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THESIS



PRIFACE

Because the academic requirements for the Master of Science
Degree were fulfilled on a part-time basis this work was extended
over a period of four years. After the completion of the first
part of the problem, Professor W. L. Mallmann suggested that it
would be highly desirable to have this work published. Permission
was obtained from the Graduate Council for the publication of

Studies on Media for Coliform Organisms, which was published in

the Journal of the American Water Works Association, April, 1339.

Studies ﬁere then started to devise an improved selective
medium for the bacteriological examination of water. The labora-
tory and field results of these investigations were presented as
a second paper, Uses of a Lauryl Sulfate Tryptose Broth for the

Detection of Coliform Organisms. This paper was published in

the American Journal of Public Health, February, 19ul.

A study of these papers will show the necessity for early
publication so that other workers would have the opportunity
to check the new media and methods under practical field condi-
tions.

The Graduate Council kindly consented to allow the published

papers to be included, in reprint form, as a portion of this thesis.
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IZTRODUCTION

A study designed to develop selective media for cultivating
a specific group of bacteria naturally divides itself into three
phases.

The first phase is to develop a practical basic medium that
will supply an ideal environment for growth. The experimental
work covering this phase of the problem is presented in Part I,

Studies on a Basic Medium for Coliform Organisms.

Finding sn ideal selective agent to retard or eliminate
undesirable organisms i1s the second mejor phase. The experi-
mental work dealing with this phase of the problem is presented

as Part II, Studies on Bacteriostatic Agents.

The third and final phase i1s to combine the basic medium
and the selective agent into a selective medium. This medium
mst then be subjected to laboratory and field triais for a
final evaluation. These studies are presented in Part III,

Studies on Selectivs Media for Coliform Organisms.




Part 1

Studies on a Basic Medium for Coliform
Organisms

Introduetion

Soon efter the introduction of quantitative laboratory tech-
nics, bacteriologists began to compare the various media then
available for the growth of different grouvs of bacteria. From
these studies evolved numerous media, especially a great veariety
for the more fastidious organisms.

Because the coliform (1) group of bacteria grow in a wide
variety of the more simple media, relatively little attention
hasg been given towards developing more sultable media to support
their growth.

Winslow (2), in 1905, demonstrated that the type of medium
and the period of incubation would make radical differences in
bacteria counts from water and sewage.

The first report on investigations concerning media and
technics to be used for water analysis was published in 1838
(3). A permanent Committee on Standard Methods was formed in
1901 (5). From 1901 to 1925 numerous chaonges were made in
standard methods, both in the content and preparation of the
media used and in the methods of executing these tests in the f
laboratory. The latest major changes were made in the report

of the American Committee on Standard Methods (1925).
As eerly as 1891, Reinsch (b6) demonstrated that the

reaction of the medium would casuse a marked difference in



bacteria counts from the same water samples. In 1922 Bunker
and Schuber (7) demonstrated the value of having a definite
standard hydrogen-ion concentration for all media used in
water analysis. They recormended a pH of 6.8-7.2 for ordinary
solid and liquid media.

In 1904 Gage and Adams (&) demonstrated that marked dif-
ferences in counts resulted from using different peptones in
the basic medium. The same anthors demonstrated the importance
of using distilled weter in the preparation of standard media.

A definite step toward uniformity was made when the time-
consuming and inconstant meat infusions were replaced by
Liebig's or any comparable meat extract (U4).

The pioneers in water analysis first relied on sgar or
gelatin plates for the primary isolation of coliform organisms.
As early as 1892, lMathews (9) used litmus-lactose-agar plates
for this purpose.

In 1893 Smith (10) demonstrated the value of a primary
enrichment medium of dextrose broth. 3By seeding definite
amounts of water into a series of tubes a quantitative test
was developed using only a broth medium. That this method
vwns qualitatively superior to the direct plating method was

demonstrated by Irons in 1901 (11).
Soon after the introduction of dextrose dbroth as a pre-
sumptive medium, numerous workers found that only 60 to 70 per
cent of the tubes showing gas in this medium actually contained

coliform organisms. Although these reports were published and



a great deal of discussion resulted, it was not until the 1923

edition of Standard Methods that lactose was substituted for

dextrose in the presumptive test.

Although various enrichment media have been devised in
recent years, standard lactose broth has remained unchanged
since 1925. This medium contains the following per liter:
beef extract, 3 grams; peptone, 5 grams; and lactose, 5 grams.
The final hydrogen-ion concentration should be between 6.8 and
7.0.

In practically 211 of the papers that have appeared in the
literature comparing media used in water analysis, the eame

. standards have been used for comparison. They have taken total
counts after one, two or more days' incubation or gas production
in 24 to 48 hours or longer as a measure of efficiency.

The first eppended publicetion, Studies on ledia for Coli-

form Organismg, presents the data obtained in an effort to de-

vise a more efficient basic medium to be used in the presumptive

test for water analysis.






Reprinted from JOURNAL oF THE AMERICAN WATER WORKS ASSOCIATION
Vol. 31, No. 4, April, 1939

Studies on Media for Coliform Organisms
By C. W. Darby and W. L. Mallmann

HERE has been considerable doubt in the minds of the writers
as to the value of standard lactose broth as an enrichment me-
dium for culturing coliform organisms from water and other sources
when the organisms have been attenuated or when they appeared
in minimal numbers. The fact that coliform organisms frequently
appear in fermentation tubes after incubation periods longer than 48
hours or in tubes incubated at temperatures below 37°C. would seem
to indicate that the prolonged lag phase of growth might be caused
by an unfavorable environment in the nutrient medium. Little
effort has been made to check the efficiency of this medium by the
development of better enrichment media for comparative tests.
More frequently this medium has been used as a standard to measure
the value of new selective media in an attempt to produce a new
medium with selected properties for the coliform organism with
enrichment value equal to that of the present standard lactose broth.
The appearance on the market of new peptones which are being
used extensively in the growth of such pathogenic bacteria as the
diphtheria bacillus and gonococcus offers an opportunity for the
application of these nutrients to the growth of other organisms
such as the coliform group. In this laboratory Bacto-tryptose, a
peptone, which is being used extensively for the cultivation of or-
ganisms that grow scantily on Bacto-peptone media, seems particu-
larly adaptable to this application.
In most studies on the elaboration of a nutrient medium it has
been customary to measure the response of the organisms to the
medium by using a loopful of organisms to each tube of material

A record of research contributed by C. W. Darby, B.A., and W. L. Mall-
mann, Ph.D., Michigan Engineering Experiment Station, Bast Lansing,
Michigan. This study was made by Mr. Darby in partial fulfillment of the
requirements for the master’s degree.
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tested and then measuring the maximum growth obtained at the
end of 24 to 48 hours incubation. The medium giving the greatest
amount of growth at this time has been selected as the best. In
most instances, perhaps, this procedure has obtained its end, par-
ticularly if the investigator desires large quantities of organisms.

It is the authors’ contention, however, that the medium giving the
greatest number of organisms in 24 or 48 hours incubation is not
necessarily the best diagnostic medium. It would seem that the
best diagnostic medium is one that will allow the development of
the desired organism when minimal numbers are present in the
material to be examined. In waters of questionable sanitary qual-
ity it is conceivable that the use of standard lactose broth may not
obtain such results.

TABLE 1

Viabhtlity of Esch. Coli in Different Media Before and After Lethal Exposure
to I'rradiation

MEDIA UNTREATED IRRADIATED HEATED
Nutrient agar................ ... .. ... 570,000 20 27
Nutrient agar/blood. ... .. .. . | 570,000 65 | 102
Nutrient agar/glucose ... ... .. .. .. 600,000 15 105
Nutrient agar/yeast. . ......... .. .. .. . } 610.000 25 | 27
lnfusionagar.‘..,.u..‘........,...,.’ 610,000 38 } 189
Tomato juice milk powder agar. ... .. 1 540,000 69 i 237

It is not within the province of this paper to show the practical
significance of the increasing numbers obtained but it is our thesix
that a diagnostic medium should produce a maximum number of
the organisms present from the material examined whether it be the
diphtheria bacillus from a throat swab or coliform organisms from a
water supply. The value of a diagnostic medium lies in those of its
properties which promote a rapid growth of the dormant viable cell:
in the material examined. There should be a continuance of rapid
reproduction until the cells appear in such abundance that they
can be recognized by their physiological action on the medium or so
that they can be transplanted to differential media.

Many media do not present a suitable environment for the viable
cells to reach the reproductive stages and thus fail to give positive
cultures. Many viable cells of Escherichia coli fail to reproduce on
certain media as shown by Curran and Evans (2) in table 1. It will
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be observed from this table that on the tomato juice milk powder
agar 237 cells survived heat treatment; whereas on the nutrient agar
only 27 cells survived. That the latter medium is best suited for
demonstrating surviving organisms is quite apparent.

