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A STUDY OF CHIIICAL AGIITS FOR SILuCTIVE GROUTH

OF TiZ COLIFOLI ORGLIISIS
(An Abstract)

Since tie first recognition tnet Arinidne water wiich had becone
contaminated with fecal material nay bte the source of dissemination
of certain disecases, there has Leeun a searcl: for a sultable ieans of
testing waters for bactorial purity.

Many selective media have becn devised for the detection of the
coliforn orsanisns., Of this host of nedia, nost lLiave been abandoned
because of inaccurate resulis obtaired by their use., These incceur-
acies were mainly due to too great a toxicity to the coliforn organisns.

Even the confirmatory nedia most widely -—sed todey, brilliant
green bile broth, and eocin methylene tlue agar, have been showa Uy
Mallmann and Darb;l to be inhibitory o the coliforms. Thus false
information is given by their use, and a false impression may be ob-
tained regarding the condition of a water source,

As a result of these findings, it seened advisatle to contlnue
the search for a selective agent which would effectively inhibit all
non=coliform organisms which nay give false positive tests. At the
sare tinme this agent must not in any wayr interfere with the grouth or
cas production by the menbers of the coliform group.

Seven cubstances were tested which were mowm to e:xhibit this
selectivity to a greater or lesser extent,

Of these seven compounds, precliminary tests showed five to be
inhibitory to growth and gas production by the coliforms at a con=-
centration which would effectively inhibit the two gram positive

orgarisns, Staphylococcus aureus and Facillus subtilis,
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These five compounds are:
1, Potessiun ferrocranide
2. Fotassium ferricyanice
3., Potassium cyanate

4. Potassiu: arscnate

5. Potassiuna arsenite

The other two corpounds tested were ethyl purple wnd 2,2' licthyl-
ene bis-/-chloro-6-isopropyl phonol (K=7643). DBoth of t ese compounds
exhibited a reuvariatle selectivity in prelininary teste,

Ethyl purple elfectively inhibited thz gram positive organisns
tested at a dilution as hizh as 1-1,1 nillion, while allowing the
coliforms to grow at concentrations from 1-40,070 to 1-10,000, Fur-
ther studies with ethyl purple showed that a concentiration of
1-333,000 wou.d effectively imhitit the gran positive organisms with-
out noticeable inhibiting gas production by tre coliforms,

Coupound K-7643 was shown to inhibit growth of the cram positive
bacteria tested in a dilution of more than 1-1 million, and allowed
abundant growth of the coliforms at 1-1C,000, the highest concentration
tested., Further studies using 1-100,000 and 1-400,000 K-7043 showed
it to exhibit no aprarent inhibition of the coliforrnis, while effect-
ively inhibiting growth of the gram positive btacteria tested,

Actual field tests run with media containing these corpounds in
proper concentration on chlorinated sewagc effluent showed them to be
comparatle in their selective specificity. When cormpared with bril-

\
liant green tile broth it was evident that 1-333,0C0 ethyl purple
and 1-100,000 K=7643 eliminated certain non coliform organisns which
produced gas in, and discolored brilliant green bile mediun, These

two media also were cagable of allowing the growth of certain coli-

forms which, due to their attenuated condition or natural sensitivity
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were not able to initiate growth or rroduce gas in brilliant green
bile mediun,

The promicing results in these limited studies of trese two
redia seens to warrant their further and more intensive investigation
as a possibly nore accurate and dependable confirmatory nediu: for
the detection of coliform organisms,

(1) Mallmenn, W.L. and C.W, Darby Uses of a Lauryl Sulfate Tryptose

Broth for the Detection of Coliforn Organisms., A.J.P.%., 31:127-13/
(19/1)



A STUDY OF CIEiICAL AGELTS FOR SILECTIVI GROWTH

OF T'E CCLIFORIM ORGANLISIS

By
Dale Emil Dordt

A TIHZSIS
Subriitted to the School of Graduate Studies of liichiran
State College of Agriculture and Applied Science

in partial fulfillnent of the reguirements
for the degree of

Department of Bactcriology and Fublic Fealth

Year 1951



ACKICWLEDGIENT
I wvish to evpress ry apvreciation for the generous guidance
given me in this wort by Dr. W, L. !’21lmonn, Professor of Bacter-

iolofy and Public Health,



TALLE OF COLTLIITS
Historical BackorowiGeeereceeesscssesccoaseaccses P |
Purpose of the Problefleeeeecceccececcccsssccossssssssassacased
Experimental ProCceedUrEeeeeecesesecssccessssssoscasssscsssnssd

Descriptive Listing of Laboratory Cultures
Of Coliforiis USEdeesesesessosccscssscasscacsascssoacsocasessell

List of Compounds Tested, and Their SOUrCESesescesescscsseselld

Experinrental Results Cbtained With Potassium Ferrocyanide,
and Conclusions Drawn From These ResultSeceeecsccccscccsooeseall

Experinental Results Obtained With Fotassium Ferricyanide,
and Conclusions Drawn From These ResultSeeescesccescsscacssel’

Experimental Results Obtained With Potassium Cyanate,
and Conclusions Drawn From These ResultSeceeescccccccececccceel?

Experirental Results Obtained With Potassium Arsenate,
and Conclusions Drawm Fromn These ResuliSeeeceecccccccccssssel?

