬁeterminédlfrom counts obtained with TSY pouriplates

Détermined by differences between counts obtaired on TSY and KF¥
pour plates ‘ ‘
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S. faecalis ’

Figure 8. Comparative injury of S. faecalis RS1009 in membrane
filter chambers located at sites M3 (0), M3A (A), H3 (O),
BR2 (O), Rl (V), EG4 (®), EG5 (A), and EG6 (M) during a
4 day exposure period. Calculations of injury to survivors
were determined by differences between counts on TSY and
KF pour plates.




78
and DLA agar ueing pour plete procedures. - Pour plafe teehniques were
also used. to enumerate fecal streptococcal séecies employing TSY'and
F agar. ' |

The dete.obtained_on the'non¥seleétive anduselective media Were.
used to plotigraphs of Survivel (Figure 9) and injury (Figure 10); |
The profiles'in,Figure 9 show the variability.of Surviualvof the six
organisms in”terms of their recoverabilityvbn rhe rich TSY agar. At
all sampliné times over the entire exposure period, K. pneumoniae was
found to belrhe_most resistant to death uith apéreximetely 20% of the
original popularion remaining viable after 4 days exposure.

E, aerogenés uas observed to be slightly-more resistant to death than
E. coli. Only 1% of the eriginai population of S}lfdecium survived
after-4 daye,‘uhile S. fhecaiis dould not be deteetedlon the rourth
day. Of aii.tue organisms rested, S. bovis was found.to be the most
sensitive te the environment. Only 7% of the population of S._bovis
could be deteeted after i day, while the_poéuietion was found to 5e
completely npn;viabie afterzj days exposure. -

S. bouie and -S. faecalis were found to be.the'ﬁbet susceptible -
to non—leuhdl injury (Figure 10). Apbroximately 96%¥ef the survivinu |
'population of" these two species could not be recovered on selective
KF agar afrer 2‘days expesure, E. coZt was elso susceptible to injury

as evidenced bylapproximately 96% of the'cells being injured after
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Comparative survival of X. pneumoniae 1881 (1, @),

E. aerogenes EC2072 (2,A), E. coli C320MP25 (3,8),

S. faecium BS895 (4, 0), S. faecalis RS1009 (5,A), and

S. bovis C3SEl17 (6,00 ) in membrane filter chambers during
a 4 day exposure period located at site EG6.
of survival were determined by counts obtained on TSY pour

plates.

Calculations
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Figure 10. Comparative injury of K. pneumoniae 1881 (1, ®),
E. aerogenes EC2072 (2,A), E. coli C320MP25 (3,M),
S. faecium BS895 (4, 0),S. faecalis RS1009 (5,A), and
S. bovis C3SEl17 (6,0) in membrane filter chambers over
a 4 day exposure period located at site EG6. Calculations
of injury to survivors were determined by differences be-
tween counts obtained on TSY and DLA pour plates for the
coliforms and TSY and KF pour plates for the fecal
streptococci.
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4 days expoSqfef‘ About 78%‘of fhe surviving population of E, aerogenes
was not'detecféble on the -selective medium afte¥ 4 days. K. pneumoniae.
reﬁaiﬁed ext¥emeiy resis;ant to ‘damage ovef thé fir%t three days-
whereafter a# iﬁcrease'in-ihjury to approximately'65% resulted on the
‘fourth day;.iS; faecium Was‘also found to be éxtreméiy resisﬁant to
injury as eﬁiaépced By abﬁut 15% loss ih recovery on selective‘KF‘
agar after 4‘da§s of exposufe to the environment of sSite EG6.

Comparison of Recovery Efficiency of Various.
Enumeration Methods

Sevgréi éxperimenﬁs were so-aesignéd as to allow qompéfison of
recovery efficiéncy éf Qarious mefhods:used to enumeratelbacteria
from water;  A chamber, containing a suspenéion of E. coli C320MP25
at an origihal concentration of approximatelyllbG celié/ml, was im-
mersed in fhei%tream wéter at sitg EG6 (Fighre 3). Periodically,.
samples,weré withdrawn and -analyzed simultaneously utilizing MPN,
plating, ahdi%émbrane filtrgtion-methodsg TSY; lactose, and BGB
‘broths were'ﬁséd for MPN‘detérminations; Bbfhtsurﬁace—éverlay-apd
pour plateE#ééhniqueé were conduéted ﬁsing TSY, DLA, apd VRB agafs.
ﬁnumeratioﬁzﬁf memb¥ahé filtration methoas'ﬁas done:uéing TSY, M-Endo
~MF, and MrFC“@edia;

‘Thé'épﬁnts'obfainéd on tﬁe.rich'TSY~ﬁedium by thé respectivg

procedureé are shown in Figure ‘11. ° The graph'shOWS that.coﬁnts -
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Comparative recovery of E. coli C320MP25 in a membrane
filter chamber located at site EG6 on TSY medium with MPN,
pour plate, surface-overlay plate, and membrane filtration
procedures over a 4 day exposure period. Brackets indicate
95% confidence limits for the MPN estimate.
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_ obtained by the:different.methods on TSY medium_fall within the.95%
confidence intervals of-the MPN estimate; therefore,.arithmetic aver- ;i
ages of the,ceunts on TSY medium by the different nethods wére calcu-
lated and are plotted in Figure 12 over the 4.dayAexpd$ure period.
Figure 12 else‘includes profiles ot the counts obteined:with the selece '
tive ﬁedia by the verious procedures (VRB counts'net-depicted in |
Fiéure 12). fhe grabh illtstrates the'superior.redoﬁery efficiency
of the seleetive liqﬁid media over both plating aﬁe_meﬁbrane filtration:
methods. The least efficient methoa of enumeration was by membrane
filtration precedures.' |

A suﬁmarization of the recovery data is presenteq in Teble 9.
Lactose brotﬂ'ﬁfN estimates were foued to gite the'best reeovery
efficieney iﬁ eemparison to counts froﬁ’rich TSY mediuﬁ, Membrane
filtration_ﬁéing M=-FC medium in conjunctien witﬁ e;eteted temperature
incubation'wes'found to be the least effective-inlteiﬁe of recoterings';
the viable‘ﬁoPulation as evidenced bylenly 0.3% of thé cells being
_detected'afte£;2 déyerexposure by this methgd;. Use of M-Endo MF med-
ium was fouhd,te'be elightly more‘efficient thenuM-Fc medium. Overal;;
plating proqedﬁres gave bétter recovery tﬁan membtehe filtration; hoﬁ-e

ever, surface-overlay technigues did not appear td'Be-Superior to

conventional pour plating. Differenhces betweén feceﬁery using DIA or- . .

VRB agar were minimal. ‘Table 9 also indicates thetfthe greatest
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Figure 12. Comparative recovery of E. coli C320MP25 in a membrane

filter chamber located at site EG6 with LAC MPN (@), BGB
MPN (A), DLA surface-overlay plate (M), DLA pour plate
(O), M-Endo MF membrane filtration (0), and M-FC membrane

filtration
TSY counts
using MPN,
filtration

(A) procedures during a 4 day exposure period.
(®) represent average counts on TSY medium when
pour plate, surface-overlay plate, and membrane
procedures.




g

| T

85

Table 9. Recovery of E. coli C320MP25 suspended in‘a membrane filter

chamber at site EG6 with selective and non-selective media
by different enumeration methods over a 4 day exposure

"perlod
‘Percent® cells detected by
Exposure b ‘ o _ Sﬁrface Menmbrane
time . Ave. _ MPN Pour plate overlay filtration
(days) . TSY "LAC BGB DLA VRB DLA " -VRB . M~Endo - M-FC
0 lp0.0' 122.2 94.4 83.3 -83,3 88.9-_88.9; 94.4 77.8
1 100.0 105.3 105.3 8l.3 73.3 78.7 .73,3- 36.0 18.7
2 100.0° 94.4 18.3 3.8 1.6 2.5 0.6 0.4 0.3
3 ‘3100;0 129.6 4.8 0.1 <0.1 - 0.2 ‘lO.l . <0.1 * 0.0
4 1090 65.8 10.8.<0.1 0.0 0.1'- 0.1 0.0 0.0
a = As a percentage of the average of couhte obtained by MPN, pour ..
plate, surface-overlay plate, and membrane- flltratlon u51ng TSY_"
medlum . DI
Average counts on TSY medium when using MPN, pour plate, surface-

‘o
It

overlay plate, and membrane flltratlon
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increase in non-lethal injury on most selective media occurred between

the first and second day of exposure to thé aquatic environment as
evidenced hy:a large loss in recovery efficiency upon enumeration
after two days of exposure. - . |

A similar experiment to examine recovery efficiencies of vari-
ous enumeration methods was conducted us1ng S. f&ecalzs RSlOO9. "A
chamber, containing a suspension of cells at approx1mately loscells/
ml, was immersed in the stream water at site EGG;(Figure 3) and ex-
amined daily over an exposure period of 4 days. 'hicuid media used
in the MPN'method were  TSY, AD, EVA; and PSE:brothsl_ Enumeration by
pour plate methods was done using.fSX, XF, MvEnterococcus, and PSE
agars. Determinations based on membrane filtration methods were per—p
formed using.TSY,lKF, M—Enterococcus, and PSE agars.

The.counts observed on the rich fSY medium”bv'the respective '
procedures are shown.in Figure 13. Counts ohtained with TSY medium
by pour plate and membrane filtration methods were’ found to be in-
cluded Wlthln the 95% confidence intervals for the MPN estimates.l
Therefore,-as With-the case of E, eoli, arithmetic averages of the

counts on TSY medium by the different methods were utilized for com-

parison to recovery efflClenCleS on selective media (Table 10)

Examination of Table 10 reveals that the greatest amount of non-lethal

injury was observed. with PSE medium. Substantial-loss in recovery

Y R f I

L
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Comparative recovery of S. faecalis RS1009 in a membrane
filter chamber located at site EG6 on TSY medium with MPN,
pour plate, and membrane filtration procedures during a

4 day exposure period. Brackets indicate 95% confidence
limits for the MPN estimate.
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Table 10. Recovery of S. faecalis RS1009 suspended in a membrane
filter chamber at site EG6.with selective and non-selective
medid by different enumeration methods over a 4 day
exposure period

Percenta.cells detected by

Exposure .5 .
~time Ave. . MPN ' ‘ Pour.plate - Membrane filtration
(days) TsSY AD EVA PSE KF ME PSE"~KEv ME PSE

o 100}9. 78.3. 78.3 108.3 91.7 91.7 9;;7:‘91.7 83.3 83.3
1 10078.‘64.é 98.6 . 46.5 71.8 88.7 19}7'.66.2 ‘9.8 38.0
2 1dp¢o 7.6 11.4 ' 1.7 3.8 51.7 ' 0.§: 1.7 55.2 1.0
3 106fo_j14.9 l3f4‘ 5.5 12.8 44.7 zi;"-%é.g 31.9 8.5 .
4 100L§f.33.8 41.5 2.6 7.7 40.0 0.8 11.5 29.2 0.8

a = As a percentage of the average of counts obtained by MPN, pour
plate, .and membrane filtration using TSY medium -

o
i

Average counts on TSY medium when using MPN, pour piatey and
" membrane filtration. S
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efficiency was observed when poﬁr plate, membrane filtration, as well
as MPN methods were used in conjunction with PSE médiﬁm. The maximal

amount of recovery was found with M-Entérococcus medium in the pour

plate'and membrane filtration techniques. The'reCOvefy of 8. f&ecalis_:'

cells on KE:medium was not as effiéient as'on_M—Enﬁerococcus medium,
yet substantiélly superior to PSE medium. The recévery efficiencieé
of AD and EVA broths using MPN methods werg'found_tqlﬁe eésentially'
equal; howeyer} both of these were substantially md?e efficient than
- PSE broth.  Comp;rison of‘MPN, pour plate, and mémbrane filtration
methodslas.a whole (excluding M—Enterogéqcus medium ffom consider-

ation), reveals that MPN methods gave slightly better recovery effi-

Lltl

ciency than either pour plate or membrane filtration procédures during

"the later 3:days of exposure. -ﬁecovery efficieﬁciesﬂwith pour plate
- and membrahéffiltration technique; were observed‘ﬁo'be essentially
simiiar. |

Compafison of recovery efficiehéies_of ﬁarioﬁsfenumefation
methods weréialso conducted with naﬁural Suséénsioné.of raw sewage.
In ohé such e#periment, a membrane filterfqhamber,¢ontainipg a sus-

pension of raw sewagé was immersed in stream water at site EG6

(Figure.3). 'Samples were withdrawn from the chambef‘on a daily basis

over a 4 day ‘exposure period. Coliforms were eﬂﬁmqrated_using DLA

and VRBlagéf'in both the'pour plate and surféce—pnglay techniques,
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as well as h&'membrane filtration procedurés using'M—Endo MF and M-FC
media. Confifﬁation of probable coliform_erganisms waa acconplished
by picking ceiqnies into BGB broth. At the same time samples were
analyzed fer-celiforms, enumeration of fecal streptococci was per-
formed using:bdth plating;and membrane filtration techniques; KF and
M—Enterococens:agars were used With pour plate techniqnes. These

same two media were also used with the membrane filtration precedure.