It is a well established fact that when organisms are transferred
from one environment to another, particularly if the new environ-
ment differs radically from the previous one, many viable cells fail
to reproduce due to their inability to adjust themselves to the new
conditions or to adjust their immediate surroundings to their needs.
Because of this it is customary in transferring many organisms to
use mass seedings, hoping that a sufficient number of viable cells
will reproduce and thus assure a positive culture.

In single-cell isolation work Wright and Hendrickson (20) found
that by incubating the single cell in a drop of broth in a moist cham-
ber, rather than in a tube of nutrient medium, they were able to
grow as high as 90 per cent of the cells isolated. It would appear
from this work that the cell must adjust its environment to its own
needs and that by the use of a minimum rather than a large volume
of broth the cell is able to adjust itself more rapidly and more surely.
A number of years ago, the junior author of this paper spent several
months trying to single-cell several strains of Salmonella pullorum
using many types of enrichment media without success. Then one
night in a demonstration of single-cell culture, five out of six cells
grew in plain nutrient broth. Following this discovery, using the
same batch of medium, single-cell cultures were prepared for all
the desired strains of Sal. pullorum with a very high percentage of
the single-cells growing. No explanation was found as to why
this particular batch of medium gave results when previous batches
and other media failed. But it appears quite obvious that environ-

mental conditions were such that each viable single cell found its
surroundings conducive to immediate growth without considerable
adjustment prior to reproduction.

Reproduction begins after a cell has overcome its stationary phase
and has taken in sufficient food material. As soon as the cell has
undergone fission the resulting two young cells begin growth and
ultimately reproduction. A new critical period in the life of the
organism begins with the completion of fission. The work of
Salter (11), Schultz and Ritz (12), Reichenbach (10), Sherman and
Albus (13, 14), Stark and Stark (17), Heiberg (4), and Sherman and
Cameron (15) shows that young cells are much more susceptible to
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adverse conditions such as heat, 2 per cent sodium chloride, 0.5 per
cent phenol, and dilute crystal violet, than cells found in the lag
stages of a logarithmic growth phase. Huntington and Winslow
(6) show that during the lag stage and the early logarithmic stage of
growth the young cells exhibit all the characteristics of physiological
youth comparable to those exhibited in multi-cellular organisms.
This means that a good medium must produce an environment
such that no inimical conditions exist during the critical period of
lag and early logarithmie stages of growth. Otherwise the mortality
of the cells may be such that no growth results.

It is our thesis in the light of past experience and the studies cited
that a culture medium for diagnostic use should be measured not hy
gross growth obtained at the completion of the logarithmie stage

TABLE 2
Influence of Bacto-peplone in Various Concentrations in the Base Medium?* on
Lag Phasc of Growth of Esch. Coli, No. 161

co_:roll:qN"l)'?A- , NUMBER OF HACTERIA PER ML.
r::"(r'g(x)\'-z | initial | ¢ hour.; Mﬁ hc'ums [*"*'Em"m i j - 24 I:nur: 7, 451\1;_
. A__‘ L ,,‘ o e e
per cent . ] | !
0.5 15 f 800 | 2,900 | 52,000,000 ' 413,000,000 408,000,000
1.0 ' 20 ‘ 1.200 | 4,700 | 30,000,000 | 704,000,000' 731,000,000
2.0 18 1 1,260 | 4,400 | 32,000,000 , 1,300,000,0000 872,000,000
3.0 f 16 | 7701 1,750 | 8.300.000 l 1,940,000,000] 1,244,000,000

* Base medium consists of : Bacto-beef extract 0.3 per cent, lactose 0.5 per

cent.

but by the behavior of the organism during the lag and carly loga-
rithmic stages of growth. Therefore in the studies presented we
have worked with minimal numbers of organisms that have been
attenuated by age and we have studied the behavior of these or
ganisms primarily during the lag and carly logarithmic growth
stages.

Procedure

Growth rates were determined in broth media containing variow
concentrations of the ingredients that enter into a nutrient mediu
to ascertain the amounts giving the maximum rate of reproductiot
during the early stages of the logarithmic growth phase of the or
ganism. For these studies a laboratory strain of Esch. coli (No. 161
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was selected. This culture was kept on an agar slant and, after the
full development of the culture, it was kept in the refrigerator.
Storage in the refrigerator over a period of months tended to at-
tenuate the culture sufficiently to increase the stationary phase of
the organism and thus give a better picture of the value of the
medium studied in the recovery of the viable cells present. In all
experiments organisms were taken directly from these slant cultures
and introduced directly into the medium under investigation.

Small seedings were used to intensify the difficulties of the or-
ganisms to overcome unsuitable environments and thus increase
the marginal differences in growth rates of the different types of
media used.

Considerable care was exercised in the preparation of the media
and in the technics of growing the cultures and the determinations
of the numbers present in order to eliminate as far as possible all
variables other than the one variable under study.

Experimental Background

Peptone. In an earlier study of bacteriostatic action of dyes, it
was observed (table 2) that a concentration of 3 per cent Bacto-
peptone in a medium caused a decreased growth in the lag phase of
growth of Esch. coli. The fact that this concentration acted as an
inhibitory agent seemed to indicate that a concentration of 0.5 to
I per cent was best, not because the organisms grew best at these
concentrations, but that in more dilute amounts it was less toxic.
It would appear that its use in an enrichment medium such as lac-
tose peptone broth certainly would not favor the development of
isolated cells or groups of cells that were partially attenuated by
chlorination. It appears quite evident that a more satisfactory
source of nitrogenous food should be found.

A comparison of Bacto-tryptose and Bacto-peptone showed that
much more rapid growth occurred with the former peptone (table 3).
The two media are not exactly comparable because the constituents
and their concentrations differ; however, the medium containing
the Bacto-tryptose was far superior at all stages of growth through a
12-hour incubation period. The data are presented to show the
marked difference between the two media.

The most effective concentration of tryptose was determined by
varying the amounts of tryptose from 1 to 3 per cent in the same
base medium. In table 4 data are presented for growth rates of
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Esch. coli in varying concentrations of tryptose in a base medium
of 2 per cent bile brilliant green lactose broth while for the growth
rates in table 5 a phosphate buffered medium was used. In the bile
brilliant green medium, 3 per cent tryptose gave the most rapid
growth while in the buffered medium there was little choice be-
tween 2 and 3 per cent tryptose, although the 2 per cent medium
showed slightly higher rates of growth. In similar experiments 2
and 3 per cent tryptose showed about the same effect on growth
rates, although in general the 3 per cent concentration appeared to
be slightly the better medium. In eoncentrations up to 4 per cent,
the highest concentration tested, Bacto-tryptose showed no in-
hibitory effect such as that observed with Bacto-peptone.

TABLE 3

Comparison of Bacto-peptone and Baclo-tryptose Media by Means of Growlh
Rates of Esch. Coli, No. 161

NUMBER OF BACTERIA PER ML,

l
MEDIUM II
!

Initial \‘3hours1 . 6 h;urs ; 9 hours - 12 hours
Lactose broth*. . ... .. ( 86 ! 1.5(')1)‘ 573.000 | 31,300,000' 232,000,000
Tryptose brotht ......| 97 15,300 12,700,000 585,000, 000{ 1,050,000,000

* Lactose broth: dehvdrated Difco lactose broth.
t Tryptose broth: Bacto-tryptose 3.0 per cent, lactose 0.5 per cent, NaCl
0.5 per cent.

The concentration of 2 per cent was selected as optimum as the
increased activity induced by 3 per cent tryptose did not appear
to warrant the additional expense involved in practical use of the
medium. It is possible that in practical applications, a one per cent
concentration may be satisfactory.

Hydrogen ton concentration. Although the pH range for the
growth of Esch. coli appears to be quite wide, it was felt that the
influence of pH should be carefully checked to determine the effect
on early growth rates. Media consisting of 3 per cent Bacto-tryp
tose and 0.5 per cent lactose were adjusted to pH values of 6.8, 7.0.
7.2,7.4,7.6, and 7.8 and tested as in previous experiments. No pH
values below 6.8 were tested as acid will cause a hydrolysis of the
lactose during sterilization. The results are presented in table 6.
It should be observed that at the end of 6 hours incubation at pH
6.8 the number of organisms was nearly double the number i

tic
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TABLE 4

Brilliant Green Lactose Broth Base Medium* on Lag

695

us Concenlrations in a 2 per cent

Phase of
Growth of Esch. coli, No. 161
NUMBER OF BACTERIA PER ML,
CONCENTRATION H 2 P P
OIIMYFP
TOSE 3 5 g g £ g 3 3 2
F(2|2|13| 2| 2 a 2 4
B - IR - S E 2
per cent
1.0 7.4/30 | 55 | 700 850( 11,130 302,000 205,000,000 600,000,000 86,000,000
2.0 7.4/ 33 | 62 | 0042,450| 17,000 869,000/ 398, 000, 000 980,000,000 95,000,000
3.0 7.4] 36 | 52 11,380 4,500 36,100 2,444,000 $39. 000, 000 1,420,000, 000| 132, 000, 000
Standard 2 per 33|37 | 470 530 6,200 133,000 75,000,000 440,000,000 33,000,000
cent  bile—
B. G. broth "
Difeo

* Base medium consists of : Bacto-ox-bile 2 per cent, brilliant green 0.00133

per cent.