Exrerirental Results Obtained With Potassium Arsenite,
and Conclusions Dravm From These ResultSeceescecosscsoccossel

Experimental Results Obtained With Ethyl Purpleeceecececeececeeeel3
Discwsion OfResl}lts.................."..........I..ZA

Experimental Results Ottained With 2,2'Methylencbis-
4-C1110r0-6—iSopropylphenol (1:‘7643 ) ®000000000ce000000090 e 026

Discllssion Of Results...l..........I.....O...l.....’..28
Conparison of Results Obtained With 2 Percent Drilliant
Green Eile, 1-333,070 Ethyl Furple, and 1-100,000 K-7643

on Chlorinated Sewage Effluenteececcceccsscssscocoscenceseeal

References Cited........oooooo.nooo.....oo;oo.o000000000010032






In the last hali century there has been a hnst of edia deviced
for the sclection and differentiation of orcaiisns of the enliform
croup, The stimdus for thes development of these muny media was the
recornition of a need fer the detoction of fecal rollution in water
sources in*ended for doncstic vse, and later the roed to test tlie ef-
ficiency of rurification of known contaninated water sources bteing
used for dorestic consunption. The assumption and reasoning here
being that in the case of fecal rollutlon, nembers of the coliforn
group will be rresent.

Theobald Suith (1) wes the first to attenpt the use of glu-

ES

coce broth ih the estinaticn of Egeillus ¢oli in water, Ile toolk

.

advantage of the abilitr of I. coli to fernent glucose with the
production of gus, and by inoculating tubes with varicus diluticns
of the water sample being tested, he estirmated the approxinate mmn-
bers of organisnms in the sanmple, It becare evident however that
rmany other organisns could also nroduce gas in clucose broth,

Jackson (2) in 1907 recor cnded the use of lactose broth
contairing bile Zor the elirination of non coliform ras nrodocors,
In 1912 lactose bile Lroth was the standard redimm for tle rrocun-
prive tect in water anclysis, Verious workers, usirec di%%crernt con-
ceutrations of bile broth reported conflicti - oriri-nis an the advic-
ability of using bile as a precumptive neliwi, Sone worlers rercried

bile a

[ 6]

being inhibitory to members of the eoliform srour, aid as a
result lactose broth witliout hile was reccomien od by e Stardard
tiethods Cormitice in 1077,

I'any species of bac in water have the ohility <o

fernent lactose while not teloncins to the coliforn rrovn (2).



Avonyz these speciesc may be found memberes of the anaecrobic siore Jornm-

ine gerus Cloctridiwg:, nomely Cl. perfrinc~cns and Cl. sporosencs,

Also certain aerobic srorc formin~ bacilli nmay rroluce zas fron lac-
tose, lMany streptococei ad some staphylococel have the ability to
hydrolyze loctose into it's conponent ronocaccharides “lucece and
ralactose., These hexosc surars moy then te atvicclcd and brelen

£o4n

down by certaln bacteria such as sone nmertbers of the ~enus [rotens

theac sultant oreducts norr be

7icld sinzler creducts,  Anong
racses, This symergistic combination noy then result in fu
tive preswiptive coliform teste., Various menbers cf the concra
Mceraiella and Zrdinca oy also ferment lactose with the preduction
of gas, buh thrir rare occurrence in water elindnates thiem from
being sicnificant as interferin~ orpanisms in water bacteriolo;y.
It chould hc noted from the information juct given that the

rreat majority of false positive tests involve ot least one gran

&

.

positive species, Thercfore, a deceirable selective mediwm for use
in water analysic should be one wihich world inhitit &1l gsran rosi-
tive orsoiiisms at a concentration vhich would not bhe inhibitorw for
the growth or rac production by the ccliforms,

The interest in and Jdevelorment of various media used in woter
aralrsis rrocceded in the followins goneral mamner.

Wtz (4) in 1892 crezared lactoce arar containin~ litnus es
an indicator for the detection of intectinal lactose fermentin: orman-
isns, The litrus wowdd turn red with acid roduction by *he coliforn
or~anisng, and therely indicate their presence.

.

Drizalslid and Conradi (75) added reitian vieclet to tie modiun

('l"

that Wurtz had deviced, The rontinl violet bein~ added  to inhihit

(&) e



the growth of gram positive or-—aznisns,
Endo (6) did his classcical piece of werk by using basiec
fuchsin decolorized with sodium sulfite for the isolation of Sal-

monella t:phosa, Later various workers modified thils medium for

their particulcr purposes, and it became widely used for the de-
tection and differentiation of the coliforn organisms. The pro-
duction of an aldehyde by E. coli on tue mediun restores the

color to the iasic fuchsin and produces a metallic shecn on the
colony. The chief disadvantage of IEndo's mediwa was it's insta-
bility, The color returns to the mediu: in a shert time even at
ice box temperatures in the dark, and much more rapidly under warm,
light conditions,

The disadvantage of instability was overcome by liolt-larris
and Teague (7) who used eosin and methylene blue in their medium.
This rmediun also uncerwvent various modificaticns and simplifications.
The modification by Levine (&) is still being uscd extensively to-
day in the confirmatory test for coliforus in water,

Eisenbery (9) studied the action of 115 dyes on various micro-
organisrs and he concluded that the grawm positive organisis are gen-
erally ruch more sensitive to those dyes thon are the gram negative
organisms, MNMany other worlters also roco mnized this fact and several
dye media were devised which showed thig specific sclectivity to a
greater or lesgser extent,

Drief mention of some of these media devised for the isolation
and/or detection of bacteria of tle colon-trphoid group follows,

Conradi (10) in 1¢08 combined picric acid with brilliant ;Teen

in a selective nedium for the ccliforns, Krwweide, Trott and lic-
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Williems (11) also recomnr:ended brilliant green, while Teague and
Clurnian (12) favored eosin ard brilliant green for use in the ico-
lation of S, typheesa from stools.

