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AN ABSTBRACT JOHN J. PANES

A study was undertaken of two medlia recently proposed
for use, in conjunction with the membrane filter technique,
for the estimation of the coliform bacteria in water supplies.

~The first, developed by McCarthy, was found to be
inadequate for use with natural, untreated waters. Experi-
mental work was done in an attempt to render it more suitable,
but no improvement could be made, and it was concluded that
the basic formula was not suitable for further development.

The second; recently available commercially, and known
as M-Endo broth M.F., gave coliform determinations at 37°C
approximating very closely the estimates obtalned by the con-
ventional S-tube decimal dilution procedure., Not all of the
organisms which grow upon this medium are coliform, and it
1s considered that the ecology, distribution, and sanitary
significance of the non-coliform flora must be established
before the medium can be accepted for:routine use,

A direct method, using this medium with the membrane

filter technique, for the estimation of Escherichia coli in

water supplies was also attempted. The results obtained were
not satisfactory, in that in a number of instances, samples
known to contain E.coll gave negative results, and organisms
other than E.coll were included in the counts obtalned.
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The opportunity was taken to compare lauryl tryptose
broth with MacConkey's medium in the standard 5-tube decimal
dilution procedure for the estimation of the coliform density
of water supplies. Both media gave essentially similar re-

sults, although the addition of a pH indicator to the lauryl
tryptose broth 1s recommended.
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INTRODUCTION

During the past five years membrane filter techniques for

the quantitative estimation of the coliform group of organ-
isms in water have been developed. A satisfactory flltering
procedure has by now been well established and sultable appa-
ratus and filter material are commercially available,

The difficulty has been, and still is, in the formu-
lation of a suitable medium upon which to place the inocula-
ted membranes for the growth and enumeration of the coliform
group of organisms. It is a simple matter to grow organisms
of this group, but due to the limited surface area available
it becomes necessary to suppress the growth of the rest of
the water flora to prevent the coliform organisms, especlally
if present in small numbers, from being overgrown and inhib-
ited. 1t i1s also necessary to color the colonies in some way
to render them visible against the white surface of the fil-
ter. Black-colored filtering material is now avallable, but
upon autoclaving it becomes excessively brittle and difficult
to handle. Exposure to ethylene oxide vapor or to ultra-
violet 1ight may be used satisfactorily, but these operations
are somewhat cumbersome and are not suitable for routine use,
The dyes and stains used have been such that the colonies are
colored and those of the coliform organisms differentiated on

1
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a color basis from those of other organisms capable of grow-
ing upon the medium used,

Gas production from lactose is used in the various
tube-dilution methods as one of the criterla upon which the
recognition of the coliform group of organisms is based, and
indeed, by definition, the ability to produce gas from lac-
tose 1s one of the most important diagnostic characteristics
of the group. Since there is no possibility of being able
to assess gas production from coliform organisms growing up-
on the filter surface, other distinguishing properties must
be utilized in their differentiation. The recognition of
coliform organlisms when grown upon sclid media has been
carried out for many years, generally by one of three
methods:

l. The production of colonies of characteristic
appearance upon a medium containing eosin and
methylene blue,

2. By the use of a pH indicator in the medium which
contains lactose, enabling those organlisms which
produce acid from thls sugar to be recognized.

3. The production of colonies of characteristic
appearance upon a medium containing basic fuchsin
and sodium sulphite.

All three of these systems of differentiation have

been utilized in the medila developed for use with the mem-

brane filter and will be discussed further.



PART I
THE USE OF EOSIN AND METHYLENE BLUE
Review of the Literature

Eosin-methylene-blue agar was developed by Levine in
1918 (19) from a formulation by Holt-Harris and Teague (12)
who used it as a plating medium following enrichment for the
isolation of enteric pathogens. The medium was incorporated
into the 1923 edition of Standard Methods (38) and remains
the s0lid medium most widely used for the isolation of coli-
form organisms. Descriptions of coliform colonies as they
appear on this medium are given by Levine (20) and by Howard
and Thompson (13). The composition of the medium is as
follows:™

Bacto-peptone . . . .

. Lactose . « « ¢« . o .
Dipotassium phosphate
Agar . ¢ ¢ o o o o

Eosin ¥ . . ¢« « ¢« « &
Methylene blue ., ., .

1.0
1.0
0.2
1.5
0.0
0.0

OQUQ(N(N

u
. 065 g
Adjust pH to 7.1
The mode of action of E.M.B. agar is considered by
Wynne et al. (51) to depend upon two factors: the formation

by eosin and methylene blue of a methylene blue eosinate,

'Ingredients per 100 ml.
3



4
made up of one molecule of each of the dyes, which acts as
an acidic dye, and the production by the bacteria of a low
pH which enables the cells of the colony to tage up the
acidic dye. Colonies of bacteria which do not ferment lac-
tose are colorless because their célls, in the alkaline en-
vironment maintained by them, do not take up the stain.,
Levine (21) has shown that a sugar-free base is necessary in
the preparation of the medium if differentiation of coliform
types 1s required because the addition of fermentable carbo-
hydrate causes all coliform colonies to take on a metallic
sheen,

Prescott gg_g;. (32) have reviewed the literature
concerning the specificity of this medium., Identification
of colonies is subject to an error, usually less than 10%,
and which 1s on the safe side, false positive reactloné be-
ing encountered with a much greater frequency than false
negatives, Standard Methods (39) in accepting confirmatory
identification purely by the appearance of colonies typical

of Escherichia coli recognizes the accuracy of the medium in

this respect. On the other hand, in requiring the complete
ldentification of two or more colonies most likely to be
coliform if typical E.coll are not present, the inability of
the medium to indicate with satisfactory accuracy the pres-
ence of coliform organisms other than E,coll 1s recognized.
It should be noted that apart from the dyes used no

other inhititory agents are present, but even so, Mallmann



5
and Darby (23) have suggested that the medium may not support
the growth of all coliform strains.

Attempts have been made to utilize this type of medium
in conjJunction with the membrane filter procedure for the
enumeration of coliform organisms in water. In 1952, the
U.S.P.H.S. Environmental Health Center, (E.H.C.) (47) pub-
lished details of the preparation of a medium having the
following composition:®

Peptone (Albimi M) .

Yeast autolysate . . : :
Dipotassium hydrogen phos

Sodium chloride . . .
Bacto-blle salts no. 3
Lactose . ¢« ¢ ¢ o o &
Methylene blue . . . .
EosinY .. .. . . .

e o o o o e o
oo-oogo-
(24
e o o o o Me o
e o o o o 6 o o
e O e o o o o o
e @ o o o o o o
e e o o o ¢ o o

OCONOOOOF
L

WM OKFWBNRIMNO
(1]
L]

Bile Salts are included in order to inhibit non-
coliform organisms, and a 2-hour preliminary enrichment of
the cells obtained by pre-incubating the membranes hpon pads
soaked in lactose broth is recommended before transfer to
the differential medium. In addition, the filter material
used must be dyed with methylene blue before filtration of
the sample takes place. Even so, coliform colonies do not
show their characteristic appearance, apparently due to the
fact that the methylene-blue-eosinate complex cannot diffuse
through the pores in the filter material (17). A similar
formulation, with the exceptién that the concentration of

bile salts is doubled, is given in the Technical Bulletin (41).

*Ingredients per 100 ml.
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Neither has received much attention due, no doubt, to the
atyplcal appearance of the colonies and the extra manipula-

tion lnvolved in the dying of the filter material.