Probable fecal streptococcal colonies were'picked:into.EVA broth for .

confirmation.‘-

Data ehtained for raw sewage over the 4 day exposure period
with membrane;filtration methods are shown in Figune 14. The rate of
die—away'fen-the total coliform population was fonnd to he fairly
constant, heéinning with an‘o;iginal concentration.et:approximately
10° colifofms/ml and ending with about 3.0 x 103 eb;itotns/mi after .
4 days. The'teqal coliform portion of the total coliform population
was observeq,to die—away at a very rapid rate, beginning with over
10" fecal eoiiforms/ml'and'ending with oniy 10t feeal coliforns/mi
after 4 days. As a group, the fecal,stteptococci_;efe more resistant
to die-off than the fecal collforms. Ev1dence that the fecal strep—
toc0001 wete mere per51stent than fecal collforms can be seen from the
profile of‘the‘Fc/FS ratlo. The original FC/FS ratlo was 3 9 and
rapidly dropped to 1.2 after 1 day and eventually to approxlmately

O,l after 4_days. ‘The decreas1ng ratio over the 4 day exposure perlod
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Recovery of total coliforms (TC, ®), fecal coliforms
(FC,B ), and fecal streptococci (FS,A) by membrane fil-
tration methods from a suspension of raw sewage in a
membrane filter chamber located at site EG6 during a

4 day exposure period. The FC/FS profile (0O - - 0)
represents the ratio of fecal coliforms to fecal strep-
tococci in the raw sewage at each specific sampling time.
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indicates tha;.ﬁhe.fecal coliform groﬁp was -more susceptible fo deéth
in“the Wate%'enfirohmept than thét of the fecal-stfépﬁécoccél group,
at least within the limitations of the recoVefy efficiencies of the |
“procedures usea;

A coméariéon of the récovery efficiencies'df.thé various
methods of enuﬁerating coliforms aﬂd fecaletreptoqoeci from raw sew-—
age is presenfed in Table 11. The efficienc§ of coiiform recove?y by
the vérious ﬁeéhods is compared to recovery on.DLAjéurface—overlay
plates. Péur plate procedures were not as efficient és surface-
overlay'techniéues, DLA agar gave slightly superidrirecoVéry thaﬁ dia
VRB agar witﬁ éither pour plate or‘sﬁrface—overlay methods. M-=Endo MF
medium with membrane filtration wés found to be the 1east‘ef£icient
as a recovgrf.méthod; espeeially auring the 1ast'2-days bf ekposure
to the aquafiC'énvironment. Compar?son of recoﬁery.efficiency of
fecal streptococci reveals somewhat.higher recovery ﬁsing pourlplate
methods asfoépdsed tb membrane filtration techniqueé;_ Neéligible‘dif-
ferencgs in7£§pévgry efficiencf between KF and M—Eﬂterococcus media |
are alSO‘évideﬁt in Table 11.

A siﬁilar exéeriment was conducted. to compéfe\ﬁhé,recdvery ef-
ficigncy of.colifoims by various methods -from a nétgfél suséensidn of
raw sewége‘in'a membrane filter ghambér immersed'in'gtxeam waﬁer at

site EGG‘(Figﬁre 3). Samples were withdrawn from' the chamber on a .
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Table 11. Recovery of coliforms and fecal streptococci from a -
suspens1on of raw sewage suspended in a membrane filter
chamber at site EG6 with selective media by different
enumeration methods over. a 4 day exposure period

Coliformsa \ _ Feecal Streptococeib

Percent célls detected by . Percentg cells detected by

Exposure Surface- . Memb. N Memb. "
time bverlay o Pour filt. Pour: . - filt.
{days) DIA VRB DIA VRB M-Endo KF ~ M-E k¥ M~E
0 100.0 100.0 92.9° 92.9 85.7  100.0 102.0 72.0 70.0 ;
1 ©100.0° 96.0  78.7 72.0 72.0 100.0 109.0 89.1 65.5 |
g o ‘ : i
2 100.0, 88.0 96.0 76.0  84.0 100.0 100.0 90.1 71.8
3 100.0. . 77.8 94.4 72.2 55.6 100.0'°100.0 92.3 82.1
4 100.0 68.8 68.3 43.1 19.4 100.0° 88.9 " 82.4 82.4 A
‘a = Counts based on conflrmatlon in BGB broth :
. b= Counts based on ‘confirmation in EVA broth
= As a percentage of counts on DLA surface—overlay plates '
d'= As a percentage of counts on KE pour plates . ”i'- o R |
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daily basis over a 2 day exposure period. Enumeration of total coli~

' forms was accomplished using lactose MPN, surface-overlay plating with -

DLA agar, and membrane filtration with M-Endo MF medium. BGB broth

was used to confirm probable coliform organisms. "‘Also, transfers from .

positive BGB b;eth tubes were made into Eé medium .in order to develop‘
probable feea;-eoliform densifiee. The direcf,ise1a£ion of'fecai
coliforms wasrdone by.ueing M-FC membfane filtratieeﬂérocedures‘at
the elevated eeﬁperature incubation. Probable fecal coliform colonies
on M-FC media were also confirmed in BGB and EC meaia.

A cempaiison of the recovery efficiencies of the various
methods of'eau@efating coliforms and fecal coliforme f?oﬁ raw sewage .
T is presented in.Table 12. The.reCovefy effieiene?'ef coliferme by |

‘surface-overlay plating and MPN techniques were f6Und to be quite

similar. However, membrane filtration was found ‘to be the least ef- .:

ficient in detecfing coliforms as evidenced by.the;detee#ion ef only
61%.of tﬁeaeolifdrms by membrane'filtration inlcoﬁpa;ison to detec-
tion by sﬁ#face=overlay procedures at O-h. After é aays exposure,
only 34% oflthe'coliforms Qere recovered by M—Endo MF'membrané’file

tratlon as compared to DLA agar surface-overlay platlng

Detectlon of fecal collforms from raw sewage was also found to

be 1east eff1c1ent when u51ng membrane flltratlon methods (Table 12)

The use of direct isolation of fecal collfqrms by elevated
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Table 12. Recovery of coliforms and fecal coliforms from a
'suspens1on of raw sewage suspended in a membrane
fllter chamber at site EG6 with selectlve media
. by dlfferent enumeratlon methods over a 2 day
exposure period . '

‘Coliforms® - | ‘Fecal colifdrmsb

Percent® cells detected by |

Exposure  Surface Membrane  Surface L Membrane
time overlay - MPN filtration overlay MPN - filtration
(days) .DLA LAC M-Endo DLA LAC © M=-Endo M-FC .
0 ' 100.0 . 92.9  60.7 100.0 = 108.3 65.8 50.0
1 . 100.0  75.7 64.9 100.0 - 73.7 52.6 28.9
2 ©°100.0 106.3  34.4 © 100.0 113.8 21.0 10.3 |
a= Counts based on conflrmatlon in BGB broth |

Counts based on conflrmatlon in BGB broth and EC medlum

As a percentage of .counts on DLA surface-overlay plates

Q
il
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temperature methods was found to be the least efflclent recovery
ﬁmethod, ranglng from 509 recovery at 0 ~h to 10% recovery after 2 days ;f
.exposure!when'compared to surface-overlay_technlques. Membrane fll—.'
tration methods using.M—Endo'MF medium_followed by identification of
fecal colirorms wlth EC medium was observed to improve:recoverabillty
pofffeCal colirorms'tola slight extent.‘ Both”surface-overlay plating
and MPN procedures were. found to glve-superror recovery of fecal coll—

forms than by membrane flltratlon methods.

Repair Experiments
Experiments were conducted to determine whether cells-injured
by env1ronmental stress in natural waters had the capablllty to re-
palr themselves when exposed to a sultable'env1ronment.‘ A total of .
chree repair.experiments were conducted: Z. coZ% C320MP25 was utile-
" ized for a 2 day exposure period, E coZz WC959 was: utlllzed for a
7 day exposure period, and S. f&ecalts RSlOO9 was‘utlllzed for: a ;
' z,and 4 day exposure perlod. The locatlon for all these experlments :
“was at s1te EG6 (Flgure 3) The methods‘used in these experlments
.have been prev1ously descrlbed in the Materlals and Methods sectlon.‘
The data observed w;th E. aoZ¢ C320MP25 us1ng non;selectlveESY
agar “and. selectlve DLA agar are plotted in Flgure 15 ‘as a functlon of
itlme of exposure ‘in rlch TSY broth. ~The control-or O—h curves, usrng-

‘ both medla, represent growth curves for a populatlon of cells whlch
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Repair of injury in TSY broth for E. coli C320MP25 cells
having been exposed to the stream environment of site

EG6 for 2 days. Control or O-h cells (®) and 2 day exposed
cells (A) were enumerated over a 6 h growth period in TSY
broth using TSY (—— ) and DIA (- - - =) surface-
overlay plates.
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. had not beehngxpoéed to the natural water énviﬁonﬁent.: Relatively
equal detection of Viabie organisms for the control'éopulafibn was
observed over.the é‘h growth period using eithéﬁ the_non—selective
medium oxr the sélectivé meaium.! The control curve iliust?éfed approx- "'
imately a 1 h iag period before inifiation.of multiplicétion and
transition to'the logarithmic phase of growth.. fheygapulation of
cells which‘had been exposed to the en&ironmen%al éfreés of the

stream for‘§ period of 2 days was found to cdntaiﬁ:a‘éubétantial pro- :
portion of.injﬁ¥edlcells (95%) assevidénéed_by-the lessenéd recovery
of inju?ed celis on-DLA agar as'éompared'to TSY agar. Aslthe injured
pbpulation_bf qellé was exposed #Q'thé rich TSY brbth, over the 6 h
‘time period, an increaéing proportion of qellé wés éble_?o repaif
themselves éﬁqh thé; they could produée.colonies 6n’thé.selective DLA
agar. Aftéxrz% - 3h of.éxposufe to the TSY:#rbth, counts obtained |
with both tﬂethon—selective and selective media ﬁe;e.approximately
equal, indiéating'that fhe injured proportibn of the populatioﬁ,had
rapidly repaired énd recovered from ipjury in fhé;rich TSY medigm.
During thé'é% ~ 3 h repair period, counts on TSY.§§§r wefe obSefved to
remain rel;tivély constant, resulting in ah exténded-lég period as
éompared to thé'control populationf . Subsequent Fé'this 2% -3h
repair pefiéd; mﬁltipliéaﬁion waslinitiated.as e?iaeﬁced by concomif

tant increases in counts on both'thé TSY and DLA agar.
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Membrane filtration methods werefused.fqr enumeration of
E. coli WC959 .in a second repair experiméﬁt‘at.site EG6 (figure 3).
As in the p?eviéus.experimént, it was obse;ved that relétive1§ eéual a ‘f
counts for thé_cbntrél population Were oﬁtainedlwith the non-seiective
medium and seiectiVe media over the 8 h growth berioa_in fSY broth
(Figure 16).(‘Also, a similar lh 1ag-peri§d prior‘to.geginning the
1o§arithmié‘phage of ﬁﬁitiplication was observed for'the céntrél popﬁ-'