Loelfler (13) uced malachite green, and Pitter (14) used clina
blue malactite preenagar, Glassner (15) employed china blue meta-
chronie yellow agar. lany other workers used various conbinations
of thece and similar selective dres. l'ost of ticse dres hoever
rroved to be inliibitory lo menters ol the colifnrm croup a2t the con=-
centrations nocescury for ucze,

Dile or it's zalts vere externsively emplored also Lecause of
their marked selectivitr, IacConlzey (16) vsed hile salt arar with
neutral red wile Recter (17) used dried whole bile. It wes found

howvever that the concentrziions necessary for the desired irhihition

of gran positive organisns was sonewhat inhititory to the coliforms

(&)

as well,

Dominil and Lauter (1&) described a methylene Llue-trom crascl
purple corbination to be used as a confirmatory nedium for coliforms
in wator, Hall and Ellefson (19) used rentian viclet in lactose
broth and obtained btetter results than with lactose broth alone., In
subsequent studies (20) these same investigators found tiat increas-
ing anounts of dye gave feuwer false positive rresumptives, tut at
the sane time terded to irhibit meubers of the coliforn group.

4 little orior to this work Dronfferlrciner
organiclis, but not the pran negative ones. lie surr-sted it's pocsi-
ble vee as a differential nediwr constituent,

leur and Harris (Z2) showed a trilliart rrecn bile mediwn to



have marked selecctive properties., This mediun was extensively in-

-

vestigated and modified by various worlkers. (23,24) The final
conclusion regarding this mediua was that 23 brilliant green bile
inhitited somewhat certain aitenuated forms of the coliform bucter-
ia, but at the szme time it is probably slizhtly more efficient in
detecting and differentiating the coliforms from other bactcoria
than is plain lactose broth,

Sclter, 25) in his observations on the rate of growth of

Lo coll found that even at dilutions of one to ore million or

D)

nore, brilliant green and crystal violet inhikbit the growth of E.
coli, He also found that bile salts stimulate the growth of E, coli
in a concentration of 7,5 percert. Advantage was taken of this
finding by Hajna and Perry (26) in the formulotion of their "I,
C." medium,

Recently also other selective media have been investigzated.
Cowls (27) describes the ure of Drene shaiipoo in a modified lac-
tose broth as a poscikle improvement in the test for the coliform
Eroup.

Fawlkner (28) showed that the female hormones diethylstil-
boestrol, hexoestrol, and stilboestrol are much nore selectively
inkibitory for the gram positive than for the gram negative organ-
isms, He showed tre coliforms to grow in concerntrations of 1 to
5,000, while the gram positive orgenisms and some spore formers
were Iidlled in the rance of 1 to 100,000 to 1 to 250,000,

Naoghs'i, Copley, and Couch (29) showed quercetin to be in-
hibitory to certain gam positive orgunisns at concentrations of

075 to .1 milligrams per milliliter, the action being much less

&



on those ' of the gram necative group. The actual tolerance of these
gran negative organisms was not determined however, since the prac-
tical 1imit of solubdlity of quercetin is about .15 millicrams per

milliliter.

Recognition of the fact that many antibiotics show a remarkable
selectivity quite naturally led to their investigation as a possible
constituent of media to be used in the analysis of water.

Rittenberg and Silliker (30) tested three antibiotics againet
several orgunisma. They found that streptomycin had about the sane
effect on the coliform and non-coliform organisms, and eliminated
it as of no possiblec value for the d etection of coliforms.

In testing penicillin however they found that all eoliforms
tested could withstand 50 units per milliliter, while Cl. welchii
and the enterococci were inhitited at 30 wnits. Five of the seven
aerobacillus strains however were unaffected b concentrations up
to 400 units per milliliter.

It was found in the case of

yrothricin that all 45 strains of
coliforms tested withstood 100 micrograns per milliliter. A1l Cl.
welchii and enterococel were inhibited by 30 micrograms per milli-
liter or less, while 4 out of the seven amerobacilli produced gas
with as much ac 50 micrograms per milliliter,

Actual field tests subsequently run proved antibiotics to pos-
sess no particular advantage over the presently used trilliant green
bile broth, It was concluded by these investigators that at least
for the rresent, the use of antihbiotics in water analysis is not

practiecal.

Chapruan (31) discussed the renarkable selectivity of sodiwn



allcyl sulfate (celled Tergitol 7). MHe claims that the only gram neg-

o

ative organisms inhitited by this substance are menbers of the cenus
Proteus.

Stark (32) in 1936 evaluzted the use of forinte ricinoleate
broth for the detection of coliform organisms in milk, Later Fred-

eriq and Levine (33) showed all cultures of I, coli tested as well

as Aerobacter and Citrobacter species would produce acid and gas in

forrnate ricinoleate medium,

Vausiin, Levine, and Smith (34) describe a buffered boric acid
lactose medium for enrichnent and identification of Z. coli.

The 9th edition of Standard Methods (35) includes cr;stal vio-
let lactose broth, formate ricinoleate broth, fuchsin lactose broth,
ard brilliant grecn btile broth as well as eosin methylene tlue agar
and Endo's agar as confirratory media for positive lactose rrecwiptive
tubes in the test for coliform orgauisms in water,

Ruckhoft and Horton (36) found brilliznt gr en bile, cryctal
violet, and formote ricinoleate broths to e less rroductive for
coliforms tran standard lacteose broth.

lallm nn and Darby, (27) in their studies on the mse of laursl
tryptose broth for the detection of the coliform organisms in water,
found that eosin nethylene tluc zrar aud brilliant green bile broth
cannot be used if it is desired to confirm all rositive rresumptive

ubes which contain coliforms. ILvidence to support their staterent
came from the fact that tley were abtle, in 1any cases, to icolate

coliform orgaricns from lauryl tryovtose positive presumptive tubes

U)

leat}

vhich had failed to confirm by the use ol cocin rethylene blue arar

or brilliant green bile broth.