— a4



PABT II
THE USE OF pH INDICATORS
Review of the Literature

These have been incorporated into liquid broths and
s0lild plating media used for the recognition of coliform
organisms ever since the beginnings of water bacteriology.
The vYtroth developed by MaoConkey (22) 1is still used in
.Britain for the enumeration of coliform organisms in water,
and the same medium solidified with agar has been of value
ln the isolation and differentiation of coliforms and enteric
Pathogens. Lactose is provided as a source of fermentable
cArbohydrate and the presence of organisms fermenting this
SUgar is recognized by the change of color in the medium due
to tne production of acid. In the case of MacConkey broth,
Inverted Durham fermentation vials are used to detect gas
Production. Until fairly recently, the indicator employed
Was neutral red, but this has now been largely replaced by
bt‘Om-cresol-purple which gives a sharper color change and

hag been shown to be less toxic, especially to the strepto-
Coce1 (1).
Taylor (42), and Taylor et al. (43) have utilized a
triple-strength MacConkey broth containing twelve times the
7
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normal amount of brom-cresol-purple in conjunction with the
membrane filter technique for the enumeration of coliform
organisms in water. Later these authors (44) reported further
progress in the study. Using the membrane filter procedure
they compared this medium, which requires no enrichment, and
the EHC modified Endo medium described later with a 5-tube
di1lution technique in which primary incubation was at 42°C,
In both cases the two membrane filter media gave higher
counts but, as the authors point out, the high incubation
temperature of the dilution procedure used may well have
Prevented the growth of some coliform organisms,

Goetz and Tsuneishi (9) have described the use of a
modified Gassner (8) medium for the same purpose, The for-
mula contains lactose as a source of fermentable carbohydrate
and, with the exception of the peptone present, contains no
buffer., Two dyes are used: a pH indicator, ink blue, which
18 blue in acid; and a yellow dye, fast mordant yellow, which
Partially inhibits cocci and spore-formers, but does not af-
Tect the development of salmonellae and coliform organisms.
Pre-treatment of the filter material with the yellow dye is
Necessary. The acidity produced by the fermentation of the
lactose stains the colonies and their immediate environment
blue, while other colonies appear greenish-yellow in color.
The addition of an oxidation-reduction indicator is recom-
mended to distingulish the slow from the rapid lactose fer-

menters, since the latter will turn blue before the redox
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potential has dropped low enough to give the colonies a red
color., On the other hand, the slow lactose fermenters will
turn red and will not develop the blue color appreciably.
No results obtained with this medium are given, and it does
not appear to have been used subsequently by other workers,

HcCérthy (26), realizing the toxicity of the modified
tyre of Endo medium described later, formulated a MacConkey
type of medium for use with the membrane filter procedure in
the enumeration of coliform organisms in water. The selec-
tive action depends upon the use of bile salts and a low
concentration of ethyl violet, and the recognition of lac-
tose fermenters is facilitated by the inclusion of a pH indi-
cator brom-cresol-purple. Methylene blue is included to
Color the filter material in order to provide a background
against which colonies can be seen more easily. After 14
hours incubation at 35°C in an atmosphere saturated with
water vapor, coliform colonies are colofed yellow or pinkish-
Yellow and those of non-ccliform organisms blue. The formula

1s given below:™

BactO"tryptose [ ) . [} [ ) ) 105 go
Sodium chloride . . . . . 0.5 g.
mctose L] [ ] L] L] [ ] [ ] [ ] [ ] [ ] 100 g.
Bacto-bile salts . ¢« ¢« ¢ o 005 o
Brom-cresol-purple . . . . 0.15 ge
Methylene blue . . . . « « 0.001 g
Ethyl violet . . . . . . . 0.00175 g.

With both samples of well and river water counts were

obtained which were higher than those on the EHC modified

'Ingredients per 100 ml., medium
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Endo medium and which approximated those calculated from the
standard 5-tube dllution procedure with subsequent confirma-
tion of positive tubes in 2% brilliant green bile broth. In
the case of the river and highly polluted well waters, how-
ever, there was often a spreading overgrowth of the filter
surface due to the presence of non-coliform organisms, and
the medium could not be regarded as satisfactory for the

examination of natural raw water suppliles.

Experimental and Discussion

It seemed probable that some improvement could be
made in the medium, and a good deal of time was spent 1in an
attempt to render this medium more satisfactory. Bacto-bile
sal ts no. 3 were employed in lieu of the ordinary prepara-
tion: and a range of concentrations tested to determine the
oPt Aimal amount required. In addition, the effect of bril-
liant green and sodium lauryl sulphate was determined over
8 wide range of concentration for each material both singly
8nd in combination with each other and the bile salts. This
“as accomplished by inoculating a number of membranes with a
POl1]luted water known to contain both E.coli and Aerobacter
\aet‘ogenes according to the filtering procedure presented in
Standard Methods (39). The equipment and filter material

Were obtained from the Millipore Filter Corporation.” A

—

*Watertown, Mass.
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basal medium containing the tryptose, sodium chloride, brom-
cresol-purple, and methylene blue was prepared in concentra-
ted form. Solutions of suitable strength of lactose, ethyl
violet, brilliant green, and the bile salts no. 3 were pre-
pared and all were sterilized separately in the autoclave at
121 °C for 15 minutes,

The complete medium was prepared from the components
in the concentrations under test and the volume adjusted
Wwith sterile distilled water to a constant level, the con-
centrat;ion of base remaining constant, Sterile absorbent
Pads in sterile 50 mm. Pyrex petrl dishes were wetted with a
fixed amount (1.7 ml.) of the medium, the inoculated mem-
branes rolled upon their surfaces and incubated in the in-
verted position in an atmosphere saturated with water vapor
at 359C for 14 - 18 hours. It was found that a serles of
membranes could be inoculated successively from one water
Sample without the need for resterilization of the apparatus
€ach time, provided that the entire inner surface of the
&1l ass container in contact with the sample‘was rinsed with
30 ml, of sterile water between each inoculation. On thirty
OcCcasions a second sterile membrane was inserted and the
Container again rinsed thoroughly with sterile water., When
Aincubated upon the coliform medium no colonies developed,

Showing that there 1s no danger of carrying over coliform

Organisms from one filtration to the next.,
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No improvement over McCarthy's original formula could
be made -- the brilliant green, ethyl violet, and sodium
lauryl sulphate bringing about little improvement in the
restriction of colony size and inhibition of non-coliform
organisms, except in concentration sufficient to reduce the
viable coliform population considerably.

It appears that the failure of this medium lies in 1its
inability to inhibit the growth of non-coliform organisms and
to restrict the growth of the coliforms to the extent that
their colonies remain discrete while at the same time allow-

ing all coliform cells deposited upon the filter surface to

dewvelop into colonies. Ethyl violet, brilliant green, and

SOd ium lauryl sulphate are known to be most active against

gram-positive organisms, and their ineffectiveness indicates

that the interfering organisms are gram-negative. A large

DNumber of non-coliform colonies were picked from the filter
Surfaces and were shown to be decolorized in the gram stain-
11’1g procedure, It also became evident that a concentration
OT bile salts which would inhibit these organisms would also
Prevent many coliform cells from growing upon the filter sur-
face; and in all probability this effect would be enhanced by
the ir suspension, and consequent attenuation, in water for
lOng periods,

Such inhibitory effects have been overcome to some

©Xxtent by the preliminary incubation of inoculated filters

for a period of 2 hours upon a medium such as lactose broth



13
containing no inhibitory agents. A modification of this
method which 1s described later involves the use of two ab-

sorbent pads, superimposed upon each other, the upper being

impregnated with a plain lactose broth and the lower with

the selective medium. During the time taken for the selec-

tive medium to reach the cells they have been resuscitated
by exposure to the lactose broth and are better able to with-
stand the toxic effect of the inhibitors used in the selec-

tive medium. A modification of this method was tested in

which the medium described was prepared in the form of a
1l.5% agar gel, cooled to 1+5°C, and a layer superimposed upon
another solidified agar medium containing the nutrient base
and larger amounts of brilliant green, sodium lauryl sulphate,

and bile salts. It was considered that the diffusion of the

inhibitors in the lower medium through the upper layer to
the filter surface would take place slowly enough to permit
ini tial colony development but would later restrict the
8rowth of the coli-aerogenes bacteria and inhibit the growth

Each inhibitor in the lower
Dif-

©f other organisms present,
WSA Aum was tested over a wide range of concentration.
fe1"ent: thicknesses of surface medium, restricted only by the
Physical limitations of the 50 mm. petri dish used, were also

emI>loyed. It appears that the inhibitors used, if present in
Sufricient amounts, are able to diffuse through the agar
Tapidly enough to completely inhibit colony development, the

©ffect being identical to that of an homogenous medium
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containing larger amounts of inhibitors. It has been ob-

served that, especlally in the case of the Endo type medila
referred to later, colony development upon the filter sur-
face 1s not a gradual process but rather that there is a

long 1lag period extending for about 10 hours during which no

growth is visible., Subsequently, growth 1s extremely vigor-

ous, and during the next few hours colonies of 1 - 2 mm. in

diameter develop. Presumably the 1l0-hour period is suffi-
cilent for the inhibitors in the lower medium to diffuse to
the filter surface and to prevent subsequent colony develop-
ment.

