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The following studies were initicted by tiie questions
ariging froa the use of lauryl sulfate tryptose broth as
& presweptive Zlediwn for tae isolstion of colifori orron-
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Inasmucn as lauryl sulfite tryntose broti has been

accented by the Co tee on Stendard l‘ethods for the Ixam-

inetion of .ater end Sewtre of tie /merican Puvtlic .eaiva

es in re-

t~to

sgsociation, 1t is 1L merative that 1ts propert:

¥
}

zard to t.ie crowt. of coliform orgcniciis be fully evalucted.
If & better fornwlation con be developed it sliiould be cdone
before the »resent formula becones standaid procedure.

Onc of the first guections to arise hes been cost,
Leuryl sullfate tryptose brotia costs apuwroxictely Tour

times nore taan standcrd lactose broth. Leboratoriles wiere

marxed economy in operstion is necessary, uay hesitete to

.

use v.ils mediwi unless t.ey cre fully convinced that a

=
c
"
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cheaper medium could not be sul tuted succescfully. A
nwiver of veople have asked wievier 1t would bLe possivle
to reduce the conc=-niravion ol tryptose from two nercent
tc one vercent thus reducing the cost by half., To date

the answer has neen thet the labor costs in the use of tiiis

riedivn would be less in laborctories wilere positive nre-
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suriptive tests ere encountered. 1n addivion, nedia costs
would not be mavericlly dirfferent in that confirmatory med-
ia would be unnecesstry. Jl'nis is true, but if a reduction
can be made without reducing the efriciency of tae medium,
it shculd ve dorne., Lurther resecrci is necessery to dever-
mnine the eifTect of various concentrations of tryotose in
tne mediun.

s~nother question pnresented has becn that of mininal
nuwubers used in comparative studies of lauryl sulfete tryn-
tose brotia and stendard laciose broviie In tie oricinal work
by ourdy and jallmenn (2) the minimal nwaibers used were fromn

.

LO to 50 per ml. ‘his is not & minincl nuniber wnen coumpared

to the coliform concentration in water sunnlies where the
coliform index is less tiien one per 100 nl. syrther re-

secerchh 1s necessary wien tne coliform concentrstion is arv-

roxinutely one or lecs per ml. +Yhis still would certainly
be a rwuch nearer approach. A lower concentraction would be
difficult to evalucte because & higher incidence of nezctive
tests would be encountered,

Still anotiher guestion &rises concerning the relative

crovoa retes of Xechericihia coll and Aerobacter cercgenes.,

the original studies of verby and iillmenn (2) were mede

with Z.coli and no teste were carried out with #. Gerc renes.

Ingsrucilt &s both orgeniais are present in water and are both



coneldered iceomrescuidtives of tie cclirfern cruip, deta
saould ve obtaincd on growta rates in lauryl sulicte tryo-
toce broth and stancard luctocze LLOTil.

Along with studies 2lenned to answer tie ctcve guect
icns, 1t voe @lso thou;;nt adviscovle vo doter.:iine the value

of zaling sodium c:lonide to vota lauryl sulifate tryntose

oroth and stendard lactose broth. Cnrly tryrtose osrotih vwes

el
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s on ziecla for ti:e coliror orronic s
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by serby and Solluann (2).



L ISTCLICAL VIS

In 1941 barby and iellaann (3) prescnted @ new uediun,
lauryl sulfite tryntose lactose brotz, for the isoletion of
coliform organisas froa water suprlies. ey revnorted thst
tue use of a Toruula contoining tryptose, sodiwi ciloride,
and phospiaate bulTer grew out nore 1embers of the colifornm
oroun »recsent in the witer as indicited by the hisher colon
indices obtained with thls mediwi. lurtier, taey renpa ted

28t the addition of sodiua lauryl sulfate in concentrations
of 1:5000 preveunted vie growtil of grou-pogsitive lactose fer=-

) 4.

pivion of the
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menting bacteria witliioutv any appreclabdle

o -

crovitit of thie colifori gicun. 4YWiley reconmenie& tuact the ned-
iuwn be used in place of standard lactose broti, &Le Peo . A,
(31) in tae preswidtive test. They also reco:mmended that
the mediua be used in place of brilliant green vile l:ctose
brotiha as a coniiruaatory mediuz,.

mcCrady (17), in a swwmation of comparative studies

.

nade by a nwiber of laborctories distributed throushout tle

United States, renorted vact loauwryl sullate try

e

gave & hisher incicence of

Fre

t
standsrd lactose broth. iie repvorts tiet a sw:owtion of re=-
sults obtained fros: both unfinisiied and finished weters
showed that louryl sulfete try-tose brota save 56 to 58

vercent less v»rixcry gas positives t.ian standard lactose

I'e]

broth. Liile would indicate taat tie stctenient by Darby end

-

Jellmonn wes correct in that lauryl sulfcte triptose broth
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allowed the growta of greater nwibers of coliforn orgen-
isus initially presenv in tie viters exanined. LicCrady
also saowed fro.: vhe collective studies that lauryl sulf-

ate tryptose broth yielded fer less false vresumnntives as

measured by the finel identificcticn on eosin :miethylene blue

azar in the counleted test.

Levine (16) in 1941 demonstrated that lauryl sulfate
tryptose broti gave & higher vrecentage of true nreswint-
ives t;én did standard lactose brota.

FPerry and “ajna (20) in a compcrative study of #. C.
medlun and lauryl sullfate tryptose brota also found the
lavtter mediun as well as 4. C. mediwl to be superior to
standerd lactose brotit in the number of true presum-tive
teots obtained.