€8

Th

D

failure of tlhese coliforns to confirm on eosin metliylens

blue or brilliant creen bile indicates the probability that these

...

nedia are too inhibitory to certain members of the coliform group
cuch as night be found in narginal and insutficiently treated waters;
tiet is, those wetors whieh mzy cenuein coliforns in rathor gell
mumbers, or possitly coliforms soneuiiat attenuated by age, erpoowre
to cldorination and cthar adverse conditions,

It is recornized that occasional outbrealis of water borne
diseases occur cven today from precwiably tested and verified scofe
cources, This fact also may susgest that perhaps the waters in-
volved in the etiolosyr of such outbreals are of tlils horderline
t:pe, and are missed by the routine media and nethods of confirn-
ation in use today.,

A recosmition of the ahove facts and indications tren seciss
to deem it adviscable to secel a confirnstory medium whica will
effectively inhibit the rreatest provortion of non-coliform lactose
fernenters without in any wey inhibiting meunbers of the coliform
croup.

The purpose of this work then is to survey a nu ber of cone
pounds with the hope of finding one vhich at tlie proper concen-

2

tration will exhibit the desired de~rce of selectivity,



DXFRI AL ILO0CLEDUn D

The experinents conducted in tiis worlk were designed to satisfy
a threefold ot jective

1. (a) To determine the noxinum concentration of cheiical wlhich
would e2llow growth of the colilors.

(b) To determine the ninimm concentration of chemical
wiich wonld effectively inhibit the growth of the gram positive or-
ganisns,

Due to low limits of solubility of some of the ccnpounds tested,
vart (a) above could not te <etermined.

2. To determine the optimun concentration which wewld effeci-
ively inhirit the gran pocitive orranisms without perceptitly inter-
fering with ras produc’ion ty the coliformns, if such an optirnz: con-
centration exists.

3. To deternine the =ctual inhivitory action of concentrations

of the chermicals within the range of diluvtions between meozzimun tol-

erance by the coliforng, and minirmu dose innititory for the gran
positive organisms, as deternined in (2) above. This was done by

using mininal lmovm inocuvla and plating lmowm dilntions ol tie cul-

ture and cetermining growthh curves cover the initial stuces of rroutii,

A typical E. coli culture wis used in trese rrowti curve deteriinatious,

Py

The base mediun uscd in all determinations throushout this work
was one formulated by Dart; and !2llaann (3€). Ther showed that it's
composition and pi rrovides optinur conditions for crowth and -us
production by the coliforms.

The composition of this b -sge mediwa is:

Bacto tryptosc 205

Eacto lactose 0455
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KH,,PC4 CuR73.5
~
K0, D275,
I'all1 D50
The pli of this mediwn without adjustient is 6.8, This 7l was
shoun by Darby ard Mallnann to be optinuw. for the early crowth plases

of the cclifcims,

The wroccedure for deterninine the mozdxut concentration of clhien=
ical tolerated by the various orguinisiis tested involved the preparation
of 10 rdlliliter portions of neodium contalning veorious dilutions of the
chemical, These tubes, after sterilinztion in the autoclave at 121° ¢
for 15 minutes, were sc2ded with a 4 millimcler loopful of a vijorously
croving 24 rour culiurc of tihe organism being tected., Growts was deter-
mined alter 24 hours by observing for vicual twrbidity of the nediwm,
Incubation te.pecratire was 350 C. in each cacse.

Once the arrroxiiiate tolerance cf the orcanisme to the cherdeal was
obtained in the ranrer described above, ferrentation tubes were nrepared
containing concentrations of the chiemical euhracing the ran-~c from mazdi-
mun tolerance of tie coliforms to rinimum concentration inhibitory to the

rrann positives, These tuhes then were also seaded with 4

1limeter locn-

fuls of 2/ howr cuwliures of scveral ctrains of L., coli, A. arrosencg,and

intermedizte coliforms., Observation of anowmnt of zas rroduced in thece
various concentrations, and comparison with gfas producticn by the sane
orcarisms in the contrcl tubes containing only barce mediwuwn, estzbliches
the hichest concentration of the chanical wiich azrarently would not ine-
hibkit cas production when obscrved at 12 and 2/ hours,

The laboratory cultures of coliforms in thils study will larcely

be referred to Ly nuaber,
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The following is a brief description of those cultures,

Culture number

1,

Organisn

E.

in]

e

coli
coli
coli
coli
coli
coli
coli
coll
coli
aerorenes
freundii
coli
coli
coli
coli
coli
coli

coli

interrediate

A, aerogenes

intermediate

intermediate

A, aerogenes

A, aerogenes

A. aerogenes

Source

water

water

man

cow rumen
cow feces
COW rumen
man

orange juice

wauver

water

orange juice
nan(atypical)
cow feces
wvater

water

vater

water

water

water

water

water

wvater

water

IIViC formula

A==
.
£ A -
£ -
A= -
£ -
£ f- -
A= -
A==
Ry,
- f-
£ A -
/4 -
£ f-
-
/i -
A= -
Fh--
FhA -
.
Fh -
VR
- fA
Sy,
Ry,
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The chemical compounds tested in this worlk are:

Potassium ferrocyanide Baler's C.P,

Potassium ferricyanide Eimer and Amend C.P.
Potassium cyanate Daker's C.r.

Potassium arsenate Laker's primary crystals C,P,
Potassium arsenite Laker's C.P,

Ethyl Purple (ZBthyl Violet) Ilarleco-lartman Loddon Co,

Hexaethyl triamino itriphenyl methiane  Fhiladelphia, Pa,

K=7643 (2,2 Methylenre bis-4-chloro-isopropyl phenol) from
Dow Chewical Co., lMidland, Michigan,

The experimental results obtained with each of the atove com-
pounds and a dicscussion of these results will be talzen up in order

in the folloiing section,
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g ey ~api Lt Ty FAQ A T s Tre e T AT (e T e Tm ey acTra Ve
S TRII AL RLSTUTTe GDTLIIT0 WOt FOLASC AU Faal 0T AL DY Taker's C.P.