It appeared that further study of this type of medium
would not be profitable, and attention was directed to the

Endo type of medium described in Part 11I,



PART III
THE USE OF BASIC PUCHSIN AND SODIUM SULPHITE
Review of the Literature

Endo, in 1904, (5) proposed a medium for the isolation
of typhoid organisms consisting of nutrient agar containing
lactose and an indicator system composed of basic fuchsin
and sodium sulphite. It is still widely used as a plating
medium for coliform organisms and 1s recommended for this
Purpose in Standard Methods (39) which gives detalls of its

composition and preparation. The formula is reproduced

below:*
Dipotassium phosphate . . . . 0.35 g.
Bacto-peptone . « « ¢ ¢« + « o 1.0 go
A@r L ] L] [ ] [ ] * * L] L] *® L] [ ] [ ] 2.0 8.
mctose * [ ] * (] L L] L] L] L) L] * 1.0 g.
Sodium sulphite . . . . . . . 0.25 g.
Basic fuchsin . . « . « « . « 0.05 go

The virtue of this medium lies in its indicator sys-
tem. E,coli coloniles developing on it produce dark red,
flat, button-like colonies with a distinct metallic sheen,
While other coliform types are nucleated, pink or red in
color, and possess no such luster. A great deal of atten-

tion has been paid to the amounts of indicator and sulphite

’Ingredients per 100 ml. medium
15
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required, and they have been found to be critical. Care 1is
also needed in selecting the source of the fuchsin as not
all lots are suitable.,

Endo attributed the appearance of the colonies on
this medium to acid formation, but this alone does not pro-
duce the deep red color and sheen typlical of E,colil colonies.
Other workers believed the reaction to be simllar to that of
Schiff's reagent with aldehyde, but the two are not appar-
ently identical. DeBord (4) considered the effect to be
caused by the combined effect of acid and aldehyde, since in
his experiments neither alone could produce the characteris-
tic color effect. Margolena and Hansen (25) concluded from
their study that the effect was best explained by the theory
of Neuberg and Nord (30) who postulated that the sulphite
traps small amounts of acetaldehyde, an intermedilate product
Oof fermentation, as it 1is produced by coliform organisms;
and the medium then acts as a reagent to indicate the pres-
ence of accumulated products. Thus it would appear that the
diagnostic characteristic of gas production from lactose 1is
replaced by the production of acetaldehyde.

In the search for a suitable medium for the enumera-
tion of coliform organisms in conjunction with the membrane
filter technique, 1t was natural that attention should be
glven to this medium of Endo which has proved to be so use-

ful as a differential medium in the past.
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Schutz and Kruse (36) credit the Russians with using
it in this connection in 1934, when they incubated inocula-
ted membranes upon an Endo type of agar.

The application of this type of medium to the mem-
brane filter technique was initiated in America by the
U.S.P.H.S. Environmental Health Center (E.H.C.) (2, 15)
which in 1951 published details of the preparation and use

of EHC modified Endo medium, the composition of which is as

follows: ™
Lactose ° o e o o o o o e o o o 240 -
Dipotassium hydrogen phosphate « o o 0.7 g.
Neopeptone . . . e o o o 2.0 go
Sodium sulphite (anhydrous) e o o o 0.27 g
Basic fuchsin . . . . . . . . . . . 0.09 g.
Ethyl alcohol . . . . ¢« ¢« ¢ ¢ & « « 1,5 ml,

Basic fuchsin itself is inhibitory and plays a part
in regulating the size of colonies developing on the filters.
The only other material present likely to inhibit growth is
the ethyl a2lcohol used as a solvent for the fuchsin. It is
Drobable that the concentration used is sufficient to bring
about some reduction in spreading and to decrease colony
8ize since Floyd and Dack (7) have shown that double this
Qmount is effective in inhibiting the spreading of Proteus.

Nevertheless the authors found that this medium was
inhibitory to coliform organisms, a high proportion of those
Present in fresh sewage failing to grow. In order to over-

come this difficulty, a preliminary 2-hour enrichment,

—

'Ingredients per 100 ml.
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obtained by placing the inoculated memtranes upon pads
soaked in lactose broth prior to incubation on the differ-
ential medium, was necessary and resulted in a doubling of
the sheen-producing colonies obtained. With this procedure
a good agreement was found between coliform counts so ob-
tained and those resulting from the use of 5-tube M.P.N.
determinations with subsequent confirmation according to
Standard Methods (39).

It has been pointed out (15) that the classical de-
scription of coliform colonles on Endo agar does not apply
to those developing on the membrane filters using the modi-
fied EHC procedure, since on the latter all of the E.coli
and most of the A.aerogenes and intermediates develop the
metallic sheen. Clark and Kabler (3) further state that a

few of the A.aerogenes and intermediates may be missed by

this procedure, but consider that the increased accuracy
obtained compensates for this small loss.

Neumann (31) examined several different types of media
for the same purpose and found this EHC procedure the most
Ssatisfactory but not entirely sulitable for all of the water
Sources tested, since other organisms of no known sanitary
Significance were not inhitited,

Kabler and Clark in 1952 (17) also considered this
med ium to be the best available at that time.

Streicher (40) in 1951 suggested that as had been

found with the original Endo medium the fuchsin : sulphite
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ratio was of great importance. Later Clark and Kabler (3)
and the workers at the Environmental Health Center (48) con-
firmed thls view and pubtlished methods for titrating the in-
dicaetor system to give more satisfactory and consistent
results.

Goetz et _al. (10) have also attempted to correlate
this memtrane filter procedure using EHC Endo media with
M.P.N. determinations using the S5-tube dilution technique
described in Standard Methods (39). Only a 'very few sets of
results are presented but fairly good agreement wés obtained.
A modification of the EHC technique 1s presented employing
what the authors descrite as a nutrient schedule procedure
which 18 less time-consuming and gives rather better results.
In the method described the filter 1s incubated upon a pad
made up of a thin leaf of porous paper containing a lactose
broth above a heavy disc containing the differential Endo
medium. The two pads, after being impregnated with their
Trespective medlia, are dried, placed together and sterilized,
and require only moistening before use. The principle is
that the inhibitory materials in the lower pad will not
reach the attenuated coliform cells until they have been
resuscitated and are more resistant to their effects. The
method, despite the advantages claimed by 1its originators,
does not appear to have been much used by later workers.

Presnell et al. (33) using sea water also compared

the two methods of enumeration using the 95% confidence
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limits of the M.P.N. determinations developed by Velz (49).
BRriefly this takes into account the bias of 5-tube M.P.N.
determinations. By multiplying the M.P.N. obtained by fac-
tors of 0.3 and 2.9, a range is obtained. It is considered
that any coliform count obtained with the membrane filter
which falls within this range 1s not significantly different,
By this manipulation 87% of the samples examined were in
agreement.