{upp (9) found on Indiznapolis plant efflucnt thot
lazuryl sulfate tryptosc broti gave no felse vositives
viereas false positives were freguently encountered in

standard lactose broth.

STANDARD LACTOSE BROTII
2L -rs. LS Hrs. Total Confirmed Completed
5 L6 51 5 0
LRYPTCEE LACTOSE <RCTII WITIT S0DIUIT LAURTL SULIATH
2L Hrs. LS irs. rTotal Confirned Conmpleted
0 0 0 0 0

- -

"Phe above comfirmed results from lactose broti did
not pass the completed test because ol their fullure to

_‘D-



grov in eosin uicliaylene blue aiar."

Tne Co.vulttee on Standard letiods for tie sxoninad on
of water cnd Seware renorted to the Laboratory Section the
Tfollowing reco..:cndction for tiae use of lauryl sulfcte trin-
tose broti.

"In these sitndard tesits lauryl sulf te tryotose brotn
ey ote subectituted for louctose broti in the exeuination of «ll

waters excent Tinal filtered, trected and riltered-trezted
weters. It may be substituted ror lactose brotia also in the
examination of fincl, filterea, trezted and filtered-trecated
waters provided tile ladboritery worier has anply desionstrated
by correlation of nositive coipleted tests (isolations of
colifoim organisms) secured turougi tie use of lauryl sulf-
ate tryptose broti with those secured turougn the use of
lactose broth, in tiae excminttion of such waters, tuct the
substitution recults in no redauction froa the density of col-
iforn orgonisms indicoted by tie standard procedure using
laectose broth."

The renort was approved by tihe Section &nd reco:u:ended
for inclusion in tiie next edition of Standard liethods.

At precent tais riediwn is in routine use in the uni-
cipal vmter plants of liichigan for tie detvermiination of
coliform indic]es in raw water witihout confiraetion by

brillant creen wile broth or eosin mevi:ylene blue acar.
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The cultures usc.i in tile study were _eschericihla colil,

»
(]

Aerotecter acrorenes wnd Fseudotonzg aerusinose, 5 to

17 hour culture grown on & plain ager sleant vas usced in sced-

(¢]

ing the varicus media.

n order to obtein ainincl nuzbers, or
trencsferied Iroxm & 2L howr ascr slant culture to a tuve of
sterile saline solution. sufficient orgenisms were added
unvil the first oralecscent turtidity wiich was vicible to

the neked eye was obtoined. 1In the case of E. coli the enp-

jo)]

roxincte number &t tiils density is 50,000,000 per nal. he
dilution was tnen furtiaer diluted Dby decimazl dilutions of
1l to 100 and 1 to 10,000 until the count would be anproxi:-
ately one or less wner ml. Jne last dilution was made by
transferring intc e flask containir:; 99 =ml. ol the mediun
used instead of sterile saline. Cne ml. samples of this
brotir in eacn flasX was »nlated i.nedictely to obtain the
initial counts. .he flasks were placed in the 37°C incub-
ator and one ml. samnples were platad at 2, 4, 6 and 24 hour
intervale in anwvropriate dilutions. All plate counts were
made after L& hours incubatlon at 370C.

Care w-s taken in pnrewvaravion eand sterilization of tae

& Fal

media. an adjustient by the colorimetric method wis mndce of

M
'._J
’._J

N

bne media to a v of 6.8.
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The selection of the pH 6.8 was made because Darby and lall-
nann (2) found that the greatest increase in growtih occurred
et this pH.

In the first series of experiments a comparison of the

rrowth rate in various percentages of tryptose vas made. Bacto-
g - v A

tryptose in concentrations of 0.5, 1, 1.5 and 2 percent was

used in a medium containing phosphate buffers, sodium chlor-
ide and lactose in tihe same concentrations as used in lauryl
sulfate tryptose broth. One ml. portions containing E. coli

were plated and incubated.

In the second series one a nd two percent trypotose con-
centrations were selected for comparison with lauryl sulfate
tryptose broth. The same technique as previously mentioned
were employed. Twenty nine sets of deterriinations were made

/ith E. coli, 25 sets with A, aerogenes and 18 sets with Ps.

aeruginosa. A large number of separate determinations were

made to eliminate variabilities obtained in individual sets
of determinations.

In the next series, instead of measuring the effective=-
ness of the media through the determinhation of total numbers
of organisms, the first appearance of gas fermentation end
rates of gas produetion were used as measurenents.

Minimel numbers of organisms were obtained in the same
manner as for the studies on the growth rates by plating. [{ow=-
ever, the dilutions were carried out entirely in sterile

- 8 =



physiologyical salt solution instead of using medla for the

o

ilution. <Ten ml. of vie decsired dilution vwes seeded

H

inal
into fermentetion tubes containing double sitrencth nedia
and tihe tubes were read at tiie end of 13 haur and 24 hour
periods. '

Iin the first series, one percentv tryptose broth, two
vercent tryptose brotir and tvwo percent lauryl sulfcte tryp-

tose broth was coupcred. oDue to the variability in the rate

v

of gas production, 37 sets of fermentation tubes of L. colil

end 29 sets of A.aerogenes were seeded.,

In the next serics these same riedia wviere conpared with
stendard lactose brotin to determine the rate of growtih and
tiie caount of gas produced.