Teble I

Fal

Irfluence of Fotassiym Ferrocanide on the Growbtn of Joveral
-~ el

Oreonisns.  (Observed after 2/ hours incubation ot 35° C.)

Concartration

Culture Control 1-25 1-50 1-109

10, A. aororencs

11, Z. frewndii

12, D. coli

~
N N N N

L U N
™
NN N NN

Ztarh, auvreus

£ indicates visible growth,
- indicates no visible -rowtl,
sl. sli ht growth,

The ahove talble of results stows tl:at Stash, aurens is inhinited

by dilutions as hich as 1-50, E, subtilis being more resistent, showing

slight growth even at a concentration of 1-25,

The three coliforms tcsted here shoued rrouth even at the 1-05

=

dilution., To be of any use for the selection of coliforms, :;otassiun

ferroc;anide must be used in a concentration hicher than 1-25,
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Table I1

Influence of 1-25 Dilution of Potarsium Ferroc;anide on Gas
Production by Several Coliform Organisms in 24 llours at 35° C,

Culture Control 1-25
1. 5, coli T0% 0 #£
2. E. coli 75 0 £
4o E. coli 60 0 £
5. E. coli 70 0 £
17, E. coli 45 0 £
32. A. aerogrenes 65 0 sl.
12, E. coli 55 5
B. subtilis * £ sl.
Starh., aureus / -

# indicates growth.

- indicates no growth.

sl. indicates slight growth.

¥ denotes vercent of gas produced in Durham fermentation tubes.

The above data indicate that potassiwn ferrocyanide at concen-
trations sufficient to effectively inhibit the growth of B; subtilis

and Stant . aureus also is irhibitory to the production of gas by

members of the coliform group., Conseguently it would probabl: not be

of use as a selective agent for the detection of the coliform group.
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EXPTRIIDUTAL (ISULTS UITH -CTACSIU! FLRRICYAIIDE, (Einer and Arend CLP.)
Table III
The Influcnce of Two Concentrations of Fotassiu: Ferricyanide

on the Growth of Several Organisis,
Concentrations

Culture Control 1-50 1-100

17, A. aerccenes
11. E. freundii

12, E, coli

N KN KN N

B, subtilis

N N N N N
N N N N N

Staph. aureus

7 indicates growth.
- indicates no growth,

From the alove table it is evident that concentxations in
excess of 1-50 nust be used to effectively inhibit E. subtilis.
Therefore, to be of use as a selective agent for detection of

coliforns, a concentration of more than 1-50 is necessary.,
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Table IV

Effect of 1-50 Potassium Ferricyanide on Gas Production by
Various Coliform Organisms.

Cultu;e Control 1-50
1. E, coli 70% 0 sl.
2. E. coli 75 0 sl.
Le E. coli 60 0 sl.
5. Eo coli 70 -
17, E. coli L5 -
33. A. aerogenes 65 ‘ 0 sl.
B. subtilis # | -
Staph. aureus £ -

* indicates percent gas |roduced.

# tndicates growth.

= indicates no growth.

sl. indicates slight growth,

It may be concluded from the results obtained thet potassium
ferricyanide is inhibitory to growth and gas production by the

nembers of the coliform group at concentrations necessary to effect-

ively inhibit growth of the two gram positive organisns tested.
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FXP.RINELTAL RESULTS OBTAIImD WITH POTASSIUN CYANATE., (Baker's C.P.)
Table V

Influeice of Potassium Cyanate on Growth of Several Organisns.

Culture Control 1-25 1-50 1-100

10._A. aerorencs /

e ——————

11. E. freundii

=

12, E, coli

N N KN XN

13, Serratia marcescens

N N N N KN

1. B. subtilis

N N NN KN
N N N KN NN

15 ° StaEh._w

The data in the table above show that concentrations of more than

1-50 are required to effectively inhibit B. subtilis, while Stapl . awreus

is inhibited by that concentration.
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Table VI

Influence of 1-50 Potassium Cyanate on Gas Production by Several
Coliform Strains.

Culture Control 1-50
Lo Eo coli 60% 5
5. . coli 70 4
6. E. coli 80 04
10. A. aeropenes 60 -
13, E. coli 70 0 #
15. E. coli 60 5
17. E. coli 70 7

¥ indicates percent of gas rroduced.

£ indicates growthi

- indicates no growth,

Since marked inhibition of gas -roduction and growth by the coli-
forms is evident from the above data, it is unlikely that potassiunm

cy7anate would be of use in a selective medium for the dctection of coli-

forus.
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EXPYRI:GUTAL RESULTS OBTAIILD WITH FOTASCIUM ARSLENATE,
(Baker's primary crystals C.P.)
Table VII
Influence of Two Dilutions of Potassium Arsenate on the Growth

of Several Crganismsg.
Concentration

Culture Control 1-50 1-100

10, A. aerogenes

11, E. freundii

N N N

12, E. coli

N N N N N
N N N N N

Staph, aureus

/ indicates growth,
- indicates no -rowth,

The above table shows that potassium arsenate at 1-50 dilution
inhibits growth of the two gram positive organisms tested, while at

thie same dilution the three coliforns were able to row.
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Table VIII

The Influence of 1-50 Potascium Arscnate on Gas Froduction bty
Several licmbers of the Coliform Group.

Culture Control 1-50
1., E. coli T70% 25
2. E. coli 70 0 £
e Eo coli 60 -
5. E. coli €5 n /
12, E. coli 55 5
17. £, coli 50 0 #£
33. A. acrogeres 65 5
B. subtilis £ -
Staph. aureus £ -
#* jindicates perccnt of gas production,
£ indicates growth.
- irndicates no growtih.

It becomes obvious by examinction of the above data that potassium
arsenate in concentration nccessary to inhibit the gram positive organ-
isns tested also inhibits the gas production and growth by the coliforms.