Thomas and Woodward (45) have analyzed statistically
the results obtained by three groups of investigators
(33, 52, 50) who have compared the same two methods of enu-
meration, the M.P.N. determinations again being assessed on
the basis of the 95% confidence limits. They concluded that
the 5-tube dilution technique as presented in Standard
Methods gives results higher than those obtained with the
EHC medium in conjunction with the membrane filter by a fac-
tor of 1.0 - 1.9 with an average of 1.3. In addition, their
Analysis indicated that the two methods of enumeration do
not measure the same groups of organisms. The differences
Were considered to be minor and in the opinion of the authors
there was no reason why the S-tube dilution method should be
favored more than the membrane filter technique described.

In 1955, Thomas et al. (46), using finished waters,
carried out further experiments and statistical analyses
Comparing the degree of control which could be exercised

UPOn such waters using the two methods of enumerating
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coliform organisms, and concluded that the membtrane filter
method could give equally good, if not better, control of
treatment processes,
The first qualitative report on the types of colonies
found upon filter surfaces incubated on EHC modified medium
was published by Jeter et al. (14) who in addition typed,

using the IMViC tests, a large number of the organisms con-
cerned. They fpund that of 370 sheen-producing organisms
1solated, only 92% produced gas from lactose broth; but, even
80, coliform counts obtained were lower than those obtained
by the conventional 5-tube dilution methods with subsequent
confirmation. This discrepancy, however, was not due to the
exclusion from the Endo medium of one particular IMVAC type
as all were represented. In addition, of 361 colonies not
producing sheen, 4% produced gas in lactose. Again all IMViC
types with only one exception (4 - + 4) were represented,
Mention 1s also made of sheen-producing colonies which upon
subculture would produce no gas from lactose broth in 48
hours at 35°C and which were, of course, counted as coliform.
Thus 1t appears that the medium is not absolutely satisfac-
tory in differentiating coliform organisms, and 1t seems that
the ability to produce gas from lactose is not correlated
Perfectly with the property of forming acetaldehyde. Nothing
is Known about the distribution and sanitary significance of
these non-coliform, sheen-producing organisms; but, obviously,

\f present in large numbers in a water supply, a false
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assessment would be arrived at using this membrane filter
method. This work tends to support that of Thomas and
Woodward (45) which has already been reviewed and who con-
cluded that the two methods of enumeration are not measuring
the 1incidence of the same groups of organisms.

In order to overcome some of the difficulties and
discrepanclies discussed, various modifications of the tech-
nigue and media used have been suggested from time to time.

Kabler (1€6) used the same formula as that described
above except that the lactose in the modified Endo medium
was autoclaved separately and the dye content reduced slight-
ly. During the period 1952 - 1953 he examined 1,706 samples
of water using this medium with the membrane filter tech-
nigque, comparing the results obtained with the standard
5-tube dilution test, again using the 95% confidence limits
of the M.P.N.

Of his samples 74% showed agreement, although as
POolnted out by McCarthy (26), if completely negative samples,
l.e. those showing no coliforms by either method, are omit-
tea , only 64% are in agreement. He also found that in eighty-
five samples, coliform or;ganisms could be detected by the
8tandard tube-dllution method, none belng observed upon the
Dembrane filters. In addition, two éamples showed the pres-
‘ice of coliform organisms by the membrane filter technique .
angq &ave zero M.P.N. determinations., It would seem that coli-

form organlsms are being missed by this modification of the
Iethaoq,
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Levin and Laubausch (18) reported on the testing by
both methods of 207 samples of drinking water delivered to
"Hotel" trains under emergency conditions. Of these three
showed the presence of coliform organisms with the confirmed
tube-—-dilution method, two of them producing coliform-like
colonlies upon the membrane filter. These authors also auto-
claved the lactose in the Endo medium separately, and in an
attempt to render the medium less inhibitory, reduced the
dye-sulphite content to 0.7 of the amount producing optimal
results in a titration procedure.

One of the difficulties experienced in the counting
of coliform colonies developing upon the filter surface 1is
that many non-coliform organisms also grow and if present in
large enough numbers may crowd out the coliforms present.
In an attempt to reduce this "background" population, Yee
€t _al. (52) used oxine (8-hydroxyquinoline) as an inhibitor
for these organisms. Details of the composition and prepar-
ation of this medium, known as LCC Endo, may be found in the
Technical Supplement (41) distributed by the Millipore
Fllter Corporation. The results obtained were not consis-
tent | g reduction in non-coliform population being found
°Nly with certain waters. In addition, the authors found
that only 81% of sheen-producing colonies on this medium
Prodyuceq gas from lactose and that 22% of non-sheen produc-
Ing types did ferment the sugar with the production of gas.

A statement 1s made that if the filter surface is allowed to
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dry out after incubation, then more colonies will develop
the characteristic sheen, but no evidence is presented that
these are coliform organisms.

The addition of brilliant green known to be particu-
larly effective against gram-positive organisms.has also
been recommended for reducing the numbers of non-coliform
organisms growing upon the filter surfaces and is suggested
in Standard Methods (39) for this purpose in conjunction
With the EHC modified Endo medium. No published data appear
to be avalilable concerning its performance.

Hajna and Damon (11) used 0.02% sodium desoxycholate
in order to bring about the same effect in a medium known as
M-HD Endo broth (41). It utilizes fuchsin and sulphite as
the indicator. Yeast extract, casitone, and thiopeptone are
also included, presumably to overcome the toxic effect of
the fuchsin and desoxycholate against attenuated coliforn
Organisms. No enrichment is required. Ethyl alcohol in a
Concentration of 1.5% is also present. The authors state
that f'alsé positive reactions (the presence of sheen-
p"°duclng non-coliform colonies) are eliminated, but no
Comparison with M.P.N. determinations was made. The method
"&s wuged only qualitatively to detect the presence or ab-
S®Nnce of coliform organisms. Out of 147 samples examined by
this method and the standard 5-tube confirmed M.P.N. proce-
ure s fifty were positive b‘y both methods and seventy were

"®gative. In eight samples the membrane filter method gave
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negatilive results, while coliforms were found by the tube-
dilution test, and the reverse was true in seventeen cases,

McCarthy (27) later carried out further studies using
the same medium but on a quantitative basis. He found that
i1t gave gzood results corpbined with the membrane filter tech-
nilgque 1in the examination of samples of diluted fresh sewage.
Comparisons were made using the standard 5-tube dilution
method. When water samples were used, a rather different
rlcture was obtained, the counts with membrane filter method
beinz considerably lower. In additlon, he found that con-
siderable numbers of organisms not producing the character-
i1stic sheen upon this wmedium were, in fact, coliform; and by
Plcking off all of the colonies on a particular filter jinto
lactose broth,. he was able, -on the basls of gas production
in that medium, to double his original coliform counts. If
incubation was continued for a total period of 48 hours (at
Presumably 35.5°C) a doubling of the count also resulted,
and he concluded that the medium left much to be desired.

In the same year Slanetz and Bartley (37) described
the use of another modified Endo medium which does not re-
qUire preliminary enrichment and which is known as M-Endo
Proth, the formula of which follows:"

Again yeast extract and either neopeptone or thiotone

8re employed, and no inhibitors apart from the fuchsin-

Sulphite indicator are present.

\

*Ingredients per 100 ml, medium
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Yeast extract . . . .
Neopeptone . « « &« . .
Lactose .« . « « « « &
Dipotassium hydrogen ph
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Basic fuchsin . .
Sodium sulphite .
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The medium was compared with others avallable for use
with the membrane filter at that time, i.e, EHC modified
Endo broth (41), the M-HD Endo broth described above, as
well as the triple strength MacConkey broth suggested by
Taylor et al. (43, 44), and was found to be superior. Incu-
bation at 35 or 37°C gave similar resuits, and & 22 - 24
hour 1incubation period was required. In contrast to the ex-
perlience of other workers, incubation in an atwmosphere satu-
rated with water vapor was not found to be necessary.
Fifty-five samples from eight rivers, one brook, and one pond
were examined, and counts of colonies showing sheen obtained on
this medium in conjunction with the membrane filter technique
were compared with the results of the standard 5-tube dilu-
tion procedure followed by confirmation of positive tubes in
2% brililiant green bile broth., While the membrane filter
Counts were generally lower than the M.P.N. determinations,
gooq agreement was obtained if the 95% confidence limits of
the latter were used in the assessment. Cultural studies of
193 Sheen-producing colonies were undertaken, and 97% proved
to be coliform. The authors concluded that this medium
8llied with the membrane filter proéedure was an efficlent

fethogq for the detection and enumeration of coliform bacteria

In water supplies,
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In addition to the media listed above, these authors,

in an effort to reduce the numbers of non-coliform organisms
growing upon their fllters, tested the performance of a num-
ber of inhibitory agents in this respect. Penicillin, 8-
hydroxyquinoline (oxine), and brilliant green were tested,
but none were satisfactory. Since these materials are known
to be particularly effective against gram-positive organisms,
1t would appear that the interfering flora growing upon these
filters is predominantly gram-negative, and this is borne out
by the experience of the author.