1ation.ih this experiment. ‘A large proportion of cells were found to

be injured aé'a,reéultlof 7 days exposure to the aguatic environment
as evidenced by the loss .in recovery on thé selectivé.medium‘as com-~-
bared to TSY medium. It should be noted that -during the thira to

" fifth day of exposgre‘to the‘water, fhé enti;e ceil'sﬁspensiopvbecéme

frozeh with the membrane filter chambér due tb:extfemely cold‘Weather

conditions.. Water temperatures rose above ffeezing during the sixth

and seventh days of exposure.such that a sample was obtained on the
seventh day. '~ As the injured population of cells was exposed to the
rich TSY broth over the 8 h time period, it was féund-that increasing

proportions bf the injured cells were able to raﬁidly repair‘thé*

non-lethal injury such that tﬁey could ptoduce colonies on the seleé-
tive M-Endo MF and M-FC media. After-approximatély 4 h of exposure to
the TSY broth, counts,obtaihed_with the non-selective medium and two

selective media were essentially eqﬁal;‘indicating_complete repair
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Repair of injury in TSY broth for E. coli WC959 cells
having been exposed to the stream environment of site

EG6 for 7 days. Control or 0-h cells (- - - =) and 7 day
exposed cells () were enumerated over an 8 h growth
period in TSY broth using TSY (®), M-Endo MF (A), and
M-FC (M) media with membrane filtration procedures.
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and recovery of the 1njured populatlon. An extended lag period of

-4 h, as ev1denced by unlformlty of counts on non-selective TSY medlum,
was observed for the populatlon of stressed cells as opposed to the
1h lag period'for ‘the cOntrol'population. A-simultaneous increase in :
counts on-thernoh—selegtive medium and the two seiective media after .
approxihateiY'Q‘h in the TSY broth indicated that cell mdltiplication‘
had begun. | ' -

A third‘repair experiment was conduoted,using a fecal strep-
tococcal species, 3. faecalis RS1009. The membrane.filter chamber was
again loéatediat site EG6.. Enumeration was by membrane filtration
methods after 2 days and 4 days exposure to‘the natural water as well
as an enumeration of the control population, vhioh was not exposed to
the aquatio:environment. As previously observed with the two strains
of E. coZi,_relatively:eoual counts for the control population of
S. f&ecalis‘were obtained with the non—seleotive TSY medium and the
selectlve KF medlum over the growth perlod in TSY broth (Flgure 17)

i Slmllarly, a l h lag phase prior to 1ogar1thmlc growth was observed

in this experlment for the control populatlon. A.small‘portlon-of the
popdlationMot cells was found to be injUred'after 2"days exposure to
the stream env1ronment. ThlS 1njured populatlon vas observed to be
capable of rapldly repairing the non-lethal 1njury in TSY.broth such

that the population was completely repaired ‘and could.produce colonles_
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Repair of injury in TSY broth for S. faecalis RS1009
cells having been exposed to the stream environment of
site EG6 for 2 and 4 days. Control or 0-h cells (®),

2 day exposed cells (A), and 4 day exposed cells (W)
were enumerated over an 8 h growth period in TSY broth
using TSY (————) and KF (- - - =) media with membrane
filtration procedures.
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on selective KF medium af£er 2 hin TSEibfoth; A'laﬁéer proportion
of the céllé'ere found to be injured after 4 days exposure in the
stream enviroqment, reéulting in a longer time commitment of 3% to 4 h
in order to complete the repair of‘the'injured population in the TSY
broth. Additiopally(‘a 1ongex lag phase o£l3%.to‘4 h priof"to multi-
plication was observed for those cells eXposed for 4.aa§s as compared
to a 2 h lég p&ase for those cells expoSéd for 2'déYS:to the stresses

of the aquatic environment.

Enrichment Experiments
An enrichment procedure was compared to theicénventional mem-
brane filtration direct procedure for the récovery~qf a suspension

of E. coli C320MP25 eiéosed td the stream environment: The membrane

filter chamber was located at site EG4'(Figure 3) énd'examined dailj T
over an‘exéosﬁfe pefiod of 3 days. The specifi05pro§¢ahres ha&e beén‘
previbuslyﬂdegéribed.‘ The data (figﬁré 18) indicaﬁed that-a‘short
enrichment'périod'of 2 h oq rich, non—seieétive*TSY medium priér to
: exposure‘té Specific selective media substantiallyfenﬂanééd the re-
covery of th;"total viable population relative ﬁé'fééovery'by d;rect
primary exéééﬁfe tolsélecti§e‘media.._ |

_Tabie 13 presents a compa;isoh‘bf the reco§é;§'efficiencies of
direct and éﬁfichmeﬁt procédures.ésla function of the enumeration with

TSY medium. The application of,direqt'primary exposure to the
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Comparison of direct and enrichment membrane filtration
techniques for the recovery of a suspension of E. colz
C320MP25 located at site EG6 over a 3 day exposure period.

Direct techniques (———— ) consisted of the direct trans-
fer of membrane filters to TSY (A), M-Endo MF (@), and
M-FC (M) media. Enrichment techniques (- - - =) consisted

of 2 h incubation on TSY medium prior to transfer of
filters to M-Endo MF (®) and M-FC (M) media.
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Comparlson of direct and enrichment membrane filtration

o
]

Table 13.
technigues on the recovery of E. coli C320MP25 suspended
- in'a membrane filter chamber at site EG4 over a3 dqy
exposure period
Percent® cells detected by
Exposure . M~Bndo MF - - mM-FC
time = - — S 5
(days) -TSY Direct a Enrichment” . Direct™ Enrichment®
0 100.0 : 103.8 ' 115.4 _ '88;5:3 - 115.4
1 '100.0 75.0 105,0- 22.5 . - 50.0
2 100.0 7.5 100,0 31.5 - 68.5
3 100.0° 4.6~ -  50.6:. 0.6 - . 16.9
a= As a percentage of counts on TSY membrane fllter plates
b = Dlrect transfer of membrane filter to respectlve selective medla

A 2 h enrichment on TSY- medlum prior to. transfer to respectlve

' selectlve media
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elevated temperature of 44.5 C.with M-FC medium was found to severely h
1imit'the reooverability of E. coli as evidenced oy‘the'factithat the
recovery‘of.tte‘total viable‘populatlon was approximately 23% after
1 day, 32% after 2 days, and less than 1% after 3 days exposure to
the stream env1ronment. Enrlchment of membrane fllters on TSY medlum
for 2 h prior to transfer to M-FC med;um_lncubatedvat-the elevated
temperature Wasrfotnd'to more than double the ieédvéﬁQ ofiE. coli for
all exposurefperiods, indicating that a.proportioa‘ot the injured .
cells were'oapable of repair‘durlng the-2 h enrichdent‘period.‘

The direct use of-M-Endo MF.meditm was alsonfound_to inhibit
the recovery of E. coli as compared to TSY medium; yet primary expo-
sure to M—ﬁﬁdo ﬂF‘medium Was found to be less harﬁful than direct use
of M-FC medlum (Table 13) An enrichment perlod of 2 h prlor to
transfer to M—Endo MF medium was observed to substantlally 1mprove
recovery of stressed cells ofhE..colt. Suff1c1ent‘repa1r‘of the 1n—-'
juredvcells_ocotrred during the enrichment éeriod'sdch'that essen-
tially-eqdal recoverability-was‘obserﬁed on M—Endo MF medium:as com—
pared to TéYlmedium during the'first 2 days or'exposure to the aquatic
envir0nmeﬁt; Approx1mately 51% of the populatlon was recovered b§
enrichment - M-Endo MF procedures after 3 days of exéosure.‘ For all
exposure periods,‘enrichment on TSY medium followed by‘transfer‘to

M-Endo MF medium was found to be the most efficient selective method
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of recbvering’the viable popﬁlation of E. GOZi, whénlcémpared to
counts obtained 6n the rich, non—selecﬁive4TSY'médium.

Recovefy:efficiencies of total,coliforﬁs and”fecal colifo;ms
were.élso eké&iped using a‘natural sﬁspéﬁsion of raw'sewage in a mem-~
brane filfer éhamber immerséd at site EG4i Comparison of tﬁe re-
covéry of tgﬁal coliforms using direct éﬂd\enrichﬁéﬁt:fechniques with
membrane filtration procedureé is shown in Eiguregi9; 'Ovef éhe é‘day
exposure pgriod it was foﬁnd that improved recoveif éfficiency cQuld :
be attained by uéing.a 2 h enrichmenﬁ on TSY medium prior to exposure
to the seledtivé M-Endo MF medium és opposed to diréct appiicatiOn of 
selective M?ﬁhdp MF medium.._The_effecfiveness of thé enrichment step
became moré‘evident during the latter 2 days of the egperiment.

Recove£y7efficiepcy of direct-and enrichmen%,methods.fof fecal
coliforms ffom.raw;sewage is depicted in Figure‘zo:j-A 2 h enrichment
on TSY medi#ﬁ.pfiof to appiicafion of seléctiVe‘MjEndo’ME médiﬁm was‘
found to subsfaﬁtidlly‘enhancé the recovery of_fecai coiiforms‘over‘
that,recoverealby direct enumeratioﬁ on M-Endo ME médiu@. Simil;rly,
enrichment beforg transfer oflfilfers to M-FC mediuﬁ at the elevated
incubation Eemperéfure resulted in improved recQQefability.of fedal:
coliforms iﬁ‘éombarison to recovery‘efficiéncy usiﬁé direct expdsuré_
to éelectiﬁe‘M—FC medium at 44.5 C. Throughbutithé:énti¥e exposure

period of the raw sewage to the stressful environment of the stream
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RAW SEWAGE - TOTAL COLIFORMS

LOG POPULATION / ml

M-EENDC% P
M~ENDQO @~===®

DAYS

Comparison of direct and enrichment membrane filtration
techniques for the recovery of total coliforms from a sus-
pension of raw sewage located at site EG4 over a 3 day
exposure period. Direct techniques consisted of the
direct transfer of membrane filters to M-Endo MF (&—@)
medium. Enrichment techniques consisted of 2 h incubation
on TSY medium prior to transfer of filters to

M-Endo MF (® - - @) medium.
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RAW SEWAGE - FECAL COLIFORMS

M- ENDO e——o

M-ENDO'®- --- e
\ M-FC #—a
M-FC'm----m

o
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n

0 | 2 3
DAYS

Comparison of direct and enrichment membrane filtration
techniques for the recovery of fecal coliforms from a
suspension of raw sewage located at site EG4 over a 3 day
exposure period. Direct techniques (—————) consisted
of the direct transfer of membrane filters to M-Endo MF
(#) and M-FC (M) media. Enrichment techniques (- - - -)
consisted of 2 h incubation on TSY medium prior to trans-
fer of filters to M-Endo MF (®) and M-FC (M) media.




110

water it was observed that the most .efficdient method for the-recovery

of fecal coliforms was by a'éhort 2 h enrichment on rich TSY medium

followed by‘transfer'to sgiective M-Endo MF medium: pi£ect_eﬁumer-
ation by primary application of either M—Enao MF 6: ﬁ—?c ﬁedia were
found to be thé.most-inhibitofy toward recovéry of coiiforms-of fecal
origin,'espééially during tﬁe last 2 days of exposﬁ;e fo éhe &afer en-
vironment.f:Thg_1east'efficientimethbq of reqover?fof'fecél coliforms
from raw sgﬁégé,was-observed whenvusing direct ap?iiéation of M-FC

medium in conjunction With'the 44.5 C elevated'incubation temperature.