For that reason then it would not be satisfactory as a selective nedium

for the detection of the coliformse.
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ENEARII I oS ULTS ORTALILD WITY ~CmateIUl ARSSIITS
(Baker's C.P.)
Table IX
Effect of Varinus Concentrations of Potassiun Arsenite on the

Growth of Several Organisms,
Concentration

Culture Control 1-2000 1-4000 1-20000

10, A. aerogenes
11, E, freundii

12, E. coli

N KN N
N N N N

L. subtilis

N N N XN N
N N N N N

Staph. aureus

£ indicates growth,

- indicates no growth.

sl. indicates slicht growth.

The above results indicate that concentrations in excess of

1-4000 are necessary to inhibit growth of Staph. aureus and E. subtilis.
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Table X

Influence of Various Concentrations of Potassium Arsenite on the

Production of Gas by Several Coliform Strains.

Concentration

Culture Control 1-1000 1-2000 1-3000  1-4000

1, E. col 30% 5 55 40 55

2. Do cold 75 0 £ 0 £ 0 £ 0 £
4o E. coli 55 0 £ 0 £ 0sl. 0=l

5. E. coli 40 0 £ 0 £ 0 £ 7
17. B, coli 0 0 sl. 04 0 5
33. A. aerogenes 65 0 # 5 20 35
Ser., marcesce:s £ sl. sl. £ £
D. subtilis - sl, £ #
Staph. aureus £ - sl. sl. al,

¥ indicates percent of ras produced.
# indicates growth,

- indicates no growth.

sl. indicates slight growth.

The above resulis show a varying degree of inhibition of growth

and gas vproduction of several coliforiis at the concentration necessary

to effectively inhibit growth of Staph. cureus and B, subtilis., For that

reason it seems unlikely that potassium arsenite would be of use as a

constituent.in a medium selective for tlie coliforms.
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BXPLRIIEITAL FOSULLL OFLATLLD WD WL TULILL.,  (Sthyl Violet)

r

The results siown in table XI arree with the findincs of Darby

[&1

(39)., He also found that ethyl purple is irhibitory to the gran

positive organisms at very h¢"q dilutions, and that members of the

coliform group are able to grow in relatively higlh concentrations of
he dye.

The data given here also show that L, coli is anparenily nore

susceptible to the inhibitory rroverties of ethyl purple than is

elther A, geroscres or Z. {rcundii,

The next step in the investisation of the effects of ethiyl purple
on ti:e coliform organisms is tihe deterrdination of the influence of
various concentrations of the dye on gas procuction by this group.

The method emplored, involved tiic preparction of Durhan ferrien-—
tation tubes containing progressively greater concentrations of etlyl
purple in the base nediwi. Inoculations wecre then made into these
tubes using a 4 millineter loopiul of 74 hour ciltures of colifor:s
obttained from various sowrces. Gas production wzs recorded as wercent
of gos in the fernentation inserts, rcadincs being ncde at 12 axd 24

{5

lours and corpared with control tubes similarly inoculated, but con-
tcining only the base medium,

It is evident freon the results shown on toble XII that ethyl
purple in 1-00,00C concentration in some way inhibits tihe production
of gas by coliform bacteria., This is especially aoparent aftor 12
hours incubation, where indced, /4 of the cultures even failed to chow
growth, The fact t.at rany of those cultures uhich showed less gos

than the controls at tie 12 howr intorval actually showed conaralle

percent of gas in 24 hours, indicates tiat tlie ethyl purrle na;- act
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Table ZII

The Iffect of 1-30,000 Etnyl Purpvle on Ges Production by
Several Coliforn Strains,

Control 1-80,770

Culture 12 hrs, 2/, hrs. - 12 hr's,

1. Z. coli €O c0 60 co
2., 5. coli 20 GO 5 50
3. E. coli 60 75 20 on
4Le . coli 62 60 10 20
5. Z. coli 60 75 - 7
6. E. coli 50 75 o AL o0
7. E. coli 50 %0 10 60
Ce Eo coli 40 75 5 60
9. E. coli 60 75 7 82
11. 2. freundii 20 &5 20 C0
13. E. coli 65 co - -
1/, Z. coli L5 60 45 75
15. Z. coli 60 S0 - 20
16, %, coli 60 50 L0 cQ
17, E. coli 60 ) - L0
19. E. coli 30 50 7 75

¥ indicates
# irdicates growth,
- incicates no grcwth,

wercent of gas produced,
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by inhibitine or slowinrg down gcrowtl or divicion of tle cells ratier
than sctuclly supressine the gas Jorming nechanisn proper.
Of the sixztecn strains of coliforns crowm in 1- 0,020 etipl

ourple, seve: strai:s showed rath.r narzed imhin
strains were secded into two hi-rher dilution: of cll 1l rwple, 1-120,0570C
and 1-333,0%", Gas roduction was rec-rded cftor 12 and 24 hours in-

cubation at 35%, as beforec.

Table JIII

The Effect of Two Concentrations of Ethyl Purple on Gas rroduction
b;- Seven liore Sensitive Colilorn: Straiis.

Control 1-199,70" 1-373,7710
Culture 12 hrs. 2 hrs. 12 hrs. 2/ Irs. 12 trs, </ nrs.

Le B, coli 20 L5 0 f 10 25 6o

5¢ Soocoli 2 55 5 55 20 57
6. E. coll /5 60 25 75 55 75
7. 5. coll 55 &0 25 55 60 25
13. 2. ¢ 1i 40 5 0 10 35
15, B, coli 50 &0 5 55 40 0
17, 3. coli 55 S0 5 %) 50 c

néicates rrowih.
n’icatcs rercent of gas procuced,

{i

e p.