Recently a further modification of Endo's medium has
been marketed by the Millipore Filter Corporation. This 1is
known as M-Endo Broth HFB, and is manufactured by Difco Lab-
oratories. Again, no preliminary enrichment is required.

The composition is as follows:

Bacto-yeast extract . . . . . . 0.15 g.
Baoto-casitone [ L] . . ° . . [ 005 g.
Bacto-thiopeptone . . . . . . . 0.5 g.
Bacto-tryptose e o o ¢ o o e o loo go
Lactose ¢ o o ¢« o o ¢ ¢ o o o o 1,25 g,
Sodium desoxycholate . . . . . 0.01 g.
Dipotassium phosphate . . . . . 0.4375 g.
Monopotassium phosphate . . . . 0.1375 g.
Sodium chloride . « « « o « « « 0.5 go
Sodium lauryl sulphate . . . . 0,005 g.
Sodium sulphite . . . . . . . o 0,21 g.
Bacto~-basic fuchsin . « ¢« « « « 0,105 g,

It will be noticed that the fuchsin - sulphite content
s @lmost the same as in those media previously described but
that two inhibitors, sodium desoxycholate and sodium lauryl

\

*Ingredients per 100 ml,
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sulphate, have been included, presumably to inhibit the
growth of non-coliform organisms. Both of these materials
are known to be effective against grame-positive organisms,
but it has been demonstrated that the preponderence of non-
coliform organisms growing upon the filter surface are gram-
negative, No less than four complex sources of nitrogen are
included, presumably to supply growth factors and micronutri-
ents. It is difficult to concelve that all of these materl-
als are necessary and no information is avalilable regarding

their inclusion,

No results have been published concerning the use of
this medium for the enumeration of coliform organisms in
water supplies. Fifield et al. (6) have utilized it to count
coliform organisms, using the membrane filter procedure, in
pasteurized milk, comparing counts so obtained with plate
counts on desoxycholate agar. Good agreement was obtained
between the two methods, but it is extremely doubtful whether,
with all the extra manipulation involved, the membrane filter
technique is suitable for this purpose.

Preliminary work using pure cultures has been carried
out (29). Coliform cultures of eight IMViC types were dilu-
ted and suitable portions passed through the membrane filter
discs and plated on nutrient agar. After incubation at 37°C
for 24 hours, colony counts were performed. Five sets of
results are available for each culture. Very good agreement

Was obtained between these two methods, the counts obtained
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with the membrane filter medium tending to be slightly lower,
but no inhibition with the active cultures used was notice-
able, This shows considerable improvement on the results
ot tained by McCarthy (26) with the EHC medium following pre-
liminary enrichment and using similar methods. She used only
one pure culture of E.coli, but found that a recovery of only
7 6% was obtained with this medium when compared with the col-
ony count on brain-heart-infusion agar.

On the basis of these results it was decided to find
out how this medium would perform when used to assess the
coliform content of water supplies.

The advantages inherent in the membrane filter tech-
rique are considerable and have been discussed and evaluated
at sone length by a number of workers (10, 36, 46)., The ap-
Plication of the procedure for the estimation of the coliform
Population of water supplles as indicated above, has not been
successful, except perhaps in the experience of Slanetz and
Bartley (37). This is reflected in the tentative approval of
the technique and EHC modified media in Standard Methods (39)
which approves the method only under conditions where it has
been found to give results comparable to the approved tube-
dilution methods.

The author 1s concerned with the bacteriological
€Xamination of small rural water supplies including wells,
Streams, springs, boreholes, and rainwater, and it is with

Such nztural waters that present media have been found to be
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inadequate. If a suitable medium were available, much time
and materials could be saved by utilizing the membrane filter
technique for this purpose, and it was with these facts in

mind that the potentiality of the new medium was investiga-
ted .

Materials and Methods

Water samples. As many different types of natursl

raw water supplies were examined as possible, those known by
Prrewvious testing to contain coli-aerogenes bacteria being
Ss€lected for study. They comprised a number of driven and
dt‘llled'wells, two rivers, and several lakes. Samples were
taken in 30«-cunce bottles, fitted with screw caps and plas-
tic l1iners, which had been sterillized in the autoclave at
1231 °¢C for 20 minutes before use. This provided a single
Sample sufficient for all tests to be performed. It was well
shaken before being tested -- always within 6 hours of sam-
Pling,

Membrane filter technique. The glass filtration ap-
Paratus, filter material, and absorbent pads were those sup-
Plied for the purpose by the Millipore Filter Corporation.'
Flltration was carried out according to the procedure in the
Tenth Eqition of Standard Methods (39), the amount of sample
f‘11-tet'ed being ad justed to glve less than 200 sheen-producilng

————

'Watertown, Mass.

"=,
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colonies per membrane. Duplicate inoculated membranes pre-
pared from each sample were rolled upon the surface of ab-
sorbent pads moistened with 1.7 ml. of the medium described
and contained in 50 mm. Pyrex petri dishes. The medium used
was obtained in dehydrated form and was made up according to
the i1nstructions of the manufacturer.® A sufficient amount
wWas Prepared to meet the requirements for one day and was
useéd within 6 hours. The requisite amount was welghed out
on paper and trarnsferred to a sterile l-ounce screw-capped
bottle. The necessary quantity of 1.5% ethyl alcohol in
sterile distilled water was added and the powder dissolved
8t J450¢ pefore being heated in the steamer for 10 minutes.
Without this precaution, a black insoluble material was found
to ve present in the final product. Petri dishes containing
the fiiters resting upon their absorbent pads were inverted
8nd placed upon a perforated tray within a plastic tox, the
bOttom of which was lined with wet cheesecloth. By this
Ie&ns an atmosphere saturated with water vapor was obtained.
The box was placed in a "walk-in" incubator maintained at a
temperature of 35°C and incubated for 18 - 20 hours.

Studies were also made of the flora developing upon
fllters incubated upon this medium at 44°C, For this pur-
Pose Pyrex cups were used which were 50 mm. in dlameter at
the basge, 80 mm. in diameter at the top, and 50 mm. deep.

——

*Difco Laboratories, Detroit, Mich.
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™o absorbent pads were placed in the bottom of each cup and
molstened with sufficient medium to just cover their surface.
After the inoculated membranes had been rolled on in the
usual way, the cups were covered with sterile filter paper
soaked in sterile water and were sealed with a plastic cover.
No sterilization of these covers was found to be necessary,
there being no evidence of any contamination. The cups were
incubated in a magnetically stirred water bath maintained at
8 temperature of 4420.5°C. for a period of 18 - 20 hours.
The weilght of the cups caused the water to come within 2 cm.
of their tops. There was no method whereby the temperature
°of the medium could be determined, but it was assumed to be
that of the bath.

At the end of the incubation period colonies showing
& metallic sheen were counted using a binocular dissecting
mlct‘oscope having a magnification of x6.€ diameters. A
SOurce of illumination as nearly vertical as possible was
Provided as this enabled the presence of the sheen to be

T®Cognized more easily.