Influence of Bacto

TABLE 5

Lag Phase of Growth of Esch. Coli, No. 161

per cent, lactose 0.5

-tryptose in Various Concentrations in the Base Medium* on

co:!c;l:z:» NUMBER OF BACTERIA PER ML,
SAMPLE
T:YAP"'I'.:I Initial 3 hours 6 hours 12 hours
per cent
1 84 3,800 333,000 1,330,000, 000
1 2 86 3,300 397,000 995,000,000
3 88 2,700 402,000 1, 150,000,000
Average 86 3,300 377,000 1,158,000,000
1 102 4,500 1,712,000 1,760,000, 000
2 2 90 3,600 646,000 1,450,000,000
3 89 3,400 1,144,000 1,510,000,000
Average 94 3,800 1,168,000 1,587,000,000
1 78 2,000 1,262,000 | 1,950,000,000
3 2 96 2,900 994,000 | 2,000,000,000
3 79 3,700 1,400,000 1,780,000,000
Average 84 2,900 1,218,000 | 1,953,000,000
* Base medium consists of: lactose 0.5 per cent; K;HPO, 0.4 per cent;

KH.PO, 0.15 per cent; N

tion.

aCl 0.5 per cent; adjusted to pH 6.8 before steriliza-
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pH 7.0 and that at increasing pH values the amount of growth
decreased until at pH 7.8 the growth was only approximately one-
fourth that obtained at pH 6.8.

In a number of other similar experiments, the maximum growth
appeared at pH 6.8 during the early periods of the lag phase of
growth. It will also be observed from these data that with the
higher pH values, greater amounts of growth appeared at 24 and 48
hours incubation. This would be expected as the limiting acid con-
centrations caused by the fermentation of the lactose would be
approached sooner in the growth cycle of the organisms in the
media which were adjusted to lower pH values. A reaction of pH
6.8 was selected as the optimum value for the growth of Esch. coli.

TABLE 6

Influence of the Hydrogen Ton Concentration of lactose-bacto-tryplose Broth?
on Lag Phase of Growth of Esch. Coli, No. 161

NUMBER OF BACTERIA PER ML,

1
pH ’___ . - e .

I Initial | 6 hours ‘ 12 hours | 24 hours , 48 hours
6.8 | 38 | 31,800 | 182,000,000 | 920,000,000 | 880,000,000
70 | 35 l 17,800 l 177,000,000 | 1,150,000,000 | 1,670,000,000
7.2 0 41 | 17,200 | 220,000,000 | 1,218,000,000 | 1,040,000,000
7.4 { 300 114000 | 185,000,000 | 1,250,000.000 | 1,428,000,00
7.6 31 ! 8,800 i 240,000, 000 1,993, 000,000 2,5]0.(.”0,00()
78 135 L 7000 1 281,000,000 | 2.005,000,000 | 2,630,000,000

* The base medium consists of : Bacto-tryptose 3 per cent and lactose 0.3
per cent.

Walker and Winslow (19), Mallmann and Gallo (7), Slanetz and
Rettger (16), and others have demonstrated that the addition of 2
phosphate buffer to a medium caused an increase in the total nun-
ber of bacteria produced as compared to a similar medium without
buffer. The use of buffered media for fermentation experiment:
was suggested by Bronfenbrenner and Schlesinger (1). The in-
creased number of bacteria was believed by Mallmann and Gallo
(7) to be due not only to the buffering effect on the acid produecd
by the organisms, but also to the need of phosphate in the metalr
olism of the organisms.  The use of a buffered lactose peptone brott
as a presumptive medium for the coliform organisms was recon
mended by Thompson (18).
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In a study of buffers, Perry and Hajna (9) recommended a buffer
mixture of 0.4 per cent K;HPO, and 0.15 per cent KH,PO, for the
growth of coliform organisms. As these amounts give a pH of 6.8
in the medium before sterilization, this mixture was used. In all
instances where the pH values were other than 6.8, the medium was
adjusted to this value by the addition of normal NaOH. In table 7,
the data for three series of these tests are presented. It will be ob-

TABLE 7

Influence of a Buffer Mizture* in the Base Medium on the Lag Phase of Growth of
Esch. Coli, No. 161

SERIES NO, 1
BUFFER pH Number of bacteria per ml.
Initial | 6 hours 12 hours 24 hours 48 hours
Non#: 5505 ; 35 17,800/ 177,000,000 1,150,000,000/ 1,670,000,000
Present......| 7.0 | 32 81,100, 578,000,000 1,850,000,000/ 2,790,000,000
SERIES NO, 2
Initial | 3 hours 6 hours 9 hours 12 hours
Nope TN X 6.8 19 725 1,217,000, 470,000,000 997,500,000
Present..... .. 6.8 16 890/ 3,362,000 840,000,000 1,555,000,000
SERIES NO. 3
Initial | 2 hours 4 hours 6 hours 8 hours —
Nones. e 6.8 95 350 28,700 2,050,000 88,200,000
Present. ... ... 6.8 | 108 430 40,700 2,570,000 139,700,000

* Buffer mixture: K,;HPO, 0.4 per cent; KH,PO, 0.15 per cent.
Series No. 1, base medium: Bacto-tryptose 3.0 per cent, lactose 0.5 per cent.

Series No. 2, base medium: Bacto-tryptose 2.0 per cent, lactose 0.5 per cent,
NaCl 0.5 per cent.

Series No. 3, base medium: same as No. 2.

served that in all instances the growth during the early stages of
reproduction and the later stages of the logarithmic phase, was much
greater for the buffered medium. In media prepared by the Difco
Laboratories, there was little choice between the buffered and non-
buffered media during the early growth period but in most instances
in the late logarithmic phase the buffered medium was superior. In
general, the data showed that the addition of a buffer to the medium,




R e A "y

4

.

698 C. W. DARBY AND W. L. MALLMANN [J. A. W. W. 4.

although not always causing an increase in reproduction during the
early stages, did not hinder the rate of growth and in the late stages
of the logarithmic phase the buffer caused a marked increase in the
number of organisms.

TABLE 8

Influence of Sodium Chloride in a Base Medium* on the Lag Phase of Growth of
Esch. Cold, No 161

BUFFERED MEDIUM®

|
CONCEN- f _— = - - - —
THRATION ’ Number of bacteria pcr ml
or NaC'l | — R . R,
’ lnltiz\l I 8 hours ' 12 )murs 24 hourn 48 hours
pe;cent l - )
None 32 81.100] 578,000,000 1,850,000, 000 2.790,000,000

0.5 | 36 106,000 1,068,000,000 | 2, 50(),0()0.()0() 1.,970.000,000

NON-BUFFERED MEDIUM}

!
|
|
None { 35 |7.9(le 177,000,000 ' 1,150,000,000 | 1670 000,000
J

39 I 67, ()()() 535,000,000 : 1, 755 000,000 | 1,610,000,

* Base medium consists of : Bacto-tryptose 3 per ('('nt la(‘tose 0.5 per rcnt
K.HPO, 0.4 per cent; KH,PO, 0.15 per cent.
t Base medium consists of : Bacto-tryptose 3 per cent, lactose 0.5 per cent.

TABLE 9

Influence of Sodium Chloride in the Base Medium®* on the Lag Phase of Growth of
Fech ('nlz No. 161

(.‘ON(‘ENTRA-|

NUMBER OF BACTERIA PER ML.

TION pH . e [ e
or NaCl 'I ]nltml | 2 hours ' 4 hours i 6 hours ‘ 8 hours
per cent l | ‘ i 0 T

0.5 6.8 | 108 ] 430 10,700 | 2,570,000 139,700, (0

1.0 68 | 90 | 540 53,100 | 2,000,000 153,200,000

2.0 6.8 } 09y 250 | 20,600 1 650.000 | 42,000.00

i

* Base nwdlum consists of : Bacto-try ptmo 2 per (ont lu( “tose 0.5 per (‘enl
K.HPO, 0.4 per cent, KH,PO, 0.15 per cent.