Chemical ana'Physical Results
Chemical and physical analyseés of water sampies-collected from
locations for'membrane Filter chambers were donelperiodically through-

out the course of the study. Concentrations of various constituents

_for the ten site locations during a single sampling period is shown

in Table 14;: Variation in Qater-quality charactéfiétiCs in terms of
anion, catidn, and.nutrient concentrations amongffﬁe‘Qariops sites is
readily evidépt. Sites located below the Outfall‘ofifhe'Bozeman
Wastewater-Tfeatmént Plant (EG5 and EG6) reflectiéhe contribution:of
nutrients.(pﬁosphate, ﬁitrate,'ammonia,.and nitritg) from the domestic

sewage as'Qell as the contribution from agricultural practices in the

- proximity of the river. 'Lower concentrations of . .anions, cations, and

b




Table 14. Chemical and physical parameters for the 10 site locations (all parameters
were measured from samples taken on 9/11/73 unless otherwise specified)

Site Iocation

Determinétidn . M3 M3A ° H3 ° BR2-° Rl  EG4 ° EG5 EG6  Well®
Water teémperature 5.5 7.5 6.5, 9.5 8.5 9.5 10:.0 10.5 9.5°
- (C) o ~ o - .
pH - © 7.98 7.87 7.70 7.99 8.22 8.01 7.92 7.95 7.55
Specific Conductance 219 328 122 398 425 378 405 391  --b

(micromhos @ 25C) ’ ’ . :

Total hardness 103.6 163.6 53.6 192.2 -211.0 189.8 195.8 190.8 201.0
~ (mg/1 CaCOsj-
Calcium ‘ 29.8 46.5 16.0 55.8 57.7 53.0 - 55.3 58.1 55.8

(mg/1) , C . ' ' :
Magnesium 7 .. 7.1 11.5 3.3 12.8 16.2 13.9 14.0 11.1 14.9

: (mg/1) 7 s o : |
" sodium . 3.0 - 4.1 2.4 10.8 7.6 7.8 9.4 10.6 .9.9
(mg/1) L L R _ , -
Potassium : . 1.3 2.0 . 1.1 0.8 1.9 1.8 2.1 2.4 3.6
(mg/1) L | R | o .
Total alkalinity ~  101.5 164.5 55.5. 192.0 191.0 185.0 189.5 .181.5 -207.5
. (mg/1 Cacos) - . T o
Sulfate . - © . 10.8 8.0 5.8 19.2 36.3 :20.6°.21.0 21.8. 13.2
(mg/1) - DR oo . _
.Chloride . L 2.0 .0.5 0.4 1.6 1.9 2.1 4.2° 4.1 4.0
 (mg/1) '
a = Determined on 4/28/73

o
il

Not determined
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Table 14 (continued).

Site Location

Determination M3  M3A ©  H3 BR2 RL ~  EG4 EG5 EG6  Well
" Total phosphate. . 0.047 - -0.043 .0.058 0.018 0.028 . 0.034 0.180. ' 0.400 .- ~--
' (mg/l PO4-P) - S e e PR

orthophiosphate 0.039  0.033 0.051 0.010 0.017 0.024 0.150 0.250 0.070
(mg/1 POy~-P) : ‘ S -

Nitrate ~ 0.019 0.000. 0.037. 0.077 0.057 0.200 0.330 - 0.470 0.400
(mg/1 NO3-N) ' ‘ )

Nitrite : 0.000 0.000 0.00L 0.002 .-0.003 0.006 0.003 0.008 0.000
(mg/1 NO,-N) ' - . - '

Ammonia 0.006 0.006 0.005 0.021 0.017 0.010 0.130 0.220 0.160
{mg/1 NH3-N) : : '

Total carbon 23 37 16 46 46 45° 47 45  ~--
(mg/1) , B , : _

Organic carbon 4. 4 5 -6 7 5 6 8 ~—==
(mg/1) = ' _

Inorganic carbon 19 33 11 40 39 40 41 37 -=-
(mg/1) _ : , ' : , o

Residual chlorine . - - - -= - 0.00 0.06 0.00 - ===

© (mg/1) ' |

‘a = Determined on 4728773 =

b = Not determined '

ZTT

™T

L
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nutrients at sites M3, M33a, and H3 reflect a high quality water opig— i

inéting from snowmelt in' the adjacent mountaiﬁs.
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Chapter 5
DISCUSSION

Most sanitary. indicator organisms, as well as the enhteric water-
borne pathogéns, are'bacteria'whose-naturallhabitét is the intestine of

man and warm-blooded animals. . When discharged in the feéeé; these

microorganisms frequently gain- entrance into a body of water. This new -

aquatic environment is foreign to enteric bacteria, being much differ-
ent from the. surroundings of the intestine. In the_intéstinal tract,
the bacteria are exposed .to a constant temperature of .37 C in contrast

to the relatively'much colder and. fluctuating temperétures,of aquatic

environments. ' Additionally, the available nutrients for growth and

survivai are reiatively'very'minimal in the aqugtié‘system‘as cbmpared
to the.very;nutriént rich confines Qf ‘the intestipe. Ih a éenée, the
micioorganismé'are Presented with\stérvation éondi;ions iﬁ the aquatic
environment_dﬁézto a lesser.aQailability:df‘growth.nutrientsi Ih
short, thérmiCxoorgani§ms leévé_thé'favorgﬁlé ehvironﬁéﬁt of:the'intés?
tine and eﬂf9ﬁ a‘vef§'néw and foreigh,aquafic habiﬁét; -
Exteﬁéivé documéntation of‘éﬁrvival charaeteriétiqs of enteric
bacteria‘héé'been'made.by a number of iﬁ&égﬁigators.:.In.genéral,-it
has been observed that natural waters are unfavo£abié as a-growth envi-

ronment, as evidenced by bacterial survival data exhibiting die-away'

' characteristics. Thus, essentially two’sub—popuiatioﬁs.offCelis‘have‘
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been considered in most survival étudiésL  One. fraction is those pells
which cah_withéténd_the foreign aﬁuétic environment as réflected by
their detectioﬁ and enumeration‘using standard laboratory procedures.
The other sﬁb—populatiOn is those cells which cannot persist in the
unfavorable,éﬁﬁironment}‘reSUlting in death énd:non;ééfection. |

Thé pxeéént study indicates that caféful‘cd;éidération should
" be given tdiﬁhé;poséible existence of a'third.subjpdgﬁiation of cells.
This third popuiation of cells would be thgt portiaﬁ of the total popu;

lation that.has'become physioiogidally debilitated, damaged, or injured

as a.resulﬁ 6? eXpoéure to the stfesses of the aquafic environment. If
should be eﬁfha;ized that thisfehvirénmehfal étreéé‘may merely iﬁjure_ ‘ .‘ﬁ
the ceil bqf'néf necessarily kill or destroy it;.:v

Witﬁ~thg aid of membrane filter chémbérs‘devél&ped by McFeters
and Stuart'ESG), it was possible to follow the su#vival'and recovery |
charécteri;tiqé of a populétioﬁ of éells as-a fuhption of time of ex-
bosure in fﬂg,aéuatic environment. This membrané filter éhémber.was a
;ystemlopen:ﬁofthe influences of the watei‘envixonﬁent, éince it per-

mitted the’suspended organisms to be in direct contact with many fac- '

‘tors of the.équatic environment, including'pHy‘temperature, diffusable‘
nutrientsy:toxic éubstances, dissolved solids; and other chemical and .'_ 1

physical cohétituents of natural waters.

~ ot
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froper‘bqnsideratién must alsofbé'giQén‘to.the fact'that certain
inherent disédvantages_are‘associated With.the uselofyphése membrane
filter chambers. For iﬁétance, thée natural effeqtéjof predatioh by
protozoa upoh‘bactérial_populationé are not réfleétedlﬁy this tech-
nigue. Also, ‘the bacte?ia are confined in a localizedférea of water
and are nog subjéct £o dispersioh by dilution, adso;ﬁtion, and seﬁ%
tling. Consiéération mﬁst_be given to the éossibilityléf cryp£ic
gréwth withiﬁ the confines of the memb?ane filtefjéh;ﬁber} Cryptic
_grthh occﬁ;s\frbm the 1eékage and lysis productsldf aead'organisms
whicﬁ may support: the growth of‘sﬁrvivo¥s. .Addifibnally, the péssi— ,
bility of-adﬁesion of bactgria.to the ﬁembrane fiife;fside walls or
_Pléxiglass;must be’coﬂsidered, since recovery of survivoré.wduld be.
underestimated.due’tb‘the‘possible adhesion of celis t§‘the chamber
componentgl ‘EQen if substantial numbers of baétérié'do adhe£e to tﬂe
lhembrane fi;ter chamber, it was nét cénsi&eredltdzgfféctnthe 6bjec—

tives of this research since detection of injured microorganisms was

Lol

dependent .upon simultaneous enumeration on non-selective and selective

media'frdm thé-same sample"withdrawn from the chamber. Unless a dif-

"ferential selectivity of adhesion to the membrane filter chamber com~

ponents exiéts for non-injured and injured cells, this disadvantage of ¢

"using the'membrane filter chamber is greatly diminished.
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Sample;,'whicﬁ were péfipdiéally withdrawn from the membrane
filter chambéx,,were simu;taneously enumeratéd with a rich, poh—
selective méa{um and with a specifié selegtive_medium éontéining in-
hibitory agenté. The count obtained with the non—seleétive medium'QaS

considered to be the total viable population, i.e., both injured and . - ‘

non—injure@_éé;is. The.count obtained with the'seiéétive médium w&s
considered tp"bé that portion of the total bopulaﬁioﬁl&hich Was.nén— o : }
injured. The.aifference‘in counfs.obtainéd on thefnsn—selective.and
selective med#a for a given exposure period was défineﬁ.as that part
of the éot;i population whiqh was physiologicélli,aebilitated‘or
injured. | | | .
:Routiﬁély, the detection and enumeration'of microorganiSﬁs from

water‘involves:the-direct.application of specific sé1eétive media.

.

These selective media, containing various inhibitory agents, are util-

ized to alidw for the development of the épeéific.ﬁyéés béing sought
to the eXclﬁéiph‘of a multitude of unwanted types. ”Thué, the hicrd-
biologist is forced to.use inhibitory media in'o;dé;:to suppress the
growth of £h§sé‘organi§ms which may interfere with fhe‘detég;ion and
enumerationiof specific desired tyﬁes. However, thé use of selectivé
media oftéﬂ éomplicétessthe;detection‘of injurediﬁid%oorganisms. The
environmeﬁﬁal conditions and/oriadded inhibito£y $gen£s‘utilizéd to

allow for.devélopment 6f the specific types beingpéought may, in féct, .
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exert unsuségcéed inhibitiop, éépeciélly to thbsé‘ééllélsubjected to
stress. Thué; the combinéﬁion of environmental styeééiﬁith subseéuent
utilization.ofjépecific selective media may resul£ in significantly
lowered recovéry of the popuiation of injurea cells.
| The éat& obtained. from various experiments_ﬁsing different spe-

cies of indicator organisms indicate that, in fact, a substantial pro-

portion of a pﬁpulation‘of cells may‘bécome non—letﬁéiiy injured durfn'
ing e#posure t§~the stresses of the,aquétic environﬁehﬁ. A suspeﬁsion
of E. coli C320MP25 located at site EG5 was found ﬁo'be very sﬁscep;
tible to bé%h death and non-lethal injuf& (F;Qﬁre;é): The-rapidly
decreasing éqpnts on_the non—seleétive TSY medium %pdicated that large:
proportions of;ﬁhe population were dying uﬁon increa;ea-exposure time
to fhe watér:gnvironmentl Also, it was observedIthét'éubstaﬁtial

amounts of non-lethal injury, as. reflected by diffefegces in counts on

non-selective and selective media wés.suétained by"E;lcoli Cé2OMP25
.cells-expoé§a £Q the stream environment of site EG5. 1In ggneral; the
amount of injufy to sprvivors'ténded to become a gréater proportién of
the total Viaﬁlg population as the exposure period.iﬁéféased.

Profiles of ;ecovery.of E. coli C320M§257at;site BR2 with both

the . non-selective and selective media indicate that both overall sur-
) . . , N y . .

viva1‘and.ihjﬁry var1éd'accoxding to differeﬁt siﬁésg(Figure 5). At-

site BR2 the population of E. coli C320MP25 waS‘fbﬁnd to be very stable
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in terms of recoVery'on the non-selective TSY medium.- Also, non-
lethal injury was observed to be minimal to almost non-existent over'.

the 4 day ekposﬁre period at site BR2.

The varying influences of aquatic environmehtsZWith differing

chemical and'étysicai cheracteristics is evident in_fabieA7 ané
‘Figure 6; Amohg the eight site locations, considereble'varietion in
survival and-iﬁjtry characteristics Qere'observed,'especially from the
second to fotrth-da§s of exposure. In othei words{{E;'coZi C320MP25
had a wide reoge'of ability to resist death and'inshri} and.this Vari;
~ation was aifunction of differing chemical-end ph§sicel characteris-'
tics associatec'with each individuai:site (Table 14)..