M.P.N. determinations. These were used as the stand-
érd for comparison. Quintuplicate émounts of the water sam-
Ple Were inoculated into 10 ml. of double strength lauryl
Y¥Dbtose broth and quintuplicate amounts of 1.0 ml. and
%1 m1_ into 5 « 6 ml. quantities of the single strength
medlum.

The 0.1 ml. amounts were contained in 1.0 ml. of a

/10 dilution of the sample prepared by pipeting a 10 ml.
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portion into 90 ml. sterile 0.85% saline in a dilution bot-
tle, This was considered to be more accurate than the method
whereby 0.1 ml. of sample 1s pipeted directly into the medi-
um,

In addition, the same procedure was carrled out using
Mac Conkey's broth according to British practice. The medium
Was Prepared according to the method described in the Report
of the Coliform Sub-Committee (34).

In the lnoculation procedure, one volume of sample
¥&s wused for both sets of media, and in order to eliminste
eXxternal factors as far as possible, one pipet was used for
each sgeries of portions pipeted. The same 1/10 dilution of
S&mple was used for the inoculation of 0.1 ml. water into
both media. 1In addition, tubes of each medium were inocula-
teq alternately. In the case of very heavily polluted waters
ful"ther 10-fold dilutions were prepared and 1.0 ml. portions
8gain used to inoculate tubes of the single strength medla.
Ineubation was in a "walk-in" incubator maintained at 35°C
8nd  tubes were examined after 24 and 48 hours. Lauryl
tt'yptose broth tubes showing gas production at either of
these times were recorded and subcultured, using a triple
1oop, 1into tubes of 2% brilliant green bile broth. These
YWbes were also examined after 24 and 48 hours' incubation
8t 359¢ and those positive, i.e. showing gas production,
FeCorged.

Positive tubes of MacConkey broth, recognized by the
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presence of both acid and gas, were similarly treated, but a
second series of subcultures in the brilliant green bile
broth were prepared and incubated in a magnetically stirred
water bath maintained at a temperature of 4420,.50C, Incuba-
tion was continuqd for 48 hours at this temperature wh;n :
positl wve tubes were recorded.

From the data so obtained the Most Probable Numbers
(M\P.N.) of coli-aerogenes organisms and of E.coll were cal-
culated from the tables in the Tenth Edition of Standard
Methods (39).

Cultural studies. In determining the gram staining

réacticn and IMViC characteristics of pure cultures, the
following procedures were used.

Grem's stain:The Burke and Kopeloff-Beerman modifica-
tion (24) was employed.

Indole tests were carried out on 2-day old cultures
in bacto-tryptone broth using Pringheim's reagent to detect
the Presence of indole.

For the M.BR. and V.P. tests Bacto MR-VP broth was

useq , the tests being carrlied out as described in- the

feport (3u).
In order to determine citrate utilization, Bacto
Simmonds citrate agar slopes were used. Inoculation was by

stab and any change of color in the indicator after 48 hours

Noteq ,




35

Results, Discussion, and Conclusions

A. The comparison of lauryl tryptose broth and

MacConkey's broth. The results ottained using both of these
media inm the 5-tube decimal dilution standard procedure are
given 1in Table I.

In all, forty-two samples of water were examined.
Ident i cal results in the confirmed test were obtained in the
case of sixteen samples which contained no coli-aerogenes
bacteria and, in addition, two samples containing these
°rganisms gave the same result.

Of the remaining samples, fourteen gave higher M.P.N.
d@terminations when the MacConkey medium was used, and in
ten instances the higher count was obtalned by the use of
la“t‘yl tryptose broth. The results obtained in all cases
8Te® very similar, and if the 95% confidence limits of the
M‘P-N. determinations are used for the comparison, there 1is

1O A ifference between them.

In the case of MacConkey's broth, fourteen, or 6.3%
OF tne 226 positive tubes, did not confirm in 2% brilliant
&reen pile broth. With lauryl tryptose, fifteen more tubes
Were positive initially but of the total of 241 positive
tubes, thirty-two, or 13.3%, did not confirm. Thus it ap-
Pears that there is very little difference between the two
Medi1a but that MacConkey's broth, in this investigation,
tehd&d to give fewer false positive results, the number of

tubes confirmed with both media being almost the same. It
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is conslidered that the addition of a pH 1lndicator, brom-
cresol-=purple, to the lauryl tryptose medium would be an
advantage in that if tubes showing small amounts of gas with
no acid production were considered negative, fewer false
positi ve results would be obtained. In Britalin, where pre-
sumpt 1l ve tubes showing acid and gas production in MacConkey's
broth are considered to contain coliform organisms without [ |
subsequent confirmation, this 1s a declded advantage, and |
for al1 practical purposes renders subculture into a confilrm-

3tory medium unnecessary.
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B. The comparison of coliform determinations by the

membrane filter technigue using M-Endo Broth MF and the

standAard 5-tube dilution procedure. The results of this

investigation are given in Table II.

The examination of the membrane filter surfaces after
incubation revealed the presence of a number of different
col onial types, some with sheen and others without. Colonies
wer-€ sharply defined, discrete, and except when very large
numbers were present (in excess of 500) showed no tendency to
comalesce. In the case of one sample from a lake, only a few
col i form organisms were present, but the "background" flora
was excessive, almost covering the filter surface; but, even
80, sheen-producing colonies could be recognized. When the
bac terial population was such as to cover the filter area
completely, however, no sheen was recognizable in any colonies
at the end of the incubation period even though M.P.N. deter-
minations indicated that an excess of 2,400 coliform organ-
isms were present.in 100 ml. of sample.

All previous workers using the membrane filter proce-
dure have regarded the presence of sheen as diagnostic of
Coliform organisms when grown upon the other modified Endo
medl1a discussed previously. Estimates of this group are made
by Counting the number of sheen-producing colonies present
upon the filter surfaces using the standard conditions of
illumination described. Standard Methods (39) also recom-

mends this procedure by stating that "All dark colonies

sl
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having a yellowish metallic-appearing surface luster shall be
counted as coliform colonies.”™ In this investigation some
difficulty was experienced in distinguishing colonies showing
sheen and those which were dark red in color, especlally if
the L1ncubation period was prolonged beyond 20 hours. In
addl1t 1 on, many of the sheen-producing colonies were surrounded
by a transparent periphery. In most cases colonies were
l1- 2 mm. in diameter, and this margin was very small; but
in & number of samples, especially those of polluted river
water, large numbers of smaller colonies (0.5 - 1.5 mm. in
diame ter) were present. The transparent margins of these
colonies was at least one quarter of the colony diameter in
“idth, and such colonies exhibited small, dark centers and
characteristic sheen. These are included in the totals of
sheen-producing colonies given in Table II. It is almost
1mpOSsj.ble to make separate counts of these two colony types
8S 1in g jreat many instances all gradations from one to the
°ther can be found upon one filter surface.

Membranes were not allowed to dry out before counting
2lthough some desiccation took place during this period,
Slnce the petri dish covers were removed and a powerful
x"lbbon--fi.lament lamp was used as the source of 1llumination,

In addition to the results of the thirty samples pre-
sented, all of which were shown to contain coll-aerogenes
bacteria by one or another of the methods used, a further

twenty samples were examired 1n which no coliform bacteria

COuld be demonstrated by either technigque.
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Examination of the data in Table II reveals that good
agreement was obtalned between duplicate membranes and that
the two methods of enumeration give remarkably similar re-
sults. There does not appear to be any significant differ-
énce %bYbetween them, and it is apparent that these results show
mach closer agreement than any previously published. With
fifteen samples, the membrane filter technigue gave the higher
Counts, and in the other fifteen trials the reverse was true,
FuPthermore, as previously mentioned, in the case of another
twenty samples no coll-aerogenes organisms could be detected
by éither method. In one sample coliform bacteria could be
demonstrated by the membrane filter technique while a zero
M.P.N. determination was obtained by the tube dilution method.
In this instance 600 ml. of sample was filtered and three
sheen-producing colonies counted, and with such a small coli-
form population a zero M.P.N. determination is well within
the 1ipits of probability.