‘'o deterrniine the irfluence of lauryl culfate in the
stimulation of growth, two ril. of & 5 percent solution of
sodiun lauryl sulfate wvus added to standard lactose broti.
This is tihe samec amount of sodium lauryl sulfate that 1is
added to leuryl sulfate tryptose broti. Ciandard lectose

brothh was used as a control,



RZOULTS

In the first series of experiments involving the various
percentages of tryptose, a 0.5 percent coucentration of tryp-
tose brotn showed consisvently lower growtl rate as compeared
to the other concentratious of tryptose. The 2 percent conc-
enbration has proved to be the most favorable for the growth
of the organisms used in this svudy. However, the 1.5 per-
ceut tryptose broth gave plate couuts closely avproximating
the counts for the 2 percent tryptose broth as may be secn
in graphs I, II, III and IV.

The six hour plate count has vuen found to be a more
reliaovle indicadion of the growth rate of an organism in
tryptose medla then the 24 hour plave couunte. he trend of the
6 and 24 hour counts iu & series, frejuently does nob coincide
as may ve noted from the graphs cnd tables dealing; with plave
counts. Ior example, lauryl sulfate tryptose broth shows a
higher eount in 6 hours than standard lactose broth, whercas
the latter medium may show the higher count in 24 hours. These
differeunces in plate .counts would indicave that the organisms
has changed growth phases from the logarithmic growth phase
to the negative growth acceleration. Thus having reached the
nezative growth acceleration phase 24 hour couunt is less re-
liable. TITryptose bDroth stvimulates the growth of the viable
cells to a greater extent than d9® stand.rd lactose broth which
fact is more evideut by the 6 hour plate couuts.

The bacterisl populatiou of the flasks varied at differ-

- 10 -
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ent tine
series.
in the &
sto.d gr
tried bu
would ¢
granis o
other mne
“he
counts T
the love

ified in

intervals in tle scme series and for dirferent
A critical survey of the dote in the tables listed
poendix show definite trends but are better under-

coiilcally. ..any nethods of grapiaing the data vere

t in every insuence only & three disiensional gravh

cive the desired picture. :-ecause three diriensioncl

re impossible to depict clearly on a flat surlace,

£

ievise

O
Cy

ans hwd to b

2

~roais used were obtuined ag follows: Dacterial

F

or etca vite intervel were arranged serially fronm
st to the higihest countis. ‘ne rigures were class-

to four or five reonresentive grouns &s for exannle

in vrepn I, the first group included counts ransing from

0 to 5,

falling

made bas

GIrouD.
the nizh

tiie Treg

the sccond group 6 to 10, the third group 11 to 15,
fourth group 16 to 20. ‘‘he nwiber of plate counts
into eacnh groun were recorded. ULlocx grenis were

ed unon the number of su:iples apnearing in each
Cecause it was desired To ghovr wiica nediun save

est bactericl counts, increcesed iuportance was given

uencies in tiae higher brcckets. ‘hus in Graph I,

0 to 5 was given a value of one unit; 6 to 10, two units;

11 ©o 15

a mediun with @ aigh count freguency would

, tiree units; 16 to 20, four units. ‘herefore,

ive a wider

n

block than one with a low count frequercy. If the counts

veried ¢

extent o

onsidercbly, the block groph would svill shw the

f the hizsh counts by the width of U he block.
- 15 -



~vcTages of tihe counts were «lso used, ¢lthoush the writer
is aware of tiae danger of averaging videly diversent buct-
erial counts. .lowever, the averages ugcree fairly well with

. ¥

tie blocit graTiise din Justificevion of averaging tae counts,
it mey Le sicted that to o very lerpe extent the counts veried
leas t.&an 25 pnercent Trom tie mean. pucih data con be averaged
without denger of obtilning answers not represcntative of the
Grovth rates.

in a second series of experinents wiere one vercent tryn-
tose and two vercent tryrtose were cuupared with L.S.7. (lour-
¥l sulfzte tryptose) brotin greoas V, Vi, VII, end VIII in-
dicate that two percent tryptose broth is sligutly miore eff-
icient than L.S.T. brota. .lowever, tiae Alflfercnce 1s neg-
ligable. Because tiaese two brotias contein the stme incredients

a e

with the excention of sodium la-z1yl sulfcte beins adiéed to
LeS.T. broth, tie plate counts sihould avnvroxiaate eacii other.
.n anotvher series ol viiperinents, sodiun louryl sulfote
vis tested for its stinmlaeting or iniivitory nroverty. 1t
wvas found tact sodiunm lauryl sulrlzte, wien added to standard
lcctose broth, occasiontlly siwowed & slig
ion but when used with tryptose, a very slizht stiwletion
action wes noticed. wiis is siown in the ~ppendix in
Jebles VIII and 1X. Thcerefore, the difference between L.S.T.
broth and two percent tryntose brotia mey bve attributed to
experimentzl error. Lauryl sullate tryptose broti is un-

questlonably @& better riecdiw than oue nercent trryntose broth

- 16 -
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Tor 21l orgsunisas studled ¢s 2y be siovn by plate counts
end fermcntetion reactions.
cermentation studies revezl L.S.T. brovi to be the supn-

erior nediwil for both ..schericihia coll and merobacter cero-

genes. lore gas was nroduced in L.S.L. broth thuen in one

sercent or two rnercent tryztose broti. 4 bubble of gas

would often &vpcar in ell tihree of tiese media in tiairtcen
hours)vhereas cloudiness wis tie only indication of growoh

in gtondord loctose croti. ot the end of tie 24 hour period,
es nuca as 100 rnercent gus was rprecent in L.S.T. feraentation
broth, whereas, tie aacunt of gas in stenderd lactose broth
seldou execazcaed 50 percent. rewer nesitive tubes were en-
couritercd witih L.S.T. broth than witi stanacrd lactosc broth.
1t is pogsible thet these nesttive tubes ivere not seecied due
to tne minimel nuwabers present rataer vhan feilure of groviih.
“tbles IV and yy in the appendix give the initial count along
wivii tihe goe proauction., whese toble s wore g¢ravned in the
c¢forementioned nanner using seven raenges of requencies. 7The
first renge ircludes ¢ll tubes wiiich either foiled to grow

or produced ¢rowbn without gug formation. Yhe second raine
included all tubes contvaining & bubble of gus; the third
renge, 10 percent gas; tue fourvia réange, 25 percent gis;