This,lack in uniformity of tesistance to eithet overali death
or non—lethal icjury among the different aquatic env1ronments was also

evident for microorganisms of the fecal streptococcus group. Table 8

.illustrates ‘the wide range of abillty for S, faecalts RSlOO9 to resist

death and 1njury as a function of the eight different 51tes.
.Stetistical analyses verified the fact thqt:considerable'vari—'

ation in noh—lethel injury occurred to:E. éaZi CBZQQPéS and

S. faecalfs.RSlOO9'(Tables'l7,and.18) aﬁoﬁé the eight sites. The

-statistical analyses indicated that at some s1tes there was not any

significant difference between enumeratiot on non~select1ve and selec-

tive ﬁedia, ”Yet, statistically significant differenCes between counts

IR
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on non—selgétive and selective hediauweré fQﬁnd afﬁer éxpoSgr§ ﬁo
‘several ofi;ﬁe‘stxéam environméntg. -Tﬁe faét'that.Qaﬁyiné dééreés of
inﬁury Qere 6b§erved‘at the varioué siﬁés‘indiéateé thét it well méy
be necessary;tb initiate improvea enumeration methpds in order to moré'
efficientl§,#éc§ver'the population,éf injured cellé; .

It Was.not‘the objéctive of this resgafch to.éttempt fo iden-
- tify the chéﬁiéél_or physical‘factor(s) ;esponsibleﬁfor death or in-
jury to baqte%ial-popuiations. However, measureméhtérﬁf chémidal‘and
physical'characﬁefistics were conducted (Table-l45_énd indié;ted ﬁhat
variation oﬁ.death aﬁd injury observed to populatiéns_of bacteria were
associated ﬁith{varying chemical and physiéé1 cha;acféfistics‘assd—
ciated wit£ ééch site. The magnitude of.deathlaﬂd.injury 6bServed at
sites EG5 and EGGImay be théught fo be the‘influenge of residual éhla-
rine in doﬁésﬁic sg@age effluent eh£ering the river‘abQQé these‘two
sites. HerQér;.less than 0.1 mg/l residual chid?iﬁé could be dé;
tected at‘siﬁe EGé whiie it could‘th be aetected:étigite EG6.._O£her .
&nmeésured faétors, such és.heavy ﬁeta}s, may accguﬁt.for.;he‘aécelf
eraéed‘death_;ﬁa injury.to.bactériaiat theée siteél it iS‘iﬁteres£iﬁg'
to note that.ééual, and sometimes greater, deafh énd injuiy were ob-
"sérvéd for}baﬁterial populations 1ocated remofely from the influenceof
" domestic sewégé, such'as sites‘EG4'and Rl. .fhe greater enhanced su;;

. vival and'miﬁimal injury observed at site BR2 is also difficult to
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explain in tefms of the chemicéi-or physical aquatié'en&ironmenﬁl _In
short, the Gariation in survival and injury of bagferial populations.
at the difféfeﬁt'site locations perhaps result from a‘combinafion of
several chemﬁcé;‘énd physical facto;s{‘whigh’may be different'at the
various sites. 3

.Whilg:conventionalﬂmetths may‘be adequate fo enumératé cells
fromjthoée‘ﬁaté£§’exerting‘minimai environmental éfrgésv eareful qon—i .
sideration shéuld be givén t? develbéiﬁg‘hew fechﬂiqﬁeé in.érder to
recover noﬁ;lgthally injufed cells frsm.stréssful %aﬁer_enyironménts.
Since inju#éq-célls were féund to'Be a iarge propdf;ion of the total
popﬁiation Qhe# exposed té certéih environﬁenés, it‘iS'important"that
fhis damagedipopulation be recovered in Srder'to_ébrféétly evaluate
bacteriologiééi'water quality.

In addition to the‘injury that ocqurred_in ﬁhe aqqatic eﬁviron—
ment,.if wasﬂfoﬁnd that substantial,injury:éouid\bé induéed through
. certain labéfagory manipqlations; -S§mé pf the eéfly-éxperimenfé indi- -
“cated that:péyt of the injury attributed to the‘s;ress of the sfream
~environmen'f Qéé, in fact, injury inflicted'upoh'e;lis‘as a rééult pf
laboratoryftéghniques. Since it'was tﬁe objective of this reseafch to
determine'ﬁhether bécte%ia.could 5e phfsiologicaii&_aébilitaﬁed as a
result.of én&ifonmenﬁal Stréss, it was nééesséryrté‘identify and

minimize any apparent laboratory injury.
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Perhabsfthe most subqtantial amoﬁnt of léboratory'induced aeath '

or injury identified in this research was that of thé‘déleterious‘ef—
fects.of staﬁdard'phosphate bufféred diluent:(Z); lSpeqifically‘de-'
signed'expérimenfs showed that‘treatment-qf pure culture Suspensiéns
Qith phospha#é,buffer during ceﬁtrifugation—washiné'bxdceduresﬁ trans-
port of.chaﬁﬁerézto‘site locations; transport‘of samples back'to the
léboratory;:énd.general labérator§ diiution procedu:;é often\reéulted
in subétantialndeath énd/or injury. 'Tréatment 6f.é-5uspensi§n of
8. faecalis Esi9l3 with regular phosphate buffer re&eaied a much fés—
_tgr die—away.ra£e‘as well as a greater degree of injg?y to sur&i?ors
as compared:tévtreatmént 6f-an-idehtica; suspéhéiéﬁiéf'cells with
gelatiﬁléhéséh;te buffer (Figure 4).'Akégu1ar éhoébhafe‘buffer,was"
also found to_contribufe to non-lethal injury of'survivqfs of a_sus—'
pension ofiE;<coli EC2075 to a greater degree thén-gela£in phosphate
buffer (Téﬁief4); In general, it apééared that E;;coli was slightly
more resistaht:to the to#ic effects of regular phqsphate buffer than
was S. faecalis. ‘. .
The'éﬁatistical‘analyges verified the‘facﬁ-ﬁhét significant

differences existed as a result of enumeration on non-selective and

selectivefmédia when using the regular phosbhate'buffe; (Tables 19 and

20). Furthermore, the statistical analyses,indidatéd that use of gel-

atin phosphate buffer resulted in statistical nonfsignificance for
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' enumeration.on the non—selective"énquQiéétive media, indicating that

the gelatin phosphate buffé;'afforded bfotecfion from labqratory
injury. |

The'acceleréted.die—off and injury of indicator .organisms in
conventionél=phpsphate dilqtion water may possiblfvbe;rélaﬁed to the
level of hea;yfmetal ionlimpurities‘bresenﬁ iﬁ,fhe‘Aisfilled‘watef.
‘The.use éf the.éelatin phoséhate buffer seemed £o afford subétantially
gréater prégéction to bacterial célls. Even the uéé'of sterilized ‘
well waterAQas.found to be less haxmful tq cell sﬁspensioné than Qas
the regular éhégphate diluent (Table 3).

TheféhySiolqgical age éf laboraﬁéry cultures'uéed for survival
and injﬁrylé£ﬁd%eslhas been'shownlto havé‘defini;é inflﬁgncé upon re-
“sulting persistence pattegns (1,73,76;102). ‘In génerél,lyouhg cultures
in thé 1bgarithmic pﬁase of growth havé'bgen founa‘tO'be mofe‘sensitiVe
to various_égéironmental stresses fhap_are older cﬁitﬁres in:the sta-
tionary phaseiqf grQWth.' In the present researcﬁ;fpﬁiy pure éqltureé
in tﬂé stafioﬁ;ry.phase ofngrowth were utilizéd foriéérsiétence
studies. Itawas‘félt thét‘any detéctién'of deét# or injﬁry‘to this
hardier pépﬁiét;on'of.cells Qould'more-realisticéllf emphasiZe the in-~

fluence of environmental stresses upon recovery of bacterial cells

from water than would the same phenomenon occurring to a younger, more .

- fragile popuiétion.
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Consiaeration must also be given to the faé;-pﬁaf”a cettéih;de-
_grée of biasjﬁa§'have been introduced into those‘experimeﬁts-using
pure culturgs{ ‘Th?.pure cultufés of coliforms.an&'fécai s£rept6cbcci
'wére isolated bj;conventional detectionlmethods wﬁé;eby aifect appii—
cation of seleétive media was used. If, in fact, popglations 6f inQ
jured cells’existed in‘fhe water sample, it may wéliﬁbé that isolated
pure cultureéiﬁere the progeny of'non—injured.cel;s;f“Thereforé} by a
"selection ppocesg, the pure cultures'used for su?ViValiand injury .
: studieé’coﬁs{sted of‘thése‘strainsAof.orgénisms;which were most re-
sistant tofstiéSs, Aésuming that the,hardiest straiﬁs‘of micrd—
organisms weré_gsed, it may be said~that any obse;yed.déath or injurf
to this:popﬁiatioﬁ would even add ﬁoré emphasis to“tﬁé'importance‘of
considering the influence of both environmental ana a&ded iaBoratory
stresses upbﬁ;;ecovery of bacteria from water. |

Daté frqm this reseafch.indicated that indifidual species of
the cdlifqrm aﬁd<fecal streptococéai gf§up5'exhibi£eé diétinct differ—
ences‘in1rega¥d.to the relétive exteﬁt pf dééth and injury ianrred as
a result.quéﬁvironmental stfess; .In é épecifical;? deéigned experi-
ment, fivé;spe¢ies of indicator orgénismsv as welliaé‘a strain of
K. pheumonfqé,-wgre simultaneouslylexaminedufor.¥ecovery characteris-
tics (Figureé‘9 and 10) afte;‘péfiodé-of‘edesure £o thé water envi-

ronment of”siﬁe EG6. In terms of resistance'to deaﬁh, the two species
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- of collforms (E coZt and E aerogenes) were found to be nore per51s—
tent than the three species of fecal streptococc1 (S f&ectum,
.S. f&ecalze; and S. bovis). K. pneumontae was observed to be the -
hardiest of the test erganisms,lwhile S.‘bovié,was tepnd'tO'be the

most susceptible to death. Inspection of Figure 10 reveals that a

wide variatien'in susceptihility te non—iethal ininry_Was pbservea for
the test organisms.j The range of injury obserted SQér the 4 day ex- . | | ﬁ
posure perioa?extended from the-extreme'eusceétibility to injury fOrl
S. boviS‘andiS.'fdecaZis-to theImagimum‘resistancesLto injury for
K. pneumoﬁfae'and.s. faecivm. Both E. aerogenés;and'E. coZi exhibited
high susceétibility to.injury although not as preneunCed as that: of
S. hovis an& 8. faecalis. " o
Other.workers~(7,35,93)‘have obsérved that the species.S. bovis
of the fecal etreptococcus group exhibited extremelf rapid die—aﬁay
when exposed.to the aquatlc env1ronment of elther fresh or salt water.
'fhe present research has shown ‘that. selectlve me&1a further compllcate
the reCovery of.this‘yery fragile specles fromlnatnral Waters.. HOw—.

ever, a considerable portion of the injury‘observed to occur to pure

cultures of é._bovis'in the aquatic environment may be .influenced by
predispositign-of the pure=culture to laboratory.growth conditions.
It was found that growth in. Trypticase soy broth‘eontaining‘O.S% car-

bohydrate for preparation:df test cell sﬁspensions'resulted in
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substantial-injqry to S. bouis.eveh'hefere exéosﬁre to the'aQuatic“
ehyironment. By reducing the carbohydrate eoncentration to 6!ié;la
substantial'aeerease in nontlethal injury‘was ohserved; AIt abpeared
that the greater iniUryvobserved for those_cultureé grown in 0.5%
carbohydrate may have been a reflectien of sensitivity of S. bovis to
acid end-products during growth in the broth. |

Preeehtly,hincreasing attention is being giyea to the;possible
significance of the potential pathogen X.. preumnonice in aqgaticvehvi—
ronmente (15). 1In terms of resistance to both death.and ihjury, it
was observed?that K. pneumoniae was better ahle tQ'Withstand the an-
tagonisﬁ of ehyironmental stress atvsite EG6 wheh=cpm§ared.to members"H
of the coliferm or fecal streptococcal groub.