Sodium Chloride. Dunham (3) reports that the addition of sodium
chloride to eosin-methylene blue medium causes a marked inerease
in the number of positive coliform organisms isolated from lactost
presumptive tubes showing gas.  Mooney and Winslow (8) observed
that Salmonella pullorum would not grow in peptone-glucose broth
medium when aerated but when 0.5 per cent NaCl was added, growth
was rapid. For these reasons the influence of NaCl was tested for
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the development of the coliform organisms in a tryptose medium,
In table 8 the data on the effect of 0.5 per cent NaCl in both a
buffered and non-buffered medium are presented. It will be ob-
served that in both media the addition of NaCl caused a marked
increase in growth both in the early stages of growth and even in
the decreasing logarithmic phase. In table 9 data showing the
effect of 0.5, 1.0, and 2.0 per cent NaCl in a medium are presented.
There was little difference between 0.5 and 1.0 per cent but 2.0
per cent showed a marked inhibitory effect on the rate of growth at

TABLE 10
Influence of Lactose in the Basic Medium* on Lag Phase of Growth of Esch. Coli,
No. 161
CONCENTRA~ NUMBER OF BACTERIA PER ML.
TION OF SAMPLE
LATEOSS Initial 2 hours 4 hours 6 hours 8 hours
per cent
1 86 240 8,220 626,000 78,000,000
0.25 2 97 240 7,200 804,000 | 52,500,000
Average 91 240 7,710 715,000 | 65,250,000
1 95 230 7,000 558,000 | 70,000,000
0.5 2 108 250 9,400 470,000 66,600,000
Average 102 240 8,200 514,000 68,300,000
1 92 220 9,400 640,000 | 53,800,000
1.0 2 100 280 9,100 710,000 82,000,000
(| Average 9 250 9,250 675,000 | 67,900,000
J 1 86 250 9,200 404,000 | 30,500,000
2.0 2 97 240 8,150 506,000 | 36,200,000
l Average 91 245 8,675 455,000 | 33,350,000

* Basic medium consists of : Bacto-tryptose 2 per cent, NaCl 0.5 per cent
KH:PO, 0.15 per cent, K:HPO, 0.4 per cent; pH 6.8 before sterilization.

all stages of the logarithmic phase up to 8 hours incubation. In
the light of these data, the addition of 0.5 per cent NaCl seemed
advisable.

Lactose. Hershey and Bronfenbrenner (5) found that a concen-
tration of 3.0 per cent lactose in a synthetic medium encouraged
greater production of carbon dioxide and growth of slow lactose-
fermenting organism than did a concentration of 0.5 per cent. To
determine the influence of the concentration of lactose an experi-
ment was set up using 0.25, 0.5, 1.0, and 2.0 per cent lactose. The
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results are presented in table 10. No difference was observed in the
rate of growth for concentrations of 0.25, 0.5 and 1.0 per cent lactose.
With 2.0 per cent lactose a decrease in growth was evident after 4
hours incubation.

Mallmann and Gallo (7) found that Esch. coli even in a buffered
medium seldom utilizes more than 0.5 per cent glucose and seldom
more than 0.3 per cent in an unbuffered peptone broth. Inasmuch
as no difference was found in concentrations varying from 0.25 to
1.0 per cent and because actual utilization of lactose is generally
not more than 0.5 per cent, there appeared no reason for a change
from the present accepted concentration.

TABLE 11

Comparative Growth Rates of Strains of Escherichia coli and Aerobacter
aerogenes on Tryptose lactose Broth*

I NUMBER OF BACTERIA PER ML.

CULTURE ' — — . -
l‘ Initial " 4hours 8 hours 12 hours

Esch. coli- 161.............. ... |72 141,200 | 92,000,000 1,400,000,000
Esch. coli—165........... ... ... l 211 16,500 | 37,000,000 990,000,000
Esch. coli—166... ... ... .. . ... { 207 | 58,000 | 28,000,000| 1,430,000,000
Esch. coli-—171.......... .. .. .. 1253 1 41,900 | 74,000,000] 1,100,000.000
Aer. aerogenes—140. ... .. ... .. 225 | 24.400 | 20,160,0001 740,000,000
Aer. aerogenes—131. ... ... . .. 245 46,500 | 46,200,000{ 1,100,000.000
Esch. coi—167............. .. .. 182 ' 37,500 | 103,000,000] 1,530,000,000

* The medium consists of : Bacto-tryptose 3 per cent, lactose 0.5 per cent.
K.HPO, 0.4 per cent, KH,PO, 0.15 per eent, NaCl 0.5 per cent; medium ad-
justed so pH 6.7 after sterilization was obtained.

These results do not in any way fail to confirm the work of Hershey
and Bronfenbrenner (5) since their observations were made at the
end of two days incubation and the above-mentioned observations
were limited to 8 hours incubation.

For comparative purposes and uniformity of data, only one
strain of the coliform group was used, namely Esch. coli, No. 16
To check the effectiveness of the tryptose lactose medium in growing
the coliform organisms from their stationary phases, five strains of
Escherichia coli and two strains of Aerobacter acrogenes were tested.
The results are presented in table 11.  No cases of marked retarda-
tion were observed although there was a difference in the rates of
reproduction during the early growth phaxes,
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Comparison of Lactose Peptone and Tryptose Lactose Broths

Throughout all of the studies presented in this paper, comparisons
of the tryptose lactose medium were made with standard lactose
peptone broth. In table 12 three comparisons are presented. In
these comparative tests, as well as in all of the other tests, wherein
these two media were compared, the tryptose lactose medium was
far superior to standard lactose peptone broth at all stages of growth.
In all instances, the periods of stationary and lag phases were much

TABLE 12

Comparison of Standard Lactose Broth and Lactose Tryplose Buffer Broth for
Rate of Growth of Esch. coli, No. 161

SERIES NoO. 1
MEDIUM pH Number of bacteria per ml.
Initial | 3 hours 6 hours 9 hours 12 hours
Standard*. .. ... 6.55| 51 960 79,000 7,750,000 229,500,000
Tryptoset...... 6.8 64 5,885 | 1,440,000 | 970,000,000 | 2,205,000,000
SERIES NO. 2
Standard....... 6.8 29 49 2,300 62,000 360,000,000
Tryptose’ . ..., 6.8 49 420 80,300 | 115,000,000 | 2,070,000,000
SERIES NO, 3
Initial | 2 hours 4 hours 6 hours 8 hours
Standard....... 6.8 25 41 455 25,000 1,235,000
Tryptose. ...... 6.8 27 72 1,785 170,000 13,600,000

* Standard: Bacto-lactose broth, A.P.H.A.
t Tryptose, medium consists of: Bacto-tryptose 2 per cent, lactose 0.5
per cent, K:HPO, 0.4 per cent, KH:PO,0.15 per cent, NaCl 0.5 per cent.

shorter in the tryptose lactose broth, indicating very clearly that
this medium allowed the rapid development of the viable cells by
the fact that it offers a much better environment for the early
reproduction of the organisms. This, in turn, means that more
viable cells will reproduce so that the colon index will be higher in
this medium than in standard lactose peptone broth particularly if
the coliform organisms present have been attenuated.

The physiological by-products of metabolism parallel roughly
the rate of reproduction of the organisms. In tables 13 and 14 data
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are presented to show the time of appearance of gas. Three media
are presented, the proposed tryptose lactose broth, the same medium
minus buffer, and standard lactose peptone broth. An examination
of the data shows that gas appeared sooner in the tryptose media
than in the standard lactose peptone broth and that the quantity

TABLE 13

Influence of the Medium on the Rale of Gas Production of Esch. Coli, No. 161
(Series No. 1)

. TIME OF APPEARANCE OF GAS AND GROWTH

wEpivm | TURE - 95hours | 105 hours 115 hours l 12.5 h'ouru 713.5houz
ko BN o VR o SRR ow SRR o

SR NN b _ . ey
(1 \ + |4+ |+ 10| + [40] + [60] + |9

I 2 |+ |+ + 115 + 40| + [60| + |®

1 3 |+ |+ + 10 + | 40| + |60 + |[&
\ s+ + ]+l + 0]+ |0+ 8

l 5 + + + 20 + 50 + 70| + (%

| 1 + 0+ 1+ 2] 4+ |20 + |40] + |8

‘ 2|k m e T T

2 3 + |+ + (40| + |75 + 8] + D
“ 4 + |+ | + | 25| + {60 + [ 70| + \ 8

s |+ |10 + |0 + |15 + | 8| + | %

\ 1 x |- |+ |-+ |-+ ]| 5|+ 2

2 |2 | = 4+ |-+ |+ + |5+

3 4 3 = |- |+ |-+ =]+ |10+ I
L s x| =+ =+ =+ ] 5] +1n
I T S A T S T S B T S O (I B

|

Medium 1 consists of: Bacto-Tryptose 2 per cent, lactose 0.5 per cent.
NaCl 0.5 per cent, K.HPO, 0.4 per cent, KH.PO, 0.15 per cent.