~

the fifth renge, 50 pcrcent ges; sixth ronge, 75 vercent

~

-¢s; and the seventh rance 100 percent gas. Grapas IX, X,

re

XI end zII clecrly siow tae fernentetion rates of Z.coll

—————

and i.., 2erosenes,
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A. aerorenes did not produce as rwuch gas as did 2. coli

in any of the fermentation reactions. ‘the plate counts for

A. serogenes were considerably higher than those of E. coli

thus it would be logical to assume that the fermentation rates,
would correspond.

Sodium chloricde was found to be definitely a stiiulating
agent for the growth of organisms. When added to standard
lactose broth, sodium chloride almost doubled the plate counts
of the standard lactose broth. At times these counts equaled
those of L.S.T. broth. The rate of growth and amount of gas
produced increased noticeably as shown by the fermentation
reactions. Jowever, at no time did the gas production equal
that of L.S.T. broth. This stimwulating property of sodium
chloride is considered to aid materially to the value of trypt-
ose brotih.
it ves

In the studies involving Pseudorionas aeruginosa,

found that this orgenism gave approxinately the same reactions
described above. !liowever, tlie growth rate was considerably

slowep than thet of either E. coll or A. aerogenes. The growth

rate seldom exceeded that of E. coli under 24 hour period.
Graphs XITI and X1V show the rates of growth for the 6 and 24
hour periods and more detailed growgh rates may be found in

the Appendix, Table X.

- 26 =



SdNOH 9

#00P—102%% 002-T0Z:2 ‘003-TOT33 ‘CCT-03T  °sasuzy Aduonbauy

369 FunOO ‘AL S z 3 1 AL

78 JUNOD *A® g 5 1 43
3°43T 7UN0> *AB g 5 g 1 Tow
Y
2°CST 3unoo *aw S 4 2 T Lt

*850UTINIIR SsucwWOpPNasd

JUTSN S3UNOD [BTJIAPOBY LAY EBIPSW 95030w] pus vIpaw 9s03dALiy Jo uosTascwo)  IIIX ydsan

- 27 -




doIddd dLCH v3

70033V ‘005-053%¢ ‘053-00T¢2 ‘00T-0%T  °sesusy Lousnvady

W25 qunos casl ¢ 2 1 #1

M2°037 3unos *AB ¥ 213 T 45
puwge 30T 1unco cae| 2 T 10
\lk.wlo.\b
P2t L2T 3uncd cazl oy 2 g T AR

*6SCUTLNIIY Scguowopnasd Juisn

$qUNoO TBvTJI2308q £q BIPSW 950308 pUB BIPAW 85034413 JO UOSTJI8dWo)  AIX ydead

- 27 -




DIZCUS3SIO

& good diagnostic nediwt sinouwld stinulate tac srovth
of viable, doimwint cells &s ruridly a&s possible. :ifter
growth and develorment hes bogun, tie ovganisn snould re-

nroduce in suc.a nwibers @s to be recognized by their p»arsi-

ologicul action upon the uediwa. o datec, lauryl sulfate
ryptose broth ¢nd =.C. Mmediwa are tihhe only medic tiaat
stinulate ranid grovwta in ¢ chort period of tice. he comp-

sition of these two ixedia isg nracticclly the stme witia both

o

ccuntaining a tryptocse bese,
in order for &n orgonism to grow &énd reproauce it iuust
go tiarough 2 nuwiber of pnhuses in the life cycle. 2Zuchanan
(25) defined tae Tirst Tour phases as followe:
1. Initial stationery vhose - the nuiber of bacteria
rem~in consiant or nearly so.

. Las phase or positive growtn accelercti

o

on phise -
the average rote of growta per orzanism increases
with the tiluc.

3. Logarmitimic growth nhdse - wue n te of growti per
orgnnisa is constznt in & geonetric rotio.

L. Nesative grovitil acceleration - the averace rate
of growt.a per organisii decreases.

Reproduction begins cfter an orsanism hus overcore its

stationary phese by adjustment to environment and satisfying
(8
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.

its fooq reguirenents. ‘e cell undercoes Tiszion and tae
two young cells begin growth. ihese young cells are'quite
suscevntible to adverse conditions curing this period as
demionstrated by uatington and Winslow (8). Ieny viable
cells feil to revproduce when transferred from one environ-
iment to another, particularly & radically different environ-
iient because o7 the 1Inavilily of cdjustiient. 'he coliforn

orseanisas froa fecel nctericel are not nornal inihzoitants of

weter supplies. hese org:nisusbecome proportionately att-

ct

enuated with the length of tine they reicin in the water,

due to sucin factors as inadeguate food suvnly and temperature
conditions. ‘“hnen too, tle water greatly dilutes the nunbef
of orgcnisms per ml. hese Tactors must be taken into con-

sideration viien choosing & good dicgnostic mediwn.

sann (25) found thet an increase in the number of orgon-

[N

caused & snortening of tihe lag vhase, when comnaratively
snicll numbers were used for seeding. ‘wnis is true as ob-
served from the tables in the appendix. 4 relatively small
secding rexncined in tihe stationary phese for about four hours
after whic.l a noticeable increase in growti wos observed.