Thus 1t was demonstrated that these two methods of
SNumeration give very similer indices of coli-aerogenes
Content,

In assessing these results it has been assumed that
all sheen-producing colonies are in fact coliform and that
|l coliform bacteria present upon the filter surface grow
|NA produce the characteristic luster.

Previous work, using other modifications of the Endo

medlum has shown that this 1is not necessarily the case and
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that only a proportion of sheen-producing colonies can pro=-
duce acid and gas from lactose. Three previous investiga-
tions have estimated this figure at 92% in the case of the
EHC Endo medium (14); 81% with LCC Endo medium (22); while
Slanetz and Bartley (37) using M-Endo broth found that 97%
of the sheen-producing organisms were coliform.

In two instances (14, 52) non-sheen-producin:z colonies T
were also studied and of these 4% and 22% were found to fer-
zent lactose with the production of acid and gas.

This being the case, it was decided to investigate

further the bacteriological flora growing upon the filter L__,_
Surfaces in order to determine the proportion of coliform
Organisms distributed among the sheen- and non-sheen-producing
Colonies.

Discrete, well-isolated colonies were picked from the
filter surfaces into tubes of "Bacto" purple broth base to
"hich 1% lactose had been added, inverted Durham tubes being
Useq to detect gas production. A thin straight wire was used
to make the transfers and the colonies only lightly touched.
In g number of instances no growth was obtained in 48 hours
8t 350(¢ and these results have been ignored. At the begin-
Nlng of the work lactose broth tubes showing growth were
Streayed upon Levine's E.M.B. agar, but when it became ap-
Parent that only in a very few cases were mixed cultures be-

Ing Obtained, confirmation in 2% brilliant green bile (B.G.B.)
vas used. Tubes showing gas production in this medium after

N
8 hours at 35°C were considered to contain coliform organisms.
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A total of 514 colonies with the characteristic sheen
were treated in this way. Of these, 335 or 65.2% produced
acid and gas in lactose broth and gas in the B.G.B. broth.

In no case were orgenisms found which produced acid and gas
irn the lactose broth and which did not subsequently confirm.

The remaining 179 cultures produced no gas in lactose
broth and were not considered to be coliform. A high propor- s
tion of these (143) did produce acid in this medium, the
amount beinz sufficient to completely change the indicator
to a yellow color in 24 hours. These organisms made up 27.8%
of the total sheen-producing colonies only 7% of which grew
in the lactose broth without producing any visible change
apart from the usual turbidity.

A similar study was also carried with 390 non-sheen
producing colonies. Of these 54, or 14.1%, proved to be coli-
form in that they produced acid and gas from lactose and
B.G.B. broths. A further 8.5% produced acid in the former
medium and the remaining 303 cultures grew but produced no
visible change.

The organisms producing acid but no gas in lactose
broth were found to be short, gram-negativeArods with rounded
ends and a tendency to occur singly, although long rod forms
in chains were occasionally isolated. 1In addition, a few
gram-positive, paired, diplococci were isolated which pro-
duced the same reaction in lactose broth. The gram-negative

organisms fermented dextrose rapidly but with no gas
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production and grew in B.G.B. broth. Acid was also produced
in MacConkey's medium and was demonstrated in lauryl tryptose
broth to which brom-cresol-purple had been added. Growth was
very sparse in all of these media, but acid production was
rapld. The group is a somewhat heterogenous one as indicated
by the fact that only some of these organisms could grow upon
Levine's E.M.B. agar, while a few produced the characteristic
sheen, Organisms tended to die out rapidly, a large propor-
tion of cultures in sugar broths not being viable after in-
cubation at 35°C for two days followed by a similar period
at room temperature.

It would appear that although the counts obtained with
the membrane filter technique and M-Endo broth MF are very
simllar to M.P.N. determinations obtained with the conven-
tional tube dilution methods, the medium does not appear to
be superior to any of those developed earlier insofar as the
isolation of coliform organisms is concerned.

This 1é due to the fact that only some 65% of sheen-
producing colonies growing upon the filter surfaces are in
fact coliform, a high proportion of the remainder bteing capa-
ble of producing acid but not gas from lactose.

In view of the close agreement obtained with the two
methods of enumeration, it is tempting to disregard this dis-
Crepancy, especially as the conclusions concerning the pota-
bilitsy of the supplies examined would be the same by both

uethods of examination. In fact, by the examination of
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volumes of water larger than 100 ml. the membrane filter
technique can give added assurance that a particular supply
is free from contamination.

It should be pointed out that the percentages of the
various groups of organisms quoted are not indicative of their
distribution in all types of supply but are averages.

In the admittedly small number of supplies examined
the acid-producing organisms were associated only with ser-
ious contamination. They were found only in samples of
sewage=-polluted river water and in wells subject to obvious
contamination from surface water and which contained large
numbers of E,coll. In a number of wells containing only a

very few A.aerogenes organisms they were absent, but it is

obvious that if the medium 1s to be considered for routine
use, the ecology, distribution, and sanitary significance of
these organisms would need to be clearly established,

In conclusion, it is considered that when combined
with the membrane filter technique for the enumeration of
coli-aerogenes organisms in water, this medium leaves much to
be desired. The 1deal medium should permit all of the coli-
aerogenes cells deposited upon the filter surface to grow
out and form colonies which may be easily distinguished by
relatively inexperienced technicians from those of other
organisms capsble of growing upon the medium., M-Endo broth
MF falls far short of this ideal although it is recognized

that for certain types of investigation, as, for example,
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the rTroutine examination of finished waters, it may, after a
periocd of trial, be found satisfactory and suitable for
routine use.

The formula of this medium would indicate that the
complex nitrogen sources have been included to counteract
the <toxic effects of the sodium sulphite-basic fuchsin indi-
cator system to colli-aerogenes organisms. It may be that
their inclusion is responsible for the possession of sheen
by mnon-coliform organisms and that the inhibitors used are
inadequate to suppress their growth. Presumably an increase
in the concentration of the selective materials would lead
to an undesirable increase in toxicity to coliform organisms.

It would appear that this differential indicator
SYStem relying on the use of basic fuchsin and sodium sulphite
1s not satisfactory and that fundamental work on the develoé-
MmNt of other systems for the regulation of colony size and
for the selection and differentiation of coliform bacteria

Er'Ow ing upon these filter surfaces must be carried out.
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C. The comparison of the counts of E.colli obtained

at 449C by the membrane filter method with M-Endo broth MF

and by using the 5-tube dilution procedure with confirmation

of tubes positive in the presumptive test in B.G.B. broth at

44Oc, 1In Britain, the enumeration of E.coll type I in water
supplies 1s carried out in many laboratories as a routine
procedure. This is accomplished by sub-culturing positive
presumptive tubes of MacConkey's medium at 37°C into tubes
of either fresh medium or 2% B.G.B. broth, and incubating
these in a water bath at 4420.5°C for 48 hours (35). This
test has been shown in that country to be practically char-
acteristic of E.coli, although infrequently some A.aerogenes
strains which can produce gas from lactose at that tempera-
ture are encountered.

It 1s apparent that should the membrane filter tech-
nique be found adequate and replace the presumptive standard
tube dilution procedure, then an alternative method would be
needed to estimate the E.coli content of water supplles.
This could probably be achieved by plcking colonies directly
from the filter surface into either MacConkey's medium or
2% B.G.B. broth, followed by incubation at 44°C, Such a
procedure would, however, be extremely laborious and time-
consuming, and 1t was decided to investigate the possibllity
of incubating inoculated membranes directly upon the M-Endo
broth MF medium at 44°C, This was accomplished as previously

described. The method used is obviously capable of consider-

able refinement, but it was felt that if comparative counts
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could be obtalned and the procedure established, then more
consideration could be given to the design of suitable ap-
paratus,

The results obtalned are given in Table III. In
addition to those presented, a further twenty samples were
examined in which no coli-aerogenes organisms could be de-
tected. Great difficulty was experienced in finding wells tee
and lakes polluted with fecal material and containing E.coll
in detectable numbers.