Medium 2 consists of : Bacto-Tryptose 2 per cent, lactose 0.5 per cent, Nall
0.5 per cent.

Medium 3: Bacto-lactose-peptone broth.
Inoculum: 580 organismo per tube,.

of gas was far greater in the former media. The non-buffered tryp
tose broth showed more gas than the buffered medium at the sam
early periods due to the fact that the fall in pH was more rapil
in the non-buffered medium; hence there would be less conversio:
of the carbon dioxide to carbonates. As would be expected from &.




e

0%
e qu

VOL. 31, No. 4 NEW MEDIUM FOR COLIFORM 703

examination of the growth curves of the various media, visible
turbidity appeared earlier in the tryptose media.

The value of growth rates, particularly during the lag and early
logarithmic phases for the evaluation of a nutrient medium rather
than maximum growths is clearly demonstrated. For example, in

TABLE 14

Influence of the Medium on the Rate of Gas Production of Esch. Coli, No. 161
(Series No. 2)

TIME OF APPEARANCE OF GAS AND GROWTH

MEDIUM [ ;'“v::n 11 hours ¢ 13 hours 14 hours 15 hours 24 hours
o] om Vo] om |50k cu | o (Y] o

1 |+ | = |+ | =+ |-+ |10] + |9

2 |+ |-+ |-+ |-+ |10+ |0

il [+ =+ =+ =]+ |+ + |10
4 |+ | =+ |-+ |5+ | 5|+ |0

St ol L+ 5%+ | 5] + |9

i =k | = F B+ 0|+ [

2 lE ==+ |+t + ] 5|+ |

2 8 |+ =+ |-+ | + | 5]+ |6
4 |+ =+ |-+ |+|[+]|10] + 60

Bl |-+ f(-|+|+]|+ |20+ |

1 - = = = = = + - + 10

2 - - -~ e -~ - - + v + 20

3 8= ~-|x|-x|[=-]+]|-|+|2
4 7a &= == - % = + = + 10

5 | - |-l £ |- |=-]|+|=|4+1]1w

* Medium 1 consists of: Bacto-tryptose 2.0 per cent, lactose 0.5 per cent,
NaCl 0.5 per cent, K;HPO, 0.4 per cent, KH.PO, 0.15 per cent.
Medium 2 consists of: Bacto-tryptose 2.0 per cent, lactose 0.5 per cent,
NaCl 0.5 per cent.
Medium 3: Bacto-lactose-peptone broth.
t Bubble of gas is indicated by +.
Inoculum per tube: 40 organisms.

, table 6, in measuring the significance of pH in the growth of Esch. coli,

the medium of pH 6.8 gave a count of 31,800 in 6 hours incubation
while the medium at pH 7.8 gave a count of 7,900. At the end of

" 48 hours incubation the medium at pH 7.8 showed a count of 2,630-
. 000,000; whereas the medium at pH 6.8 showed only 880,000,000
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organisms. If the two media were measured by total growth, the
medium at pH 7.8 is superior but if the media were measured by the
initial number of viable cells that reproduce, the medium at pH
" 6.8 is far superior. It is quite evident that the medium at pH 7.8
does not offer a favorable environment for the development of the
viable cells present and hence such a medium would be an unsatis-
factory diagnostic or enrichment medium.

Another example of the value of this procedure is shown in table 8
in the influence of sodium chloride in the medium on growth rates.
The amount of growth in both the salt and non-salt media is approxi-
mately the same at the end of 48 hours incubation whereas at the
end of 6 hours incubation the salt media show a much higher count.
If the media were measured at the end of 48 hours incubation, it
would appear that salt had no appreciable value in the medium;
whereas at the end of 6 and 12 hours incubation, it is quite evident
that salt increases growth rates materially. Repeatedly during thic
study similar experiences have occurred, demonstrating the value
of the growth rate method for the development of a culture medium
designed for diagnostic purposes.

It is realized that the medium presented in this paper differs rad-
ically from the present standard lactose peptone medium, but it is
the opinion of the writers that an enrichment medium used as a
presumptive medium for the detection of the coliform organism
should allow the development of all viable cells present in the ma-
terial to be examined. This medium based on studies made with
minimal numbers of viable cells shows that a much greater rate of
reproduction occurs during the lag and early logarithmie phases of
growth with a materially shorter stationary phase than standard
lactose peptone broth would show. That it does allow the develop-
ment of more viable cells than standard lactose peptone broth wa:
demonstrated this past summer on swimming pool samples.

The use of this medium on routine water analysis has not as yo!
been tested on a wide scale. At the present writing it is being used
in seven water purification plant laboratories in parallel with stand-
ard lactose peptone broth for comparative purposes. The result:
of this study will be presented at a later date.

The medium is being presented at this time to give water analyt:
an opportunity to make comparative tests so that it will be possibl
to determine whether or not its use would be worthwhile for routint
usc in place of the standard lactose peptone broth.
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Summary

1. Bacto-tryptose was found to be superior to Bacto-peptone in a
base medium for all growth phases of Esch. coli.

2. A concentration of 2 per cent Bacto-tryptose in the medium
was found to give the greatest rate of reproduction during the lag
and early logarithmic growth phases.

3. The addition of phosphate buffer to the medium caused a much
greater growth in the late logarithmic phase and a slightly greater
increase during the lag phase than the non-buffered medium.

4. The rate of growth during the lag phase was greatest at a pH
of 6.8.

5. The concentration of lactose appeared to have no influence on
the rate of growth during the lag and early logarithmic phases.

6. The addition of 0.5 per cent sodium chloride to the medium
caused a marked increase in the rate of reproduction during the lag
and early growth phases.

7. A 2 per cent Bacto-tryptose lactose buffered broth was far
superior to standard lactose peptone broth for the growth of coliform
organisms during the lag and early logarithmic phases. The in-
crease in numbers persisted into the late logarithmic and decreasing
logarithmic phases of growth.

8. The medium is suggested as an enrichment medium for the
growth of coliform organisms. The formula follows:

Bacto-tryptose. . ............ .. L. 2 per cent
| B7-T6) o - TR L e s L O A e A T 0.5 per cent
TG PO s S e a b o 3 e i s i te & 0.4 per cent
KH PO vyt e st os i 5085 § 3305 @y 0 68: 4003 0.15 per cent
IN A 5 paos At o b P B B B g i 3 0.5 per cent

pH before sterilization: 6.8

In a subsequent paper the results showing the use of this medium
as a presumptive medium for the detection of the coliform organisms
in water supplies will be presented.

Epitor’s Note. This paper has been published at the request
of the Executive Committee of the Water Purification Division in
the hope that the media therein suggested will be extensively tested

i elsewhere so that experiences may be summarized in a discussion
ot before the Water Purification Division.
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Part II

Studies on Bacteriostatic Agents

It is not within the province of this thesis to review com-
pletely the work that has been done in the field of bacteriostasis
The major problem wa§ to investigate the bacteriostets under con-
trolled laboratory tests with the hope that some of the newer dyes
or compounds at our disposal might be more effective than those
in current use. The experimental data are presented, not as a
completed stuiy of any one series of dyes or other bacteriostatic
agents, but merely as experimental data that may be of practical
use in future investigations. The practical possibilities of
each set of data will be discussed with each experiment.

In 1926 Churchman (27) gave the following definition for
the term "oacteriostasie! "A{ least four phases of bacterial
inhibition have been observed in the case of bacteria exposed
to the action of gentian violet and related dyes: cessation of
motility; inhibition of reproduction; saspension of animation;
and inhibition of sporulation. Anilin dyes may show these four
types of inhibition without killing. The difficulty of distin-
quishing between'death and inhibition of growth has led the
writer to use the term 'bacteriostasis.' In the cases of tripheny
methane dyes, gram-positive bacteria are, as a rule, much more
susceptible than the gram-negative."

Although bacteriologists were using bacteriostatic agents

as early as 1902 (23), Churchman (24), in 1912, was the first



—

worker to present a comprehensive paper on this subject. He studied
the action of gentian violet on a large collection of bacterial
species. He divided these organisms into violet negative and
violet positive groups, and demonstrated the practical importance

of this work. In the same year Churchman presented a second paper
(25), in which he demonstrated that by the use of gentian violet

it was possible to differentiate between closely related bacterial
species. In this paper he made the following prophetic statement.
"---that a substance will be found possessing a similar selective
affinity between such bacteriologically troublesome organisms as

Bacillus typhosus and Bacillus coli does not seem to be out of

the question."