In sone experinental studies by Salter (25) on the rate of
growth of DL.coll in pepntone woter, the Tirst tihree hours

of & nine hour period showed considerably slower growti than
tie last three hours. In the latter period there wvus alweys

a lengtaening of tihe generation time wihich would indicute

...29



that this ti:ie included a pcrt or tae negative growth phase.

~

At the onsct of tae period of mcxiium reproduction there

W

|
.

is a marked increcse

@]

n .etubolic activity with zreater heat

production, onysen conswiption, and ¢ production of cirvon

s

dioxide and ciaonia. The metabolic activity apparently de-
clines before nultiplication ceases to take nlace at & maxinal
rate, Since this is true, lauryl sulfute tryptoce brotia ev-

s stizulates tie ranid growth of viable cells to maximum
reprocuction and incretsed metobolic scetivity much :ore quick=-
ly than svandard loactosc broti.

i.lthough, @ll concentrctions of tryptose vrotl studied

0]

increwuse tae zgrowtil rote of cn orgenisa to o grceceater extent
than standard loctose broth, a two rercent tryvtose concen-
tration is reco.i:ended for Stendard llethods. These studies
show that 1.5 percent tryptose grow out the orginisms almost
ts well as 2 percent tryptose but maxinmuwa growth is obteined
wita this former concentration. Laboratories wiere econcny

is of much concern are urged notv to reduce cost by using a
1.5 percent concentrztion, ZSecause leuryl sulfate trintose
brotii eli.iinates false presuwiptives, leabor and media costs
are automaticelly cut. hls would be especilally true in lab-
oratories testing trecated and filtered vaters. Under no cond-

-

tioneg is & concentration below l.5 percent to Le used.

| ol

Pseudomonas aerusinosc is en organisi antagonistic to

sSecherichia coli and is usutlly cscocivted with it wien is-

- 30 -



ol ted from wuter suvpclies. ¥s, aerusinost outgrows L. colil

- . oRl . A . . 4 . o . N
nuuagver & lowmser period orf ti.ne., Growth is slowed un tlirousch

a o Tt A
s & acciaed

[¢)
e

T.ie £ nour period but after L& nours, ther

increrse in the growil rote over tict of Z. coli. Iere again

the cavantage in using & nediuwa weeicih svinwleotes the rapid

grovth of X. coll and 4. cero-enes cun be observed.

The addition ol ~ouwina lauryl sulfcte to & nmediwl nrod-
uces a very sliznt stiuuicting efrfect uron the colifor:l or=-

caniens, Cowles (1) found t.at sodiun laurvyl sulfate exerted

bited

}.Jo

inh

£

a selective action for tie coliformi orgonisiis an
other grinepositive lectose fer.enting organisas. Ferry and
Iejna (20) precented soiie data to show tae superiority of

Z. C.mediwt over lauryl sulicte tryvtose brota. In L. C.
mediu bile sclts have been substituted Tor lauryl silfate,
~ile selte alco inhibit the gran~ ositive of:anisns but hove
been »rove to be inaibitory to the colilora orgonisus cs
well; To date, no liteorcture is availeble concerning tie
innibitory or stvimwuwleting proverty of lauryl sulifate. rronm

-

dent that lauryl sulfate tr. »toce brota

this study 1t 1is ev

o

esirable riediune.

joN]

is the 1ore
sodiun cnloride iaas never been cdaded vo gianacrd loct-
ose brotin because it maekes the rediua hypertonic and it is,
therefore, reasoned thet a large nutiber of the orzanisns
would fail to make an cdjustment in this new tyne of environ-
ment. ‘'he rnarlied increcsc in growtih as dewnstrated by taese

studies show taat the orginisias not only mtde cnaljustuient

- 31 -



but were elso stimulated to increased grovth rates. Recause
of this narxed increase in tie growth rate a 0.5 percent
concentration of sodium ciiloride in standard lactose brotn
is recomnended for Standard rethods.

The experimentation carried out for these studies is
not considered co:iplete. More work should be done with mixed

cultures of E. coli and A. aerogenes as well as with several

entibiotic organisms common to polluted waters.

- 32 -



1.

SULTARY

The growth rates in 1.5 percent tryptose and 2 percent
tryptose broth epproximate each other.

A concentration of 1.5 percent tryptose should not be
substituted for a 2 percent concentration.

Two percent tryptose broth is recormended for Standard
rethods.

Lauryl sulfate tryptose brotih is suverior to standard
lactose broth.
Lauryl sulfate tryptose broth stinulates ferrientation
reactions more rapidly than standard lactose broth.

Tscherichia coli grows more rapidly than FPseudomoneas

aeruginosa during the first 24 hours.

Sodiun lauryl sulfete has little, if any, stiﬁulating
or inhibitory action upon the coliform organisms.
Sodium chloride shows marked stimulating properties in
a0,5 percent concentration.