Ty the results of tie above table, it is s own that ethyl purgle
in a dilution of 1-100,0C00 still inhibitc gas vroduction by the coli-
Torms to apprordately the saie extent as 1-80,000, Iowever, at 1-323,000,

sas croduction is comparable at both 12 and 4 hours to that rroduced in

the corresponding control tubes,
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Ethyl purple demonstrated a remarkable selective actlon egainst
the gran positive bacteria tested., Also at thie rrover concentration,
ethyl purple has practically no denoustrable tordcity to the coliforns,
ard for that reacon it mar be valuable as a selective agent in a nedi-
w1 for the drtection of coliforuis in water,

..

Revis (40) in 1911 in his worl: with malacitite precn, found iiat
most coliforn straiiis are inhi' ited by conceuntrations of the dye as
low as .03 percent. e also found thet on scrial transplant in this

<4

dye, colifornm strains lost all nower to produce gas even wien re-
inoculated into ordinary redia containing no dye. These strzins how-
ever would show vigorous growtl: without producing gas, This production
of perranently atypical coliforms may be due to an actusl alteration

of the cells netabolisn by the dyc, or by a ccleciive process in which
the non gos producers are favored,

Since ethyl rurnle (Temaethyl triamino triphenyl methane) lilte
nmalachite green, is a trirzhenyl dye, it was thousl.t that possibly this
saile gas supressing phenomenon could be denonstrated by it's use. The
procecdure employed in this experiment was much the samne as that uscd
by Revis. Two coliforn strains (2. coli 1 ard 2) were serially trans—
ferred each day in tubes of base ned’un containing 1-80,000 ethyl pur-
ple. This dilution had previously shoim roie inhibition to certain

coliforn strains, among wiich was E. coli 2, At the bime of this writ-

ing these cultwures have undergone 32 transfers, and still continue to
produce abundant gas when re-trausferred to base nedium containing no

dye.
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CHPARTITUTAL ResULTs CETAIILD WITH
242V STHYLEI EBIS=4~CELOR 0~6-L3 OFTLOPYLFI L2 OL (X=7043)
This substance was obtained by courtesy of the Dow Cherdcal Cor-

pany of !idland, lichigon. The manufacturers state that X-7643 has a

phenol coefficient against Starh., aurcus of about 370, and against S.

t.-vhosa of from 1-10, They did not indicate how tl:ese coefficients
vere obtained, but it should be noted that K-7643 is not soluble in
water to any aprreciable extent under ordinary conditions.

In my attenpts to render K-7643 soluble, several facts were ob-
served. The substance is soluble in alcohol, glycerin, strong inor-
canic bases and distilled water vhen heated to boiling. Ilowever, none
of the solutions ottained by these necthods were satisfactory here, be-
cause as soon as the alcoholic solution was rlaced in an agueous nediwm
it precinitated out in the form of an amorphous, gu.my substance., A
sirdilar reaction is obtained vhen the basic solution is brow~ht near
tiie neutral point, or wiien the hot solution cools to incubator ternverature.

ilo true solution has thus far been oblained, but a rather stable,
rilly suspension was accom lished by the following means: 0.1 granm of
solid K~7643 was dissoived in the snallest anount of ethyl alcohol nec-
essary to render it soluble, Then 0,5 nilliliters of Twern 80 (Atlas
Products Company) was ad ed and thorougl:ly shaken to produce an erulsion.
This emulsion then was diluted to 100 milliliters, well shaler, stopnvered
and kept as a 1-1,000 stock erulsion.,

Prelininary tests with this substance showed that K-7643 does ex=
hibit considerable selective action against the gram positive organisms
tested, while allowing the gram negative organisms to grow in the hi-hest

concentration used,
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The Effect of Various Concentrations of K-7643 on the Growth
of Several Organisms,

Table XIV
Concentration

Culture Control 1-10T 1-100T 1-500T 1-1M

1, E, coli £ £ £ i £
B. subtilis £ - - - -

Staph.Aureus / - - - -

# indicates growth,
= indicates no growth,

Also at dilutions of 1-2, 1-4il and 1-51i, the tubes did nol become

turbid ~ith E, subtilis and Staph. aureus, but minute, granular growth

showing bizarre forms under the microscope precipitated to the bottous,

To determine the effect of two dilutions of X-7(43 on gas :ro-
duction by various "typical'and intermediate coliform strrins, fernen=-
tation tubes containing l-lb0,000 and 1-400,000 K-7643 in the base med-
iun were prepared and inoculated with a 4 millimeter loopful of the
organisms being tested. Observations were nmade ard recorded after 12,
2/, and 36 hours incubation at 35° C.

Fron the results shown on Table XV, it appears that K-7643 in
either dilution tested has no inhi*itory effect on gas vproduction by
the various coliforms as compared with the amount of gas produced in
the control tubes. Both these dilutions however did effectively in-

hibit the growth of both B. subtilis and Staph. aureus.

Further investigations on the influence of various concentrations
of K~7643 on a strain of E. coli (No. 1) involved the uore precise
technique of seeding with minimal inocula, 100 milliliter portions of

base mediun containing the various concentrations of X-7643. After
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0, 2, 4, and 6 hours incubation at 35° C., nutrient agar pour plates
were seeded with measured volumes from the previously inoculated
flasks of media. The plates were incubated for 24 hours at 359 cC,

and the colonies found to have developed were counted., Fron the lknown
dilutions used for seeding the plates, the numbers of viable cells per
nilliliter were calculated for each concentration of K-7643, and for
each time interval,

Fron the results obtained and recorded in Table XVI, it is cvi-
dent that multiplication occurred at a comparable rate in all concen-
trations of K-=76/43 tested, This rate was also comparable to that of
the control.