In 1923 Churchman (26) demonstrated that this inhibition
of gram-positive bacteria by gentian violet could be accomplished
by adding the dye to the medium (extrinsic bacteriostasis) or
the organisms could be stained with it before being planted on
plain agar (intrinsic bacteriostasis). He also demonstrated
that selective bacteriostasis is not necessarily associated with
selective penetrability. Organisms that are heavily stained
mry grow, ani others, anparently unstained by the dye, were in-
hivited. At this time he pointed out that the bacteriostatic
action may be due to changes effected by the dye at the surface
of the organisms.

Stearn and Stearn (28), in 1524, offer an elaborate chemi-
cal explanation for the mechanism of bacteriostasis. Their paper

includes bacteriostatic titers obtained by other workers in this



in this field. Any investigator interested in bacteriostasis
should review the material presented in this paper.

Dubos (29), in 1929, and Ingraham (30), in 1933, point out
that the bacteriostatic action of gentian violet and related
compounds is closely associated with the ability of these conm-
pounds to poise the oxidation-reduction potential of the medi-
um. Ingraham definitely shows tkhat during the lag phase of
growth neither the dye nor the organisms are altered.

The possibility of inhibiting gram-negative bacteria and
allowlng gram-positive bacteria to grow was first recognized
by Churchman in 1923 (26, 31). He demonstrated that in suit-
able concentrations acid fuchsin would exhibit the reverse
action of gentian violet on gram-positive and gram-negative
organisms. This phenomenon has been called "reverse bacterio-
stasis.” In 1939 Bryan, Devereux, Hirschey and Corbett (32)
demonstrated the value of sodium azide as an iphibitory agent
for gram-negative bacteria. MNallmann (46), in 1940, demon-
gtrated the value of sodium azide for the isolation of strep-
tococci from sewage. In 1940 Snyder and Lichstein (33) and
in 1941 Lichstein and Snyder (3L) presented the value of sodi-
um azide in inhibiting the growth of gram-negative bacteria
vhen culturing feces for the isolation of streptococci. In
1941 Mallmann, Botwright and Churchill (35) published a paper
on the selective bacteriostatic effect of slow oxidizing agents.
In this study they demonstrated that both potassium dichromate

and sodium azide exhibited the proverty of "reverse bacteriostasis.”



In 1913 Browning, Gilmour snd Mackie (23) presented a
technic for the isolation of typhoid bacilli from feces. They
demonstrated that brilliant green had the ability to inhibit

Escherichia coll but allow Eberthella typhésa to grow. They

stated that Conradi and Drigalski, Loffler, and Savage were
using this selective action of brilliant green as early as
1908. Savage was using it in his studies for the isolation

of the Gartner's bacillus from fecal material. In 1927

Bakieten and Rettger (36) used brilliant green in a buffered
broth as an enrichment medium for typhoid and paratyphoid or-
ganisms. Mallmann, Thorp, and Semmes (37), in 1928, demon-

strated the value of a brilliant green liver infusion medium

for the isolation of Salmonella pullorum from infected chicks.

The currently popular selective media, bismuth sulfite agar
ard Bacto~S. 8. medium depend, to a large extent, upon the
selective sction of brilliant green. Currently, the use of
brilliant green ag¢ an enrichment broth has been supplanted by
tetrathionate broth (uh).

For a complete discussion of the chemical composition and
physical properties of the dyes studied in this paper the reader
is referred to Conn (45).

In any series of experiments designed to determine the
bacteriostatic properties of a compound there are several fac-
tors that must be carefully controlled and recorded if the data
are to be of any value for future work. The importance of stat-

ing tke source, serial number, certification number and any
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other available data concerning the particular bacteriostat
under study has been emphasized by Conn (38). The value of
stating definite pH values has been shown by Stearn and Stearn
(39, 40), McCalla and Clark (41) and Reed and Genung (L2).
The importance of the age of the culture or cultures used was
stressed by Churchman in 1926 (43). That the constituents of
the medium may vary the bacteriostatic titers of dyes was
shown by Reed and Genung (L2) and other workers in this field.
Stearn and Stearn (40) point out the importance of the pre-
vious environment of the organisme under study. Other impor-
tant factors thet should be carefully recorded are (1) time
and temperature of incubation; (2) concentration of the bac-
teriostat; (3) time and temperature of sterilization (if
bacteriostat is subjected to heat); (L) additional orgenic
compounds adied to the medium (serum or blood, for example);
(5) whether the medium is broth or agar in nature; (6) size
or numbers of inoculum; (7) possible antibiotic or symbiotic
effects of mixtures of bacteria; (&) the possibility of oxi-
dation or reduction of the bacteriostat by the particular
microorganisme under study; (9) the particular growth require-
ments of the bacterium under study; (10) the exact technic used
in carrying out any series of experiments and (11) the stabil~
ity of the medium under study.

The results of the experimental work carried out on various
bacteriostats and mixtures of bacteriosteats are recorded in the

following series of five experiments.






Experiment 1

Dyes. The following dyes were used in this experiment:

(1) Ethyl purple 63. No. 673k, Yational Aniline and Chemi-
cel Co., Inc. NBg-l.

(2) Brilliant green. Schultz Yo. 199. C. I. No. 652. Totel
dye content 9U%. National Aniline and Chemical Co., Inc.

(3) Acid violet. Schultz o. 530. Iot No. 8393. National
Aniline and Chemical Co., Inc.

Bagic Medium. In this experiment the following basic medi-
vm was used: Bacto-beef extract, 0.3%; Bacto-peptone, 0.5%;
sodium chloride, 0.5% and agar, 2.C%. The pH was adjusted to
7.2 and sterilization effected by autoclaving for 20 minutes
at 15 pounds pressure. All dyes were prepared aseptically and

added to the basic medium after autoclaving. Twenty ml. amounts

were poured into standard Petri dishes (63.5 sq. cm.) and the
plates incubated at 37°C. for 2U4 hours to insure sterility.

Technic. The plates were marked on the bottom so that
four equal areas were obtained for seeding. The inoculum was
placed uoon the agar surface as a single streak using one loop-
ful from a standard 4 mm. platinum loop. All plates, including
controls were run in duplicate. After seeding, the plates were
incubated for 30 hours at 37°C.

Dilutions of Dyes. The following dilutions were made of

each dye: 1 in 25,000; 50,000; 75,000; 100,000; 150,000;

200,000; 500,0C0; and 1 in 1,000,000.



Cul tures. Twenty=-four hour broth cultures of the following
organisms were used in this study: Salmonella paratyphi A,

Salmonella pullorum, Eberthella typhosa, Shigella gallinarum,

Staphylococcus aureus, Escherichia coli, and Bacillus cereus.
The results, showing the bacteriostatic titers obtained

in experiment I, are tabulated in table I. If the growth com-

pared favorably with thot obtained on the control plates, it

was recorded as 4. A growth of aprroximately one-half that of

the control was recorded as 2, and only a few scattered colonies

as 1l.
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Summary of
Exoeriment 1
1. Acii violet. The dilutions used in this experiment
were too high to demonstrate if this dye has any practical value.
In the dilutions of 1 in 25,000 and 1 in 50,000 it was demonstrated
that this dye produced some bacteriostatic effect on the gram-
positive bacteria.

2. ZEthyl purple. This experiment has shown that selected

members of the genera Salmounella and Tberthella grew in all di-
lutions. S. pullorum was completely inhibited at a dilution of

1 in 25,000, ani very little growth was obtained at the 1 in 50,000
dilution. §. gallinarum and Z. coli grew in all dilutions of

ethyl purple. The gram-positive revrecentatives were inhibited

in high dilutions.

3. 3Brilliant green. The Salmonella organisms grew in ell

dilutions of this dye. S. gallirarum was inhibited completely

at 1 in 200,000. E. coli end Staph. aureus were completely in-

hibited at 1 in 150,00C and B. cereug at 1 in 1,0C0,0CC dilution.

Practical Applications

1. More evrerimental work should be done with ethyl purple,
especially on its toxicity for coliform organismg. Tue inhibition
of S. grllinarum by brilliant green (1 in 75,000) and the excellent
growth of this organism on ethyl purple (1 in 75,000) comared
with the complete inhitition of S. pullorum on ethyl purple
(1 in 25,000) might be another method of differentiation of
these closely related organisms. This work should include the

study of numerows strains of each gerus.



=12

Experiment 2

Purpose. Experiment 2 is designed to determine the bec-
terlostatic titers of the dyes studied in experiment 1 in a
broth medium.