The addition of sodium chloride to standard lactose

broth is recomiended for Standard ethods.
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Flate Counts for gscherichia coli

H0ULS 0.55 T 157 1.55 T 25 T L.B.-11aCl
Initial 10 5 7 3 2
2 5 11 6 6 5
L 79 129 130 122 169
6 98l 1.60 2235 2362 179
24 1650 177380 8501 1500 3810
Initial 8 12 8 6 11
2 13 10 9 6 1S
L 9L 105 138 231 245
6 1050 1511 1560 3213 2600
21, 952:: 106011 1522:1 15881 LGL !
Initial 12 11 23 17 13 -
2 11 13 10 17 15
I3 682 197 305 500 563
6 1460 2288 5000 5750 5080
21 12701 E8911 BN 69211 L7311
Ipitial 11 11 12 18 10
2 10 15 8 10 16
L 298 295 293 236 21,8
6 1570 2150 2890 1130 1210
24 120:: 13011 23001 190:1 &0
Initial 11 7 10 13 11
2 9 7 5 6 6
L 5.7 5.0 392 179 337
6 L1.1.0 53510 2330 1500 1200
21 5011 100:1 9011 9011 . 201"
Initiel 3 1 o L L
2 3 8 13 15 12
L 182 283 559 902 302
6 22866 2730 6540 1165 9779
214 302 67 6511 811 2917
Initial 5 7 10 L 6
2 6 6 L 9 7
g 178 170 203 L13 492
1226 25L0 L.G0O 8000 5020
21 28671 5011 3011 781 221



HOURS

Initial
2
4
6
24

Plate Cownts far

0.55 T

10
10
296
4254
3701

15 T

11
12
445
4572
3301

bl

Mochericihia colil

1.55 T

7
10

1115
11239
43011

25 T

5

23

450

5461
65017

(contrd)
L.B.-NaCl

12
15
518
6096

903



¥

Initial
2

L
6

2L

Initial
2
I
6

I

Initial
2
L
6
pan

Initial-
2

N
6
2l

Initial
2
L
6

2L

Initial
2
4

6
2k

Initial
2
L
6
24

T.DLE 1T

Counts for Escherichia coli

1, T
1
0
0

133
Lo

= oM

30
1184T

25 T
1
0
0

552
oM

- 234
- 39 -

oM

LeB.=tiaCl

2
0
0
181
L1

611



Plate

HOURS

Initial
2
I
6
2L

Initial
2

2

2L

Initial
2

L
6
2L

Initial
2
L
6

2L

Initial
2
L
6
2L

Initial
2
4
6
24

Initial
2

L
6

2L

Counts for Zscherichia_ coli (cont'd)
l:; T 253 T L- SoTo L.B.-H&Cl

1l 0 1 0

0 0 1 2

5 3 3 35

126 227 189 L59
1410 oM 2211 61

0 1l 0 0

0 0 0 0

1l 1 1 1

0 100 100 200
9840+ 10807 59707 32L0T

1l 1l 0 0

0 0 0 0

3 0 0 2
400 700 200 0
5590T 1175071 5780T 30807

1 2 0 0

0 0] 0 0]

2 . 1 2 1l

700 LOO 500 0
10500¢ 85700T 10500T LL 50y

1l 0] 3 2

0 1l 0 1

11 7 8 9

LL7 1677 1030 298
11 13 8.1 PAY

6 L 2 3

6 1l 7 6

9 22 16 15

151 155 139 218
131 14L1 91 611

8 3 0 8

5 L 3 3

18 3 10 15

93 116 96 141
~ 201 1511 1011 6M



Flate Counts for sscherichia coli (cont'd)

IIOURS 15 T 25 T L.S.T. L.Be=1iaCl
Initial 2 5 14 5
2 5 L 0 2
L 9 20 10 16
6 176 117 115 133
2L 6:1 2 21 811
Initial 3 1l 6 3
2 2 2 3 11
2 8 13 9 L9
90 85 110 569
2L - - - -
initial 2 5 5 5
2 2 2 10 6
L 6 18 33 99
6 61 89 54 100
2L - - - -
lnitial 0 2 0 0
2 0 0 0 0
L 17 3 23 14
6 229 525 282 L97
2L 2131 811 L0 M
Initial 0 1l 1 0
2 0 2 0 0
L 33 16 9 18
6 L399 L25 326 220
24 Qul )% 151 1
Initial 0 0 L 0
2 1l 0 0 0
2 9 102 99 29
oLl 919 16347 513
2L 16.i 1611 10.. oM
Initial 2 1 0 0
2 0 0 0 0
L 12 L 10 12
6 344 338 1,09 57
2L Lil 21 61 1l



Plate Counts for Zscherichia coli (cont'd)

HOURS 15 T

Initial 2
2 0
L 13
6 L38
2L 11

25 T
2
1

12
298
5t

- 42 -

L.S.T.

LOB o-.L*iaCl

1 0

0 0
12 18
379 358

BAE 21



Plate Counts for Escherichia coli

TI0URS 15 T 25 T L.S.T. L.B. L.B.-17aCl

Initial 1 0 0 1 0
2 0 1 0 0 0
L 21 28 10 L L3
6 205 860 L95 107 L76

24 623 62511 53411 20411 33511
Initiel 0 0 0 0 0
2 2 1 2 0 2
L 13 26 33 9 9
6 L51 536 588 154 582
2L, 9381 99611 652N 297M L25
Initial 0 0 0 0 0
2 2 0 3 0 0
L 16 20 25 3 L6
6 389 L0 332 62 1214

2L 66711 10381 71411 4,98:1 L7751
Initial 3 0 0 1 0
2 1 3 1 2 2
L 86 36 30 2l 34
6 717 699 1290 357 1585

24 gooul 868L L6BM )51 22411
Initial 1 0 0 0 0
2 0 0 0 0 2
L 3 17 12 0 10
6 569 532 85 83 243

Rl 773k 1174M 101311 2L9M 350M

-.4.3-



Plate Counus for Lerobacter cerccenes

MCURQ

Initisl
2

;