Although comparisdh‘has been made amdng the'rndicater:organism:
‘spec:i;es arid;'k.-_pnewnoniae., it should be emphasized"-that the reeovery
data obtainea repreeents'enly surviyal and injuryigharacteristice for
these species.at a single'site.lecation._ Compariseh‘of persistence
- and recOveryrcharacteristics‘at other‘sites, havihg:varying degrees ef
stress, may very well reveal a different relatlve pattern. Evidence
of thls poss1b111ty may be observed in Table 5 whereby it was fohnd
that a straln of E. coli was better able to w1thstand the stresses of

site M3a than was a straln of K. pneumon%ae both in terms of re51s—

tance tO'death as well as injury. It~ seems 11kely, therefore, that a.
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given species may be more susceptible to death and,injury:than some-.

other species inta given water environment while,_conversely, thls_r
same species'may.be more resistant to death and_injurytthan the other
species in a'diﬁferent aguatic énvironment. |

NumerOus“investigations have been made regardihc'comparisohmof
MPN ‘and memhrahe}filtration recovery of'indicator'orgahisms-from.
- aquatic ehvlrohments:(23,44,47,54,58,74,89;96). Comparison‘of the rg_
covery efficiencylof various methodslused to enumerate bacteria from
water in theTpresent study yielded information indicating that'some
techniques and:media were more efficient‘than others-mhen attempting
tondetect populations‘of‘injured cells. Speciallyzdeslghed experimehts
,were-conducted;ih~which'recovery waslquahtlfied'uSind‘three-general‘
enumeratlon.procedures'in‘conjunction‘withza varietf of media; The
three methods employed ‘were enumeratlon by platlng methods using SOlld
media, multiple tube dilution extinction methods using'llquid nedia,
and membrane flltratlon procedures. |

In general,vresults from this research 1nd1cated that MPN
methods gave superlor recovery of collforms than dld platlng ‘or mem-
'brane filtratiOn procedures. Table 9 and Flgure 12 show the efficient
recovery of a. pure culture of E. coli C320MP25 when using MPN methods;
in fact, lactose broth MPN procedures were almost equally efflclent in .

recovery of-the-total viable population as was thecrlch,'non—selectlve
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TSY medium. ,Alfhough the more selective BGB broth MPN’determination
was not as éfﬁicient as the lactoselbroth‘MPN detérﬁination, BGB broth
was obéérved tp be substantially‘superior.to eiﬁhef piating or mem-
brane filtraﬁibn'techniques. The deficiéncy in reqoﬁéry of E. coli
with,membréne'filtrafion usingﬂM-Fé medium indicated that ﬁhe selec-
tivity of MjFClhedium.in conjunctiqn with a selecﬁive élévate& incu-
bation temééréture of 44.5 C contributed to substaﬁtial injury of cells
even after‘l'aﬁé 2‘da§s of exposuré to the streaﬁ.eﬁviroﬁment.of site
EG6. Intefeétiﬁgly, surfacée plating techniqugs wére‘ﬁot observed to
improve recoveiy of this organisﬁ.in_coﬁpariéon to éour‘plating pro;
-cedures. Apéérently, the added stfess 6f subjectihg‘Cells té 46 C
agar did anicbntribute any appreciable ;njury to the survivors.
It‘;hpuld‘be ethasized that é'éﬁre-cultﬁre of E. éoZi‘C320MP25
was used iﬁ”£heipreviou; experiment to examine reéo&ery efficiency of
various methods aﬁd media. In the“;oufine analysié of-a wafei sample
.;for cqlifqrm'organiéms the presence of many othgr tfpes éf‘orgénisms
complicéte'thé detection and enumeratiqn of the ¢oiif6rm gréup. In
order to shp??esslfhe grdwth of thé unwanfed orgéhi;ms apd.to minimize
the probabiiiﬁy of false-positives, it is necesséry.ﬁo use selective
media. Yeé,_és shown in Table 9, some media'and methodé are higﬁly
inhibitor?ftéward.injured cells of the coliform §r§up. It appears

that the environment of the selective broths allow the "weakened” cells -
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to recqver more‘feadily than does'the cénditions of gréwfh dictated by
the selective”medié on s§1id agar or mémbrane filters.

‘Compaﬁiédn of recovery efficiencies of enpméfation methods and
various selective media for a pure culture of S. faécﬁiis RS1009
(Table 10) ?g%eéis that ﬁhe greateét ambunt‘of non;iethal injury oc-
curred wheﬁ'using PSE”medium. 'Thié inhibited récoféi§ Qf,injured
cells-waS‘obsered regardléss of.wﬁéther the PSE meéium was'used iﬁ
MPN, pour piétihg,,or ﬁembrane filtratiqn‘techniqugégf”The maximal
amount of rechéry of S. faecalis was: not obtaigedehen usinglMPN
methods. Rather}.the most effiéientfrecoVery was oﬁéerved when using
M—Enterbcoééusﬂmedium.with eifher the pour platé or membrane fiitra-

tion technique.’ However,. excluding M-Enterococcus medium from con-

sideration, MPN methods using AD or EVA broths-were found to be‘superQ_

ior to éour‘p;étiné and membrang'filtration when'using KFvor PSE
media. -

The inﬁiéitory effects of PSE medium on'inﬁU?édicells gf.this
particular strain of 8. faecalis are quite evidenﬁt_ ?ﬁe observatioen
that recovéry@ffi faecalis wifh KF agaf was not as efficient as with
M—Entefococéﬁs'agar may be’a refleétiéh of the fact thét KF agéf is
believed téimore speéific for species of aniﬁal.origin and less spe~
cific for those of human fecal origin (62). The p§££icu1ar

S. faecalis strain used for this experiment was isolated from domestic
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raw sewage,;ﬁéking idéntifiéation of the original'sburce imprébébie;
Again, as ihuthé‘case 6f-the siﬁilar experiment wifﬁ E. COZi; it
should be émpﬁasized.fhat a pure culture of 8. f&ecalié was used.

Furthermore, since the fecal streptococci consist of several other

species, it seemé probable that these other spécigs may shéw‘a differ-

ent response £han this .strain of $. faecalis to éhé iepovery methods
and media eﬁbloyed. | '

Cdmﬁanisén of recovery efficiencies of.varioué methods and
" media for‘célifOrms frém“raw éewége‘also exﬁibited'c;héidefable_vari—

ation (Table -Il). As observed with the pure culture of Z. coli

€320MP25, recovery of injured- populations of coliforms. from raw sewage

was inhibited by membrane filtration précedures.ﬁéing M~Endo MF meaium.
The.lack of recovery by M=Endo MF medium became most evident during

the last two days of exposure to the stream environment when only 56%

and 19%, resﬁectiVely, of the population was detected in comparison to

populatigné'eﬁumerated'witﬁ DLA surface-éverlay techniqués,‘.ﬁppar—
ently, stréééédlc;lifo¥m organismS‘Weré_nof able to recovef iﬁ the
g;owth envi;oﬁmentlof MrEndb MF medium as well_asﬂih Ehe growth envi-
ronment of'DPA and ﬁRB sufface-overléy or pour platés{_ Simiiar lack
of rééover&ibf;qoiiforms from raw sewage with membfané filt;ation
méthods waé'pbéérved in another experiment (Table-lé).
The'aaverse‘éffects of membrane filtration pfbcedufes‘upon‘fé—

covery of stressed cells were even more evident when‘éttempting to
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enumerate the?fééal coliform population (Table 1éi; The poor recovery
observea withfthe direct.use of M-FC medium-in c&njun¢tion with ele-
vated teméefature incﬁbatioﬁ of 44.5 élinaicates ﬁha£ perhaps addi-
tional stress is imposed on cells as a resﬁlt of théhélevéted incu-
bation tempérafure. Somewhat-imp?oved,reco?ery was.qttained by .
enumeration %i£h M-Endo MF medium incubated at>th§ qonventional tem-.
_perature of:35 C,.followed by confirmétion in EC'broth. Even greater
recovery ofjfécal coiiforms was observed.whén‘ﬁsiﬂg-érimary isolation
at 35 C witﬁ‘léétdse broth MﬁN or DLA SuifacéFoveflay;ﬁethodsfféllowed

by confirmation in EC broth.  A1though this lower ipcubation tempera-~

ture does fgéﬁire‘additional labor, ;ime,_and materials in order to
verify the Qfeéénée of fecal coliforms, iﬁ does allow for a consider-
able impfoveméﬁt in-extent.of recovefy of fecal céliforms from raw
éewage. |

Thié.ﬁohélusion regarding'the effects of inéubﬁtibn temperature
on recoverj'iéuin éonﬁraét to_those‘of Mpssel‘apd VéQé‘(65) who ob-

-served that}the direct ernumeration of fecal coliforms at 44 C was equal

to that of enumeration at 37 C, followed,by'elevapédvtemperature‘con4

firmation, whénxusing MacConkey agar. Also}‘Geldreich et al. (34)

réported an average 88% recovery of fecal coliform bacteria on the
membrane_filtex with M-FC medium at 44.5 C based on counts of pour

plates incubated at 35 C with tryptone-~glucose-extract agar.
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Reduced recoveries by the membrane flltratlon procedure were
also observed -when attemptlng to enumerate fecal streptoc0001 from a
suspension ef raw sewage (Table 11). Pour plate enumération,‘using
either KF‘o:lM=Enterococcus agar, was found to more.efficiently‘re-
cover fecaileugeptococei from raw sewage ouer the 4Idey exposure
period. HdWeuer, the results indicated.that inhibiﬁiou of recevery of
fecal strepﬁgebcci when using membrane filtration-preeedures was not
as great aettﬁeyinhibition'of recovefy of doliformedo?.fecal‘eoliforms
~ when usingifhe-eame'technique.

The eve#all lack of recovefy of total coliforms.and‘fecal coli—
forms uhen'gxamining either~§ure cultures or raw sewage may, in part,
be due to iuﬁibition arising from characte?istics”ef the membrahe_fi;—
ters. 'Comééfisen of Gelman and Millipore membfane'filters, by
Presswood ahderown (75),’shoued that Gelman GN-6 filters recovered
statisticail& ﬁore coliform and fecal eoliform colbnieé than did
Millipore-HAWdi047 (Je} filteis‘iucubated at 35 C or_44.5‘C.‘ It was
suggested thau.differences-in methods -of sterilization‘might.possibly
eccount fo%ffhese observations. Since Milliporedmembraue filters were
used in the'preeent study, perhaps the_observed defiqiency in recovery
of coliforﬁé-énd fecal coliforms'may beﬂpartially‘due to thié\eame

phenomenon,. .