Dyes. The following dyes were used (1) brillient green,
(2) gentian violet, (3) ethyl violet and (4) ethyl purple 6B.
The gentian violet used had the following identification:
lational aniline and Chemical Company; 81% dye content; C. I.
No. 681; Certification ¥o. N. C. 6. The other dyes were from
the same lots as used in experiment 1.

Cultures. Twenty-four hour droth cultures of the following

bacteria were used: E. typhosa, E. coli, S. paratyphi B, B. cereus

and Staph. sureus.

Basic Medium. The dyes were added to the following basic

medium: Bacto-beef extract, 0.3%; Bacto-peptone, 0.5% and
sodium chloride, 0.5%. The pH was adjusted to 7.2. The dyes
were now added to make the following dilutions: 1 in 25,000,
50,C00, 75,000, 100,000, 150,000, 200,000, 500,000 and 1 in
1,000,000. Ten ml. smounts were dispensed into test tubes,
plugzed, and autoclaved for twenty minutes at 15 pounds pressure.
Technic. Al dilutions were run in duplicate. The droth
tubes were seeded with a standsrd 4 mm. loop. These broth
tubes were then incubated for U8 hours at 37°C. The results
of this experiment are tabulated in Tables II~A and B.
Conclusions. The bacteriostatic titers of the dyes

studied are apparently higher in broth than in an agar medium.
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llote. It will be noted that in this experiment both ethyl
violet and ethyl purple 6B were used. Conn (h5) states that

ethyl purple 63 is a synonym for ethyl violet.
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Exveriment 3

Purpose. This experiment was carried out to determine the
bacteriostetic titers of a selected group of dyes in a Bacto-
tryptose agar medium.

Dyes. The following dyes were studied: (1) Brilliant green.
Schultz No. 499. €. I. No. 652. Total dye content 93%. Cert. lNo.

N Bg 7. National Aniline and Chemical Co. (2) Zthyl violet.

Schultz No. 518. Lot No. 3330. National Aniline and Chemical Co.

(3) Iodine green. The Coleman and Bell Co. (4) Trypen Blue.

Vital stain. No. 3U41l7. National Aniline ani Chemicel Co. (5)

Methyl violet 2B, Schultz Mo. 515. C. I. No. 680. Total dye

content 81%. Cert. No. N. MV-4, National Aniline and Chemical

Co. (b) Basic fuchsin. Total dye content 83%. Cert. No. N. F,

30. XNational Aniline and Chemical Co. (7) Pyronine G. Schultz
Yo. 508. Lot. No. 2179. (8) Fast Green. F. C. F. The Coleman
and Bell Co.

Baslic Medium. The dyes were added in suitable amounts to

the following basic medium: Bacto-tryptose, 2.0%; ¥aCl, 0.5:;
K2HPOs, 0.U%; KH2FOe4, 0.15% dextrose, 0.1% and agar, 2.0%.

The pH of this medium was b.8 before sterilization. The medium
containing the appropriate dye weg sterilized Ly autoclaving for
20 minutes at 15 pounds. Twenty ml. portions were dispensed iuto
Petri dishes, allowed to cool and incubated to check for steril-
ity. The following dilutions of the various dyes were used:

1 in 10,000; 1 in 50,000; 1 in 150,000; @ni 1 in 500,000.
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Technic. The method of seeding the plates and interpreta~
tion of the results were the same as those used in experiment 1.
Incubation was carried out at 37°C. for 30 hours to be compara-
ble with experiment 1.

Cultures. The following cultures were used in this experi=-

ment: S. enteritidis, S. gallinarum, §. gallingrum (1040), S.

paratyphi B, S. typhimurium, S. paratyphi A, 8. pullorum,

S. pullorum (Coburn), Shigella dysenteriae, E. typhosa (Hopkins),

E. coli (161), Pagteurella avicida, Aerobacter aerogenes (171),

B. cereus and Alcaligenes fecalis.

Results. The following dyes exhibvited very little bacteri=
ostatic action: trypan blue, fast green, F, C. F., pyronine G,
and iodine green. Trypah blue had no effect on the growth of
the organisms tested in a dilution of 1 in 10,000 in the basic
medium. Fast green exhibited a very slight action (a No. 3
growth) on all the organisms in the 1 in 10,000 dilution. Pyronine
G completely inhibited B. cereus &t a dilution of 1 in 50,000
and partially (lo. 2 reading) at 1 in 150,000, The gram-negative
orzanisms all grew in the 1 in 10,000 dilution, but there was
some evidence of toxicity (a No. 3 ezrowth was recorded for the
gram=negative group). Iodine green had the same action on the
gram-negative group as was exhibited by pyronine G. It inhibited
B. cereus completely at the 1 in 10,000 dilution and pértially
(a ¥o. 1 reading) at 1 in 50,000, The bacteriostetic titers of

the other dyes tested are presented in tables III A, B, C and D.
Digscussion. In general the bacteriostatic titers obtained

in a tryptose base were lower than those obtained in a Bactoe
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peptone base. One reason for this was the increased amount of
peptone in the tryptose medium. The second factor of importance
is the composition of the tryrtose. Also, in this erperiment,
the effects of a greater amount of dye were stuiled (a dilution
of 1 in 10,000 as compared to & dilution of 1 in 25,0C0 in ex-
periment 1. Brilliant green inhibited S. pullorum in a dilu~-
of 1 in 25,000 and aimost coapletely at 1 in 50,000 (a Yo. 1
reading) in the nutrient egar base. S. pullorum grew in the
tryptose base at 2 dilution of 1 in 10,000, Brilliant green
inhibited E. coli at a dilution of 1 in 150,000 in a nutrient
agar base, whereas in the tryptose base a concentration cf
1 in 50,000 was required. It is particularly important to
note that in the tryptose medium E. coli and . typhosa were
inhibited at the same concentration of brilliant green. Nelther
a peptone or a tryptose base with brilliant green, would be
sultable for the isolation of S. gallinarum or S. dyeenteriae.
Brilliant green ctill retains a high degree of selectivity for
gram-positive bacteria.

With ethyl purple, the other dye used in both experiments 1

and 3, there was a uniform reduction in bacteriostatic titers when

the tryptose base was used.



Table III

The Bacteriostatic Titers of Selected Dyes
in a Tryptose Agar Medium

B~-}ethyl Violet 2B

Sl tures :Hiiilution of dye 1 in
107 | 507 | 15071 | 500
S. enteritidis 3 3 3 2f==+
S. gallinarum 31313 4
S. gallinarum No. 10LO| 3 3 3 3
S. paretyphi B ﬁ 313 % | v
S. typhimurium 3 3 b 4
S. paratyphi A 3 3 b 4
S. pullorum 313 3 4
S. pullorum - Coburn 31 3 3 b
S. dysenterise " 2 3 3 4
E. typhosa 1 3 3 4
E. coli 1 2 3 Yy
P. avicida 2 1 3| 3 4
A, serogenes 3 3 3 4
Al. fecalis L O L
B. cereus “ - - - -

' P ow e

W R.n N nn

thousand

growtlh same as control
growth 3/4 control
crowth 1/2 control
few colonies

1no growth
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Experiment W

Purpose. This experiment was carried out to determine
the bacteriostatic titers of a selected group of compounds
in a Bacto-tryptose broth medium.

Dyes and Compounds. The following selected group of

compounds was used in this experiment. (1) Brilliant green.
Schultz ¥o. 499, C. I. 662. Tctal dye content 93%. National

Aniline and Chemical Co. (2) Methyl wviolet 2B. Schultz No.

515, C. I. Ho. 680. Total dye content 81%. XNetional Aniline

and Chemical Co. (3) Acid fuchsin C. I. No. 692, Total dye

content 60%. National Aniline and Chemical Co. ¥. R.-10.
(4) Thionin Schultz No. 348. 2nd Ed. C. I. No. 920, NT-2.

National Aniline and Chemical Co. (5) Ethyl purple §§.

Fational Aniline and Chemical Co. llo. 6734. (6) Rosalic

acid. (7) Sodium azide, Pract. (8) Pyronin—-Schultz No. U469,

UYth Ed. Fational Aniline and Chemical Co. Cert. No. N. P. 3.

(9) Eryvthrosin--Fisher Scientific Co. (10) Nigrosine (Water

Soluble). (11) Acriflavine hydrochloride. (12) Blone-

Wo. 36092, (13) Toluidin Blue Cert. No, HU~1l, Figher Sci-

entific Co.