The appearance of the filters when incubated at this
temperature was markedly different to those incubated at
35°C. Colonies of sheen-producing organisms were smaller,
but the most striking difference was in the numbers of
"background® colonies which had, except in two instances,
completely disappeared. Even in these two cases, the num-
bers of non-sheen-producing organisms was reduced to negli-
glble proportions, and it was possible for large volumes of
sample to be filtered before confluent growth was ottained.

Nineteen samples of well water were examined which
contained coli-aerogenes organisms but in which no E.coli
could be detected by either method even though volumes of
water considerably in excess of 100 ml, were examined by the
membrane filter procedure.

In three instances small numbers of E,coli were de-
tected by the tube dilution method, and although 200 ml. of

water was examined by the membrane filter procedure, no
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sheen-producing colonies were visible upon the filters after
incubation.

The remaining ten samples examined gave positive
results by both methods. In general the counts ottained by
the membrane filter procedure were lower than those calcu-
lated from the results of the tube dilution method, but if
the 95% coafidence limits of the M.P.N. determinations were
used in the comparison, only in one sample ($Table III) is
the difference significant.

It was decided to carry out cultural studies in order
to determine the specificity of both methods for E,coli
type I. Colonies were picked as previously described from
the filter surfeces and their gram staininzg and IMViC reac-
tions determined. In the case of the tube dilution method,
one tube of the highest positive dilution at 4LOC was
streaked on Levine's E.M.B. agar and again colonies picked
and similasrly identified.

Due to the scarcity of supplies containing E.coll
these studles were restricted to seven samples of héavlly
polluted river water and to one sample from a contaminated
well. |

One hundred and forty-six discrete colonies were
picked from membrane filter surfaces to lactose broth and
all produced acid and gas in that medium showing them to be
coliform. Of these, 106 or 72.6% produced gas in 2% B.G.B.

broth in 48 hours at 4420.5°C, but only 54 or 50.9% of this
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total gave the IMViC reactions typical of E.colli type I, the

remaining 49.1% being identical to A.aerogenes except for

the ability to produce gas at 44°cC,

From the tubes of MacConkey's broth confirming at
4LOC, only cultures of E.coli type I were obtained. From
the results obtained with the membrane filter procedure it
might have been expected that orgamisms of the A.aerogenes
LUOC positive type would be found. Their absence may be due
to the fact that only a small number of tubes were streaked,
and these were of the highest positive dilution. In addi-
tien, the E.coli tended to predominate and would probably
outgrow the A.aerogenes 1if the two were present together.

A number of 1solates from the fllters representing
27 4% of the total, did not produce gas when incubated 1n‘
B.G.B. broth at 44°C for 48 hours and with the exception of
two cultures (44--) corresponde& to the IMVAC classifica-

tion of A.aerogenes,

Thus it appears that a high proportion of coliform
organisms can grow upon this medium under the conditions of
incubation described which are not true 44°C positive cul-
tures, and this discrepancy, if found to hold good for all
types of water supplies, is considered to be too large for
the adoption of this procedure for routine examinations.

Again, as has already been pointed out, false negative
results are obtsined and in any event the performence of this

medium at 37°C is such that there 1s considerabls doubt as to

its usefulness in the bacteriological examlnation of water,
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In conclusion, it may be said that the procedure 1is
not satisfactory, the counts ortsined being much lower than
those calculated from the results of the standard British
procedure for the enumeration of E.coli type I in water
supplies. This discrepancy is no doubt due to the combined
toxic effects of the indicator system, inhibitory agents,
and initizal high incubation temperature used. It is greater
than appears at first sight because it has been shown that
of the sheen-producing colonies counted only 72% are capable
of producing gas from lactose at 44°C, the remainder being
coliform organisms other than E.coll type I. It is consid-
ered that these discrepancies are such as to preclude the
use of this procedure for the routine enumeration of E.coll

type I in water supplies.
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53
The Present Status of the Membrane Filter Procedure

in the Bacteriologzical Examination of Water

In Britain at the present time the membrane filter
procedure has no official standing in the enumeraticn of
coliform organisms in water and 1s not recommended for this
purpose.

In America, where nearly all of the work done in con-
nection with the development of this system of analysls for
the bacteriological examination of water has been carried
out, the mechanics of the filtration procedure have become
well established and are regarded as belng satisfactory. As
has been indicated, a great variety of medla have been de-
veloped and used for the growth, recognition, and enumeration
of the coliform group of organisms. By far the most atten--
tion has been given to modifications of the Endo type of
medium which utilizes basic fuchsin and sodium'sulphite as
an lndicator system for the recognition of coliform colonies.
It has become apparent that this indicator is toxic to at-
tenuated coliform cells and is not by itself a sultable in-
hibitor of non-coliform organisms. Other materials such as
brilliant green, bile salts, sodium desoxycholate, and sodium
lauryl sulphate have been included in most formulae for this
purpose; and, in an effort to overcome their toxicity to
coliform organisms, complex sources of vitamins, amino-gcids,
and micronutrients have been supplied. This type of medium

would appear to have reached the peak of its development in
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the M-Endo MF broth described and which has been shown to be
unsatisfactory for the examination of heavily polluted nat-
ural water supplies.

In the Tenth Edition of Standard Methods for the
Examination of Water, Sewage and Industrial Wastes a filtra-
tion procedure and a medium (EHC Endo broth) are described
for use in the enumeration of coliform bacteria in water.

It is unfortunate that the conditions under which it may or
may .not be used are not clearly defined since while it is
stated that "It must be understood that this (the membrane
filter prooedure)-is in no way a standard technique, and it
cannot be considered an acceptable substitute for the tube
dilution method," the next sentence reads, "When the limita-
tions of the test are fully recognized and the difficulties
of the interpretation of the results are known, the tech-
nique may he used."

In a more recent memorandum the subcommittee dealing
with this section have attempted to clarify the position.
The advantages of the procedure are described and the limita-
tions discussed. The subcommittee in conclusion considers
that "For the applications discussed above (the testing of
water potability) and only when used with full recognition
of the limitations noted, the membrane filter technique as
given in the Tenth Edition of Standard Methods, or 1ts demon-
strated equivalent will yield results comparable to those of

the Standard Completed Test for determining the presence of
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coliform bacteria in potable waters." In addition, it 1is
also stated that "In no instance should the membrane filter
method be adopted for testin, water potability until adequate
parallel testing of duplicate samples by the membrane filter
technique in comparison with the standard completed test hss
demonstrated beyond reasonable doubt the relationship of the
results obtained by the two methods."

It is apparent that the official status of the proce-
dure 1s by no means clearly defined. It 1s felt that the
otvious fundamental advantages inherent in the procedure have
teen so sreat as to obscure the fact that without the devel-
opment of a sulitable medium for the growth, recogﬁition, and
identification of coli-aerogenes organisms, the resulﬁs ob-
tained with it are valueless.

The position is made more serious by the fact that the
manufacturers of the necessary equipment and media have glven
the method a great deal of putlicity, and media are now avail-
able and are being sold for use in thlis respect which are not
supported by any published data. A new word has been coined
for their application, the label on one bottle indicating
that the contents are "for use in the detection and quanti-
tation of coliform organisms."™ Presumably this is not the
same thing as quantitative estimation.

It 1s the opinion of the author that none of the media
develoned so far are sultable for use with the membrane fil-

ter procedure for the enumeration of coliform organisms in
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all types of water supplies. It is felt that a different
approach 1s required to the problem and thet a re-examination
of the :srowth requirements of the coli-aerogenes group, to-
cether with information concerning the biology of the organ-
isms assoclated with them in water supplies, is required and
may lead to the development of a different type of selective
medium bssed rather upon nutritional requirements thsn upon

trhe use of inhibitory materials.
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