Fecal coliform to fecal streptococci rétiqs (FC/FS) are be-

lieved to offer a valuable investigative tool when'atfempting to




133
determine sources of pollution (27,§3;35). When‘the:FC/FS‘ratid is
greater than_or equal tq 4;0(-it may.bé taken as strong evidenge that
pollution derives from human wastes. Ratios iess thén 0.7.suggest
that the pQ;lﬁEion is derived from fécal discharges of warm-blooded
animals othgr than humans. - The observation of FC/FS.%atiOS'between
- 0.7 and'4.éjﬁake interpretation of specific:sdurces.ﬁSEe difficult and

indicate mixéé boliution from-bbtﬁ humaﬁ and‘aniﬁal'wéétes. The pres-
. . ' . [
ent resgafch ihdicatéd thét the FC/FS ratio of a sﬁspeﬁéion of raw
sewage will;rapidly decrease ubon exposﬁre to‘the'aéuétic environmenf;
Beginnihg wi;ﬁ,a FC/FS ratio of approximately 4.0 in raw sewage, i£
was observedftﬁat the rétio'rapidly droppea tq apprbximately‘l.z after
24 h exposure to the stream eﬁvironmént and to less'fhan 0.4 after
48 h éxposufe (Eigure 14).. The rabidly decreasiné faﬁib was a result
of differerices in relative persistence of fecal coliforms énd.fecal 7
streptococci. - The accelerated die—off.of the fecal épliform population
relative'tQAa;mdre persistent‘fecal streptococcél populatidn was re-
flectéd by.the:decreasing FC/FS ratio over the 4 day engsure:pexibd
(Figure l4),i fhis observation indiCatés‘that FC/FS_rétiés;lose signif-
icance wheﬁ gxamining w§£ef'céntaining fécal wastes of moie than 24 h.
Evans et alr'(27) stated thatnFC/FS ratios are mofe meéningful'if ap~
plied to e:fluéﬁt discharges and recéiving waters"nét more thén 24 h
flow time apwnstream of the point of pollutional diécharge. The obser-

vation that the FC/FS ratio decreased from approximatply 4 to 1 within

ALl | 59
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24_h guestiooe.ﬁhe 24 h %imitatioh.f.It‘appears £ﬁat a-chh shorter
time 1imitet;onvshoold’be attached to_inte;pretation of FC/FS ratios
since probleﬁe.ﬁiéh bacterial die;off.were fouha:to:obécure.meaoingful
ratios even Qifhin 24 h. |

In order to recover those cells whioh have ‘undergone stress and

resulting injury, it is necessary that such‘oells have the opportunity -

to repair Eﬁéﬁse}ves-before they can multiply_ana-diVide.‘ In‘éeneralf
appreciable repair from injury issobteined by‘first'exposiog the in-
Jured celleoto a rich, non-eelecfive-medium for ; short‘time to permit
_reéair of.the damaged cells prior to use of selective media. Exposure
of injﬁredfoelis to a_nutritionally rioh ;iQuid ﬁediom allows for re%
pair of iﬁjur§ such that the xeoovered cells'wiil heve the abiiify eo:
grow on seleotive ﬁedia. This capability of fepair‘of non;lethal in—
. jury in rioh;ﬁﬁon-selective;meaie has been obser;ed for bacterial pop-
‘ulations dgﬁégéd by heating (19;6i}68,70798y104);‘freezing.(43,63,78,
79,81,1105f'ahd freeze—dryihg'(76,77). ‘ ’

lnwfﬁe éresent studies, similar repair of injory was observed

for populations of cells exposed’to the stresses of;aguatic environ-

" ments. In one experiment, it was observed that ﬁhe.injury acquired by -

-a populatlon of F. coZt C320MP25 durlng 2 days of exposure to the
aquatic env1ronment, could be rapidly repaired w1th1n 2% 3 h in nutrl—

tlonally rlch non—selectlve TSY broth (Flgure 15) As the 1njured

populatlon of cells was exposed to the rich TSY broth, an 1ncrea51ng
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propoftion 6f'éeils was able to‘répair themselves Sugh that equal
. counts were ob;aiped on both the non-selective aﬁd seléctive media
within 2%-3 h? ;During ;he 25%-3 ﬁ‘repéir period, coﬁnts‘én TSY agar
were observeq £b remain relatively consfant, resultihé-in an extended
lag’period:p:iQr to multiplication as compared to fheVCOntrol popuia—
tion which had nbt”been exposed to the stresses éf ﬁhe aqdatic epvi_
fonmeht. ‘TheTéxtended-lag period for the environmentally exposed cells
lends fufthér.évidence to the hypothesis that thelgfressful situations
of aquatic\enﬁifonments may; in fact;. inflict injﬁfy}upon sﬁsstantial
proportions of cells. Fgrthermore, fhe rapidly iﬁéreaging counts on
the selecfi&e:DLA agar during the. first 2%-3 h in=TSY broth indidate
ﬁhat these_ipjﬁred-cells'are c$pable_of repair if ékpoéed to;é ShitF"y
able nutrifibﬁélly rich.grdwfh‘ﬁedium. |

Simiidglfepair of‘injury of a stressed populétion of E._coZi
WC959 was obsérved (Figure 16). A repair period 6f 4 h.in“TSY‘brOth'
was required:before éiﬁilar coﬁnts‘were'obtained-on the ndn—sélective
and selectivé medié. An exfehded lag<period:of 4:h Qas required priof‘
'to initiatipn{éé multiplication. The ; h repair ana.lag peribds‘fbr
this experiment indicate thaf the longer expééure pefiod of 7 days in
the aéuatic”énﬁironment,-as comparedrton2 days in- the previously dig—l
cussed‘exééfiﬁent, may result in.lqnéer time reéﬁi;éments iﬁ richﬁédia‘
-in order té épmplete the repair processes. ﬁowever} severalvother

variables must -be considered which may account for this difference.
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" First, the enumeration methods and selective media~used‘were'different
for the 2 experiments (surface—oVerlay plate and membrane filtration).
Also,-two different strains of E. coli were used._ Perhaps the 2
strains had.’ relatively different degrees of sen51t1v1ty to the'stresses
of the water environment. The-fact that the experiments were done ap—
proximatelyhgfweeks apart mustjbe considered sinoe the overallchemioal
and physicai enVironment'ofnthe‘mater.can changeg Din:addition,tduring
the 7 day ekposnre periodviFigure 16), cold.weather‘oonditionsresulted
in‘a frozen;cell-suspension within the stream.environment.' ConceiVabiy
the freezing process could have:resulted in-additional.stress on the
-population'ot'surviving cells. |

In addition to the repair of.sub—lethally inﬁnred-cells of
E.‘eoli, it'maslfound‘that-injured populations of S; f&écalis‘RSlOd9
mere capabiezof thessame general reﬁair'bhenomenon‘ih'a:nutritionally :
rich, non—seleotive medinm (Figure 17). After 2 h in rich TSY medium,_
the injured population of S faecalts which had undergone 2 days of
stress in the stream environment, had completely repaired the non-
lethal in]ury'such that essentially the entire population could grow
on selective KF medium. _An even longer repair period of 3%54‘h was
required for those cells exposed to the aquatic enVironment for 4 days.
‘As.observedHWith.the strains of E. coli, an extendediiag phase‘priorto
_multiplication relative to a control pobulation, masvexhibited by those

cells exposed to the water environment.  The data:ianigure 17 do

il
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‘indicate tha#-ﬁﬁe longer exposure of célis to environmental stress iﬁi'
water résults in a longer time requirement in a rieh, n&n;selectivé
medium in brdef to‘manifest complete repair and rechery of the dam- -
'aged‘popu;a%ioﬁ; |

The.ébéerved ;apid repair of injured ce;ls-ih ﬁﬁtritionally
rich, non%Se;ectivé media lends support to the use“of,an enrichme@t
technique #d‘improve‘the recovery of stressed cells. The use of a
short énrichment period on a rich‘medium would allowiﬁor the repair of
ipjuii‘such t£at subséqﬁent exposure to a specifieiééiectivé meaium .
would result in‘enhancgd'reéovery of the total viable @opulation. The‘
enrichment teéﬁniqué appéars to be espeéiall§ applicabie to the ﬁem} -
brane filtrg%ion procedure, which has been previougiy showﬁ in. this
stuﬁy to héVé low éfficiency iﬁ recovering injurea qells. vgrious eﬁ— f
richment tééhniques have been'advbcated.as'an efficient method.of'im—
" proving feépyéry of total coliform populationé frpm Watei when using
the ﬁembrané ﬁiltration procedure (20,21,47,51,53,55,62,90).'Similarly
enrichmgntybrpéedures for the dgtection pf fecal:sfpeftococci ffom.
wa£er'havé been emphaéized (62,82). |

Inf;he:present research, it was observed that a sﬂort 2 h en-
fichment on rich TSY medium prior to exéosuré toysélective.medié sub—_
stantially?iméroved recovery of E. coli C320MP25 ;éiéfive:to recovery .
.by direct pfiméry exposure to selective media (Figu;é 18 and Table 13).

The enrichment step was. found to be extremely efficient in recovering
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the totel viebleupopulation’wheh_usinéwM—Enao‘Mf;ﬁedium'as'the selec-
tive‘medium: .Iu facr,'the enr;chmeuf—ﬁ—Enoo”yF prooedure was founé'to
be equally effroient‘aS'rich'TSY meaium-iu recovering~uhe E. coli cells
during the firsu 2- days of exposure to the‘equaticlehvrronment; A prer
liminary enriohmenu prior to abplication of M-FC meoiuﬁ incubated at
44.5'C'was.aleo found to improve recovery_over théu of the direct use
of M-FC medium at the elevated femperature. The faéﬁ that the
enrichmenthfFC technique was not asyéfficient as the enrichment - M-
Endo MF‘teohﬂique perhaps indicates that a proportion of the srreseed
cells remaineoisensitive to the'elevated incubetion,temperatureﬂeven af-
ter the‘zjh-enrichment‘step. Possibly, an extensiohrof the\enrichment
step may resulu'in-e more compleue‘repeir of damage such that cells
would becomeuless eehsitive to the elevated incubariou temperature. .

- In aédition‘to improved recovery of a pure'ou;fure suSpensioncaf
E. GOZ% durinoiexposure to_environmental stress, ehrichmenu techniques
were found to:substantially.improve recovery.of rotei (figure 19) and
fecal collform (Flgure 20) populetlons from a natural suspen51on of
raw sewage; The direct appllcatlon of selectlve M-Endo MF or M-FC
media did not allow for efflclent recovery of" 1njured cells relative to
enrichment.technlques, Throughout the entlre exposure period of the
raw sewage to the aquatic env1ronment it was observed that the most ef-
f1c1ent method for the recovery of fecal collforms was by a short 2 h

enrichment on-rich TSY medium followed by transfer;tolselectlve

N
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" M~Endo MF medlum; ?his‘eprichment - Meﬁndo MF‘teehnidﬁe substantially
improved reeoverp of fecal.goliforms'oyer'that'of recovery by the con-
ventional direct elevated temperature technique even'before'the raw
sewage was exposed to the env1ronment of 51te EG4 (Flgure 20) Thus,
it should be reallzed that the so—called "O h sample" represented a
sewage sample that, in fact had undergone exposure to env1ronmenta1
stress wrthln‘the‘sewage itself prior to additional‘stress‘during the‘-
4 day exposure'period at site'E¢4. As the‘suspension'of raw sewage was
'exposed to the aduatic environment, tﬁe lack of efficiency ofldirect
detection methods because more evident relatlve‘to recoGery observed
with enrichﬁeﬁt-techniques;

The,lphibiting and/oxr bactericidal-influence shodn by M-Endo MF.
and M-FC media against "weakf coliforms. appears to be extremely-da?—
aging duriag‘the?first few hours of incubation on these selective media.’
Therefore, tﬁis inhibition of recovery of damaged cells by direct ap-
plication of selective‘media strongly suggests‘theuaeed for an enrich-
ment or resdscitation period. Such a‘period'appears-to provide a non-
tokic environﬁeht for the gradual’adjustment and repair.of the injured
microorganisﬁs.' | |

The faot that certain aquatio»environments ﬁave been‘shown to
have the abilit; to inddce stress upon a-substantlallproportion of
cells such that these cells become physiologically'rnjured and cannot

be detected'by direct,.conventional selective prooedures lends support
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to the use of;enrichment techniqueé. 'The adob£ion ofsenriéhment
 techniques bérhaps would help overcome some of thg:inadequacies and
limitations-érising from the‘direct application of éelgétive.media for’
‘the detection and enumeration of bacteria in Water aﬁalwas£ewater. In
a sense, aﬁ;en;iéhment étep for'imprbved recovery 6f;i#jured:organisms
po_ssibly wo_lﬂlid"'prbvid'e the necessary bridge for ba;ctétia‘l .ceil.l ad-
juétment bgtWeen the“environﬁenf éf the natural wétér andathat‘of

selective media.