2L

Initial
2
L
6
2L

Initial
2

I
6

2L

‘Initial
2

L
6

2L

Initial
2

;

2L

Initial
2

:

2L

Initial
2
L
6
2L

15 T

1

1

21

8255
120651

32
9652
10160%¢

22
15875
19050T

2
18615
11430%

0

23
7239
6420

10
195
L500

oL{

66
160
150::

TABLE III

25 T
0
1

2
12582
11430T

2

26

1651
133357

111
3000

1 %4
ate

0

p)

129

2800
250

- 44 -

0

2

22

696
§255

11

L3
22225
18L15%

0

1

6

635
127001

232
6200
Ol

0

0

1LY

1000
200

Lo B ° —i\‘&Cl

0

2

26

12392
3112T

22
9543
26207

20
1016
3160¢

52
1932
_2780T



Plate Counts for Aerobacter aerorenes (cont'd)

HOURS 15T 2,1 L.S.T. L.B.-IaCl

Initial 1 0 0 1l
2 1 3 2 L
L L5 122 L9 61
6 1300 2000 1500 1800

2L 14,03 2101 170 6011
Initial 0 0 0 0
2 2 1 0 0
L oL 54 L2 64
6 1900 - 1600 1400 2700

2L, 170k 2L0M 90M 50t
Initial 0 0 0 0
2 0 0 0 2
L 35 16 L5 32
6 8000 2000 1000 3000

24 140 2501 3901 501
Initial 1 1 1 1
2 3 5 0 0
b 59 8L 56 70
6 1111 2180 14L6 108

24 231 2211 M 101
Initizl 0 0] 2 1l
2 2 3 o 1
L 66 57 © 67 98
6 1118 1758 1035 1822

2L 151 PR 811 61z
Initial 0 1 0 1
2 0 3 0 0
2 12 19 23 17
387 L76 1005 70

24 30K 18 L1 11
Initial 0 2 0 1
2 0 0 0 0
L 7 18 21 15
6 381 102 305 685

2L 1o 134 2811 1214



Plate

HOUES

Initial
2
L
6
24

Initial
2

L
6

2L

Initvial
2

L
6

2l

Initial
2

¢

2L

Initial
2

L
6

b

Initiel
-2

é

2L

Initial
2

L
6

2L

-1
15 T

oM

214l

(contté)

IJOBO "I‘TEC].

1l

0

23

1308
L1



Plate Counts for Aerobacter aerosenes (cont'd)

HOURS

Initiel
2
L
6

Rl

Initial
2

L
6

2L

Initiel
2

L
6

2L

Initial
2

L
6

2

0

2

19

2L70
110611

20
1430
729:%

!
20 T

0

L

38

2140
37711

21
2190
2131

52
L8L0
9851

53
3520
134111

- 47

L.S.T.

e e

1l

0

5L

2050
5331

16
1500
56711

LO
3250
539K

72
5050
60211

L.R.=NaCl

0

2

39

2140
332M

~NO O

660
388M

L3
3990
656M

22
2080
5321



T.3L3 IV

Fermentition of Zscherichia coli --- 13 hours

' , Initial
Sample Xo. L.S.T. L.B.-lieCl 25 T 15 T Count
1 # # - # 0
2 # # - - 0
3 105 - - - 0
L - ¢ - - 0
5 # # 105 # 2
6 # # 105 - 2
7 105 £ 105 2695 1
8 104 ¢ 55 10% 0
9 £ ¢ - & 0
10 254 - - 30% 0]
11 205 55 5. # 1
12 105 5% 2% £ 1
13 # Growth Growth £ 3
1, 1055 £ f £ 1
15 Grovth - - 5% 0
16 10% - Growth £ 3
17 50% 56 305 2095 1
18 ¢ - Growth - &
19 # % # # 3
20 / - / / 2
21 5% # 35 £ g
22 - - # 3% 1
23 - / / / 0

- 48 -



TFermentat

Scaiaple Iio.
Rl
25
26
=7
28
29
30
31
32
33
34
35
36
37

ion of Zscherichia c¢o0li --- 13 hours (cont'd)

L.S.T
205
155
10%
157

Growth

y

Y
Growth

/

4

Growth
Growth

4

LoBa-I-aCl

b U NG N

/
Growth

Growth

Y,
4

Growvtn

/

- 49 -

£

#

#

105

Grovwth

4

#

4
Growth

#
Grovth
Grovth

#

#

/
105
15%

/

4

4

Grovth

£
Graitn

#

#
Growth
Growth

/

Initiel
Count

2

3
0
2
0
0
1l
2
3
0
0
0
0
0



Scmple No,

1

O 0 N O W WP

T N N S S~ R~ I T
~ o W\ W 4V |l (@]

memy ey o
TABLG A

sermentation of Zscherichia coli

L.S.T.
95,5
1005
90.-
S0:5
95¢%
975
10055
100;;
1005
80,5
3075
85,5
10035
757
100;;
1005
85
100%
100,
100%

L.B.-IaCl

- 50 -

L5
30,
30
305
300
L0

- 24
205 T

85%
955
8075
605

1003
50
100,
755

957
1003
85%
50;
50:5
9075
1005
905

L.ours



Fermentction of Zescherichia coll --- 2L Jours

Sample lio.