It may te concluded from this set of data trat K-7¢43 shows no

appreciable inhibition of growth of Z. coli at the concentrations

tested, and the ovrevious data show it to be markedly inhibitory to
the gran positive organisns tested with these and greater dilutions.
Therefore K-7¢43 shows considerable prorise and should be further in-

vestigated as a possible selective mediun for coliform organisnis.
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Table XVI

Comparison of Growth of E, coli (Ilo. 1) in Various Concentrationus of
K-7643, with Growti> in the Base liedium Alone,

Incubation Period

Concentration 0 hr, 2 hrs., 4 hrs, 6 hrs,
1-100T 33% €7 1S50 138,400
1-400T 25 60 1855 140,400
1-600T 34 56 1816 138,400
1-11 30 52 1949 107,970
Control 27 47 2317 113,700

* Nunber of organisms per milliliter,
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Comrarison of Results Obtained With 2 Percent Prilliant CGreen Iile,
1-333,000 Ethyl Purple, and 1-100,000 K-7043 on Chlorinated Sevage
E-fluent,

The follouing discussion involves information gained during
the course of work concorned with determindng the most efficient
net! ods of effectivcly chlorinating sewage effluent at the lluskegon,
Michigan Sewage Treatment Flant.

In this work lactose broth was used as the presumptive medium,
end 2 percent trilliant green bile broth as tle confirmatory medium
for the detection of coliform organisms at various poirts in the
treatnent process,

It was noticed, especially in samples fron chlorinated final
effluent, that many lactose positive tubes failed to confirm in
brilliant green bile broth. Microscopic examination of the contents
of these tubes usually revealed the presence of gram variable to
gran negative large spore-forming rods, with occasional gram posi-
tive cocecl and also usually many gram nerative, non sporing short
rods.

Limited studies were made of 236 positive lactose tubes wiich
failed to confirm on brilliant green bile brotk, Tests using 1-107,000
K-7643, and 1-333,000 ethyl purple fermentation tubes respectively were
run in parallel with brilliant green bile and observed in 24 and 42
hours, Of the 236 tubes which did not confirm with brilliant green
bile, 18 confirmed with 1-100,000 K-7643, and 17 confirmed with 1-333,
020 ethyl purple, It was possible to isolate, by strea’din~ on solid
nutrient agar, gram negative, non sporinz, lactose frrmenting, short
rods from eaclh: of the itubes which had shown gas in either etiyl purple

or K-7843 media. These data then indicate that of the 226 positive
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lactose tubes witich had failed to confirm on brilliant green bile,
at least seven percent actually did contain coliforms. The tril-
liant green bile apparently was inhibitory to their development or
their gas productilon.,

It was further noticed that among the brilliant grecn bile
positive tubes, there would frequently be produced a marked dis-
coloration or yellowing of the medium, Two 4 millireter loopfulls
fron 84 such discolored tubes were planted into tubes of ethyl purple

and K-7643 broths, and the results obtained compared and rresented

in table XVII bclow,

Table XVII

Brilliant Green 1-323,000 1-100,000
Pile Discolored Ethyl Purple K-76.3

*

8Lt 654 10- 634 21~

¥ number of tubes.
# indicates presence of ras.
- indicates no gas,

Microscopic examination of the contents of *re brilliant green
bile tubes which failcd to produce gas when transferred to ®thyl pur-
ple and K-7643 broths alvays revealed the rresence of gram positive
spore forming rods, often associated with shorter gram negative rods.
It was thought that possibly the gran negative rods were coliforms
responsible for gas production in the brilliant green hile, the gram
pocitive spore forners merely being responsible for the discoloration,

To check this possihility, tryrtose agar plates wcre streaxed
from thiose brilliant green bile tubes which did not rroduce gas in

K-7C43 or ethyl purple media, The colonies wlich develored were picked
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and placed in lactoce ircih fernentation tubes., Althourh abundant
erowth took rloce in these tubes, in no case was fas rroduced in tie
inserts., These organisns vere cran nerative short rods usunlly, with

occasional aberrant filanenitous forms predorinating, Failure to is-

olate the cran positive rods vas prouably due to the fact thot cilreal
plates were used, and since these ¢rai positive rods did not develon,

they were probably anaerobic forms. Lack of suitcble anaerohic equip-
nent nade it imneceible to isolate and furilicr study these orponimnms,
It arpears houcver t.at there are orsanisns, or a cymer:sigtic
counination c¢f orgzcnisms uvhich may rodvee fas in brilliant green
bile while nct beloncing € the coliform sroup.
Twenty of tue Giscolored tuhes wich also nroduced ras in efiyl

purple and K-=76/.3 media ucre strealed on trroiose arpar. Several ccl-

onies witich developed were niciied znd sceded into l-ctoce fernentition

'Jc

tubes., In every casc it was vnosrible to isolate sram nerative, non

sporing, lactose ferrenting rods, althoush in three cases from 4=76.3,

4

and in two cases from eti:vl vurrle 1edic, pcewliar sram nesative din-

theroid forns were rresent, and apparently reszonsihle for the —as

.

DT‘O(N‘C cl0N.

t i

21
!

realized t

H

6]

at no broad, general conclusions can be safcly
dravm from the limited ohservations mode to date, but t!:e inforriation

arle sonrce indicates that 1-337,000

1o

wiich is available from this s
ethrl purple broth, and 1-100,000 K=7/43 broth exiiibit connarable sel-
ectivity for the coliform orpanisms, and e»near to elininnte to as

'yet on unknom extent, fals2 vositive tests which are obtained with bri
liant green hile hroth, 4lco thesc tun selective arenic anrewr Lo Wlou

the zrowll »f corteuin coliforms wiich, dAn~ to  thelr attenvated
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or naturally sensitive condition cannot initiate growtil. or gas .ro-
duction in brilliant greon tdle,

Turther studies with these celective arents siou’d be under-
talzen in vario—s localities, and under 2ll practical couditions to
deverrine if ther actvally do continue to show more accurate results

than the presently used confirmatory media,
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