Chapter 6
 'SUMMARY

The récoyery characﬁeristics of indicafor\organisms expoéed to
the naturaijsufrOuﬁdingS of.the‘aquétic envirdnmenéjwere examined-us—
ing membrane fiiter chambers (56). The membrane filter chaﬁgers,
cdntaininé‘pﬁre_cult#fe suspehsions of indicator orgénisms 6r natural
suspensionstf raw sewage, were immersed in.tﬁe stream eﬁvironmeﬁt at
a number of‘éiffe;ent sites‘haviné water .of varyihé_physical and
chémical composifion. Periodically, sampies were withdrawn from the -
chamber éndtéhumerated‘using bothlnon—selective aﬁd ééiective media.
The differéhéeé bgtween counts obtained oh the nqﬁ—sélective and
selective'medié_iﬁdicated‘that‘substantiallproportions of cel;s‘méy-
become éhyéiolégically erilitated, damaged,'dr iﬁﬂured as a'resu1t,
.of exposurélfo ﬁhe.étresses:of soﬁe aquatic enViﬁénﬁeﬁts. Ifishoulﬂ
. be emphasized that this environmental stress may ﬁereiylinjure thé
cell but=ﬂo£ﬁnecessarily kill or destrof it. Apparénﬁly, the foréign
aquatic enﬁifohment has the capabiiity to induce stress on large pro-
portions 6f"tﬁg‘populati6n such that they may become sensitivé.to .
.inhibitqry.égents ;ontainéd wifhin selective media. Thus, the'direct'
applicatiéh of specific selective ﬁedia merely cqmpliqates the recov-
ery of ;he3éopu1;£ion of non-lethally injuredfcel;;ﬂ

'Usinq'pure,culture,suspensions of coliforms and fecal strepto-

coceci, it was found that considerable variation in terms of both
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- death and noﬁ—léthal injury éxisted aﬁong the variqus,strégm‘éﬁvifon~
ments uEilizéd fOr_exéosuré of bacte;ial suspensions:within membréﬁe
filtef chamﬁérs,- Thus; it appegfs‘tﬁét the Varying‘degfees of ob-
sered deéth aﬁd injury to badterial‘populations exposed tO‘thé in-
fluences-of”vé?iousAaquatic énviionmenté‘may be partl& a function of
thé differiné:chemical'and physicél characteristiés;gssociated with
each individﬁal‘stream environment. |

In aadition td the death and injury‘that océﬁrféa iﬁ the
aquati¢ enVifonﬁent, it was found that subétantial amounts of labora~
tory induced ' death and/or injury resulted from the u;e'of standard
phosphate dilution water during prepération and dilution of pure cul-
ture suspensi§n§. The use of gelatin phosphate bﬁffér afforded
greater pergction from suchllaboréto;y induced deétﬁ'éng/or_injuiy.

Comééfisbn'of the.recovéry"effiéiency §f‘vari6us methods used
to enumeratelbéCteria from water yieldéd informatiqn indicating that
some tedhniﬁées and media were mbre.éfficieﬁt thaﬁlétﬁers when af—
tempting taiaéféct populations‘of injured cell;.. Iq_géneral, resuits-
from this reééarch indicafed that multiple’tube fefﬁéﬁtgtien tech-
nigques gave superior recdverf'of coliforms ‘than did‘§¥ating‘or mem-_
brane filtféﬁiqn procedures wheﬁher pﬁfe cqitufes.of‘ﬁétural suspen-
sions QereIUSeq.as the test sYstem. The leas£ efficient method of
recovery 6f coliforms or fecal streptdcocci was bf ﬁembrane‘filtrationf

procedures;-fEépecially poor recovery of fecal coliforms was noted




Ll O 5 R | Y A | L. 1

143
with the difédt app;ication.of M-FC mediuﬁ a£‘the‘elevated incqbation
temperature. of 44.5 C. | |
The.ihjury inflicted upon pure cultufes~of'E; coli and
5. faecalis bf theaaguatid énvironﬁent'was'found to‘bé reversible and

could be repaifed in a medium such as Trypticase sz yveast extract

broth. Ag'the injufed populatiéns éf cells were‘§x§osed to the rich,
non—selecgiye broth; increasing proportions of ceils‘were able to |
repair thémseives such tha£ they becaﬁe insensitive to inhibitory -
‘agents inigelective.media.

The ;bserved rapid repair of injured cells.in’a nutritionaily
rich, non—seieqtive broth lends suéport fq the usé of an énrichmenf
technique_;O‘;mpréve the recovery of stressed cells. It was observed
that a shorﬁ_é-h enrichment on a rich; non-selgctive medium prior to
exposure t¢féeiective ﬁedia subétantially-enhance@frééovéry of coli~

forms and-ﬁécal coliforms from raw sewage relative to recovery by

direct primafy‘expoSure to selective media. Such ah enrichment per-
iod appeéis‘ﬁd provide a non-toxic environment for the gradual adjust¥

ment and rgpéif‘of the injured microorganisms.’ The enrichment tech-

niqué appééféd £0'be"espeéially applieéblé to th; méﬁbrane filtration:
procedure. The adbption of enrichmenﬁ-techniqdég’?eihapé would help
overéome édme of the inadequacies-and limitations a%ising-frém the
direct.appliéation of seléctive media for fhe defection‘and enumer-

ation of bacteria in water and wastewater.
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Table 15. Blochemlcal reactions of stralns of E. coZz E. aerogenes,
and XK. pneumoniae.

(0]
yiP C
AN :
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o4 | © ] i i8]
] ulo e , )
@ o —~ >N O Dy o 0 .
AR > Ko X ]l el ] W ;
A= | £ olHole| of of of of o :
A ANRE=113 HloQlaQlunl vt L) PP ﬁ < X
o i SR 8E e A REE 8| 8|2 3] El2b
Organlsman_d_ -54&; U’%U& 83&8&83 0 Eral g “"o ;3.
Strain No. ﬁz gmm'b e NalleNalRUR »3 g Q"'U)‘é'tﬂ i
E. coli C320MP25 +|+={={= | -{=| + |- |aG|AaG|ac|ac|Ac|ac |+ l},
E. coli WC959 - N S I I Y AG| AG| AG| ~ | AG|AG |+ |
E. coli RC1435 +(+|={={= | =|+| + |+ |AG|AG|AG|AG|AG|AG |+
E. coli EC2075 ++]=|=1=-1~=|=| + |- |AG|AG|AG| - | AG|{AG |+
E. aerogenes RC1282 o 1 T B B I AG| AG| AG| - [AG|AG |-
E. aerogenés EC2027 —1={+|+{- | =|+| + |+ |aG|ac|ac|ac|ac|ac|-
K. preumoniae 1881 ~|=|-{+[- | +|-] + |- |ac|ac|ac|ac|ac|ac |+
A = Acid reaction in carbohydrate
G = Gas production in' carbohydrate

Compound is utilized by, or ‘characteristic is p051t1ve for, the
strain shown

Compound is not utilized by, or characterlstlc is negative for,
the straln shown
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Biochemical reactions of strains of

fecal streptococci.
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Strain No. Ble |8 [ (8|8 .(‘B 0 Uﬁ'@' 3 g a3 “:'n 2 é:’
S. faecalis ES1913 |+ |+ |+ |+ |+ [+ |- |- [+ |[a|&|a|-|a |- |a|a
S. faecalis BS905 |+ |+ |+ |+ |+ |+ [=|- [+ |a{a|&|-|a}-|-|a
S. faecalis M3304 |+ |+ |+ befe |+ |-1-|+|alalal-|ala|a]-
S. faecalis’ RS1009 |+ |+ [+ |+ [+ |+ |- |- [+ |ajaja|-|a}|-|a]-
S. faecium Bs895 |+ |+ |+ |+ |+ |+ |- |- |- |a{ala|-|ala|-]|a
S’.'faeciwn'ESZ-Olj i+ |+ s+l |+ l-1-1-|n ala|a|-jaj-|a
S. faecalis - [ '
var. Z’bquef'acwens + |+ |+ |+ [+ |+ |+ |- |+ |A]A[A|-|B |- I-1~-
ES1730 . . | -
S. durans GS255 w4+ |+ |+ ]|=1- - Al-|-1-1-1=]-
8. bovis C3SE'17' ==+ +]-1]- |+ 1= al-|-]-{a|-1{-

il

straln shown

Acid reactlon in carbohydrate

Compound is utilized by, or characterlstlc is p051tlve for, the

Compoundﬂls not utilized by, or characteristic is negative for,
the strain shown ' ‘ -

t

)N R O "




147
Table.17. :95%-qohfidence limits for percentages of injury for
suspensions of E. coli C320MP25 located at 8 different
sites over a 4 day exposure period. '
Ekposure
time
(days) M3 M3A H3 BR2
0 - 5.7-to 18.5 - 7.6 to 17.6 =~ 9.3 to 16.0° -12.8 to 12.9
1 ~19.4 to 17.7 * 2.8 to 32.0 =27.1 to .33.1' - 7.0 to 24.0
2 %'4.7 to 38.0 -15.9 to 20.7 * 3.6 to 26.5 =-12.4 to 21.7.
3 =24.0 to 24.4 - 8.4 to0.39.7 *53.8 to 70.7 - 1.8 to 34.6
4 * 9.7 to 44.3 * 6.2 fo 45.4 *%*85.4 to 93.9 -14.0 to 26.4
\ : - )
Exposure
time _ ‘ ‘ :
(days) “RL EG4 EG5: EG6
0 - *6,3to25.4 =~ 2.5to 20.9 - 1.6 to 22.1 =~ 5.1 to 19.5
1 *44.3 to 63.4 -18.9 to 22.7 - 4.2 to 32.2 =~ 8.3 to 27.4.
2 *88,5 to 93.8 *74.3 to 82.4 *56.2 to 84.0 *70.1 to 79.2
3 ' %48.5 to 80.2 *90.3 to 97.4 *77.1 to 91.4 *83.1 to 89.4
4 . %76.2. to 82.2 *94.8 to 98.4 *63.9 to 88.6 *80.6 to 87.1

* Significant at alpha

='0.05
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Table 18. 95%.confidence limits for percentages of injury for
‘suspensions of S. faecalis RSlOO9 located at 8 dlfferent
sites over a 4 day exposure perlod.}

—

Exposﬁre
time ‘ . . , :
(days) .~ - M3 © M3A H3 ' BR2
0 -16.7 to 24.0 -18.3 to 23.4 -14.1 to 20.1 =-19.7 to 22.3
1 - 0.2 to 27.6 =-20.2 to 30.0 -17.1 to 27.7. -11.1 to 30.3
2 -19.8 to0.27.5 --27.2 to 24.1 -16.8 to 31.5 -23.3 to 25.3
3 -28.3 to 28.8 =-35.8 to 23.2 =27.1 to 47.9 - 7.2 to 25.5
4 * 1.0 to 26.5 *11.2 to 42.7 *%92.1 to 97.8 =34.6 to 32.3
Exposure
. time S : ‘ ' o :
- (days) L0 RL EG4 ‘ EG5 . EG6 _ :
0 -19.7 to 22.3 -22.8 to 20.5 =-15.3 to 25. 0 ~11.2 to-28.1
1 %86.5 to 92.3 =-21.9 to 30.5 *51:3 to 82.4 =23.0 to 39.9
2 *95.8 to 99.9 *86.4 to 92.0 *%93.6 to 97.7 *32.4 to 54.8°
3 #96.5 to 98.9 *80.7to 104.8 *89.4to 100.5 %90.7 to 99.8"
4

¥44.9 to115.1 *98.4'to 100.5 *94.0to0 101.8 #%96.2to 101.2

* Significeﬁt-at alpha = 0.05
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95% confidence 11m1ts for percentages of injury for.

Table 19.
separate suspensions of S. faecalis ES1913 treated with
'regular phosphate and gelatin phosphate diluents. ' Membrane
filter chambers were suspended at the well water 31te for
a 48 h exposure period :
Exposure
time ‘ , E ‘ ‘
(h) ‘Regular phosphate Gelatin phosphate
0. *17.7 to 50.1 -19:0 to 21.5
6 *97.9 to 98.5 - 9.0 to 8.3
10 %97.6 to 98.6 ~ 9.9 to 7.3
24 *97.4 to 98.7. - 4.9 to 11.6
48 *98.0 to 99.9 * 1.0 to 18.2

* Signifieant at alpha = 0.05
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Table 20. 95% confidence limits for percentages of injury for
separate suspensions of E. ¢oli EC2075 treated with
régu1ar phosphate and gelatin'phosphate,diluents. )
Membrane filter chambers were suspended at the well
_water site for a 48 h exposure period

Exposure
' time P _ _ _
(h) S Regular phosphate . Gelatin phosphate
%) : * 9.4 to 33.4 T Z13.4 to 17.4
6 | %28.1 to 52.2 - . -18.3 to 15.5 |
w *52.7 £o 70.7 . - 3.7 to 28.8 ;

24 S ¥36.2 to 60.8 _ " - 5.9 to 27.9

Y S | *43.5 to 67.7 "-21.4 to 19.4

* pgignificant at alpha = 0.05
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