2L
25
26
27
28
<9
30
31
32
33
34
35
36
37

3055
15,
105
25%
60:5

LO;>

2> T
103
1003
90:5
1005
1005
305
75%
95%
8595
100%
100
L5
70%
95:3



£A300 VI

Feruentation of Aerobccter cerogenes =--- 13 .lours

Sanple o,

1

NN O v T W

o

10
11
12
13
14
15
16
17
18
19
20

LoS.To

4
/

Y

Growti

£
Grovth

£

o
Growth
Growth

#

#

£

¢
Grovth
Growth
Growth
Growth

Grovth

L.B.-1aCl
4
4

N KN KN XN N N N N N

~

Growth

Growoi
Growtn
Growth

Growth

- 52 -

) L S S

4

Growth

b N N N N

,l
Grovrtn
Growth

Growth

Grovth
£

Growtn

h N N U U N N

O N N W

=1

vbi

o
H

Growth
Crovrth
Growoh

Growth

Initial
Count

2
35



T4 9= =" LR 2
b-Lj—J_J AL

Fermentation of Lerobacter cerogenes --- 24 Ilours

Sample No. L.S.T. L.B.-IlaCl 25 T 15 T
1 5. : 105 20% 255
2 5% 105 5% 255
3 - - - /
L 15 g 20,5 35,5
5 55 1045 155 205
6 LOj 207 155 20,5
7 5% 104 25 25
8 2045 155 . 155 155
9 155 155 25 305

10 555 105 105 105
11 105 5: 24 £
12 309 204 255 105
13 1550 2¢5 105 25
1L 104 24 104 10%
15 305 104 10% 10
16 5% 57 1055 2575
17 105 5,5 3050 5,5
13 10 5.5 755 55

LA
[N
N
N~
<
N~
N

2% 105



TASLE VIII

Fermentation of Aerobacter aerogenes --- 13 hours

Sample Stand L.Be & Initial
No. L.S.T. L.B.-NaCl L.B. 25T 15T L.S. Count
1 - ¢ Growth Growth - Growth 0

2 - ¢ - - - Growth 0

3 £ - Growth - ¢ Growth 0
4 # ¢ Growth § Growth Growth 0

5 - - Growth 4 Grow:h | Growth 0

6 - - Growth e - Growth 0

7 ¢ Growth Growth - £ Growth 1

8 Growth - Growth - - Growth 3

9 # % Growth £ ¢ Growth 0

- 54 -



fABLE IX

Termentation of Aerovacier aero,enes =--- 24 hours

Sample
No.

1.
2

W © N o8 W & W

Le.S.T.

655
654
6055
7055
1005
655
1004
65%
805

50%
505
603
45%
40%
40%
507
50%
65%

LoBc-I-la.Cl

- 55 -

Stand

L.3.
3%
30%
45%
25%
10%
40%
40%
40%

45,

25 T
755%
20%

10055
60%

1004

100%
60%
50%
755

15T
6053
804
80%
504
655
70%
807
60%

603,

L.B. &
L.S.

15%
15%
105
25%
10,
105
25%
107
10%



IIOURS

Initial
2

L
6
2L

Initial
2

¢

2L

Initial
2

¢

2L

Initial
2
L
6

Rl

Initial
2

L
6

2L

Initial
2
L
6
2L

AL oT

27T )
LAdDadia X

Counts for Pseudorionas Aeruginosa

15 T 25 T L.S.T. L.B.-1aCl
0 2 0 1
0 0 1 0
2 0 2 0
L 3 9 7

171 151 211 1011
3 0 0 1
0 1 0 0
1 0 2 1l
5 14 2L 11

191 1711 L 12
0 3 0 0
2 2 1 0
1 3 3 0

11 1L g 3

221 81 3 11M
0 0 0 0
0 2 0 1

64 2 8 7

18 30 37 28

.1 1M 2M oM
1 0 0 0
1 1 1l 0
2 2 2 149

23 2L 36 32
()9 11 3M !
0 0 0 0
0 2 2 0
3 1 2 1l

11 19 53 21



Plate Counts for Pseudononas ferusinosa (cont'd)

HOURS 15 T 25 T L.S.T. L.B.=-NaCl

Initial 0 0 2 1
2 1 2 1 1
g 1 A L 2
37 65 67 50

2L 21 0: Ox1 131
Initial 1 0 0 0
2 1l L 15 85
% 0 L 2 5
17 18 35 16

24 0ii 1 13 21
Initial 0 0 1 0
2 1 9 29 2L
L 0 1l 7 2
6 12 17 19 34

2L 0id Ol on 1
Initial L 3 2 0
2 0 0 0 L
2 8 3 6 8
200 0 200 200

2L 201 56M 184M 205M
Initial 0 1 1 2
2 2 2 3 2
I 32 27 Lo L3

6 100 500 12007 1200T

2L 20711 597.1 223k L0711
Initial 3 1 1 1
2 0 0 2 2
L 9 9 6 7
6 0 300 200 300

2L 24,81 64311 21811 L5541
Initial 2 0 1 1
2 0 1l 1 0
L 5 6 5 11
6 200 0 300 100

2L 170 2762 19311 6151




Plate Counts for Pseudornionas Aerucinosa (cont'd)

HOU}{S 13 T 2‘—477 T L L S [ T o L ) B ° -ITaC]:

Initial 0 1 0 2
2 0 1l 0 0
L 3 2 1 3
6 7 9 10 14

2L 611 50L2% 167" E111
Initizl 2 0 0 0
2 0 0 0 1
L 0 0 1l 0
6 9 10 10 2

2L 3311 18111 129.] 3M
Initicl 0 3 0 1
2 0 0 0 0
L 1 1 1 L
6 L 1 8 3

2L 283 93011 15511 2L

- 58 -
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