Bzgic Medium. The dyes and other compounds tested were

added to the following basic medium: Bacto-tryptose, 2.0%;
dextrose, 0.1%; NaCl, 0.5%; KHzPOs, 0.15% and K2HPOs, C.l%.
The recorded concentrations of the compounds were added to

the basic medium and dispensed, in 10 ml. amounts, into test
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tubes. Sterilization was effected by autoclaving for 20 min-
utes at 15 pounds pressure. The pH of the medium, after ster-
ilization, was 6.&. All tubes were checked for sterility by
incubating them at 37°C. for M€ hours.

Technic. All tests were run in duplicate. The tubes
were seeded with a 2lehour culture of the appropriate organ~
ism, each tube being seeded with one loopful, using = U mm.
platinmum loop. Growth was determined by gross observable tur-
bidity, using unseeded tubes of the same dye-~dilution as con-
trols. The readings were made after 48 hours incubation at
37°C.

Oultures. The following cultures were used in this ex~

reriment: E. coli, Steph. aureus, B. cereus, S. pullorum,

S. paratyphi A, S. typhimurium (230), S. typhirurium (226),
S. gallinarum, E. typhosa, and S. dysenteriae.

Results. The following compounds showed very little
bacteriostatic action and these data are presented below:!

(1) Acid fuchsine~all cultures grew in a dilution of
1 in 5,000.

(2) Thionin--B. cereus and E. typhosa were inhibited in

a dilution of 1 in 10,C00. All of the other cultures grew at
thies dilution.

(3) Roselic acid--Staph. gureus wes inhibited in the

1 in 10,000 dilutioh but grew in the 1 in 50,000 dilution.
B. cereus was inhibited in both the 1 in 10,000 and 1 in

50,000 dilutions, but grew in the 1 in 100,000 dilution. All
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of the other cultures grew in the 1 in 10,000 dilution.

(4) Erythrosin--All cultures grew in the 1 in 10,000 di-
lution.

(5) Nigrosine--All cultures grew in the 1 in 10,000 di-
lution.

(6) Elon--B. cereus was inhibited in a 1 in 5,000 dilu-

tion, all other cultures grew in thie 4ilvtion.

(7) Toluidine blue--B. cereus and S. dysenteriae were in=

hibited in a dilution of 1 in 10,000. All other cultures grew
in this 4dilution.

The experimental data obtained from the other comounds
tested are shown in the table IV series.

Discussion. In a tryptose broth medium brilliant green
loses much of its selective action for gram-nositive bacteria
and 21l of its selective action for E. coli. Using gentian
Qiolet or ethyl violet in a tryptose medium does not markedly
effect the bacteriostatic properties of tliese dyves, In a
tryptose broth bease, sodium azide exhibits "reverse bgcterio—
stasis" but the differential titers are too close for practical

use.
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Experiment V

Purpose. This is a continuation of evperiment IV to show

the bacteriostatic action of a mixture of bacteriostatic agents.
In this work only five cultures were used. The results are
presented in the table V series. The sodium lauryl sulfate
was Duponal Y. A. paste. 3.33 grans in 100 ml. were used as
a 1» golution.

Discussion. The addition of sodium lauryl sulfate to
brilliant green in a tryptose base had very little action. The
bacteriostatic action of the sodium lauryl sulfate was not
affected by the brilliant green. (Table V-4)

The addition of sodium lauryl sulfate to methyl violet 23
reduced, to some extent, the toxicity of methyl violet for
gram-negative bacteria, but had no apparent effect on the
gram-nositive organisms. (Tavle V-3B)

Sodium lauryl sulfate, when aided to acriflavine hydrochloride.
reduced the toxicity of this commound for gram-negative bacteria.
The mixture of acriflavine and ethyl purple gives a greater toxicity,
than either compound acting independently for both gram-positive
and gram-neg~tive bacteria. This did not occur when brilliant green

end methyl violet were mixed. (Table V-E)
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Part III

Studies on Selective bediz for Coliform Organisms

Any selective medium designed to be used in water analysis
rast be based on a thorough ¥nowledge of the bacterisl flora of
various types of woter. The basis of any method of water analy-
gis is to Aetermine the presence or absence of coliform crganisms,
The whole technic is hased on the thesis that when fecal contami-
nation occurs, coliforr bacteria will be nreseut in the water.
Elaborate technics hove been devised to perfect a medium that
will eliminate eny organism, or group of organisms, other than
the coliform group, that might possibly give a pnsitive test by
the technic employed.

An exhaustive s*tady has been nade ty Greer ani Greer and
associates of the various typss of organisms, other then coli-
form, found in water supplies. (12, 13, 1L, 15, 1b)

A gecond very complete discussion of both coliferm and non-
coliform lactose fermenting bacteria was publiched by Levine (17).
A coimprehensive review of the coliform bacteria was published bty
Parr in 19739 (1).

From a review of the cited references it was foundi that num-
erous non-coliform organisms have been isolated which have the
ahility to ferment lactose. Srecies of the germs Clostridium
hzave probebly been incriminated more than any other in false
rositive presumtive tests. Bergey (18) lists 18 species of
this genus that have the ability to feruent lactose with acid

and ses production. A few srore-forming and unou-svore-forming



gram-nositive, s2eroble rods have been described which have the
ability to ferment lactose. Crganisms such as B. aerosporus
(an aerobic spore-former, aunl Houston's "leather" bacillus,
described by Greer (12) have the ability to produce gas from
lactose. Greer also refers to mzny undescribed speclies that
are canable of lactose fermentation. Many streptococel and
staphylococci have the ability to ferment lactose without the
production of gas. This action mokes possible a gynergistie
fermentation of lactose. Members of ths genus Proteus, for
example, have the ability to produce‘acid and gas from dex-
trose, but not lactose. In a mixed bacterial populatinn grow-
inz in lactose broth’it is possible to have the lactose hydro-
lyzed by one speciee'and the resulting dextrose fermented with
gas production by a second species. This synergistic action
probably ceuses many false positive presumptive tests.

Other non-coliform lactose-fermenting bacteria are members
of the genera Erwinea and Klebsiella. These organisms, however,
are rarely found in water ond are of little significance in
water bacteriology.

With the inception of a definite technic for water analysis,
bacteriologists begen to devise methods for the elimineation of
tlicse non-coliform organisms. In part II of this theels the
eerly work concerning bacteriostatic agents has been reviewad.
Greer (15) has presented a review of the development of the
various selective nedia used in water analysis. The first selec=-
tive agent used for thils purpose was bile, which wes added to

lactose broth to inhibit the growth of the gram-positive bacteria,
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It was found, however, that the concentration of bile necessary
to obtein the desired results was inhibitory to the coliform
bacteria. Various media containing gentian violet as the selecw
tive agent were devised for use in water enalysis. COrystal
violet lactose broth, formate ricinoleate broth, fuchsin lac-
tcse broth, and brilliant green bile 2% lactose broths are now
recommended by "Standard Methods of Water Analysis" (19) for
the confirmation of positive presumptive tests.

Of these selective media the brilliant green bile medium
is the least toxic and most efficient in the elimination of
fals§ positive tests. The efficliency of this medium has been
reported by Muer and Harris (20) and Dunham and Schoenlein (21).
Jordan (22) reported that this medium was slightly superior to
plain lactose broth for the determination of coliform organisme
in water.

To warrant consideration in field tests any new selective
medium should be sunmerior totrilliant green bile 2% lactose brotk.

The following experimental deta are presented as prelimi-
nary work to the development of the selective medium presented
in reprint form end appended to this thesis.

A Comparison of Brillisnt Green angd
Ethyl Purple in a Bile Medium

In part Il it has been shown that ethyl purple (ethyl violet)
has high bacieriostatic action on gram-peositive organisms, with
relatively little toxicity for E. coli. This study wvas designed
to determine the effect of 2% bile on the selective action of

brilliant green and ethyl purple.
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The basic medium contained the following: beef extract, 0.7%;
Bact-peptone, 0.5%; Bacteoxgall, 2.0%; lactose, 1.0%. The pH was
7.C before sterilization., The dvee were added to obtain the concen-
trations indicated in tables VI and VII. The media were disvensed,
in 10 ml. amounts, into tubes containing fermentation inserts.

The tuves were then autecclaved for 2C minutes at 15 pounds pres~
sure. One 4 mm. loop of thz 2lehour broth culture was seeded
into the broth as indicated in the tabulated data. Incubation
was carried out at 37°C.

An exemination of the date presented in tables VI and VII
shows that although the e*lyrl purple bile medium was slightly
lees toxic for the coliform organieme, it was also less effi-
cient in preventing the growth of the sram-nositive bacteria.

It was conclnied fron these studies that an ethyl purple bile
medium would not be as efficient as the brilliant green bile
medium,

Tthyl Purple and Brilliant Green
Bile in Tryctose Broth

In tke appended reprint, Studies on Media for Coliform

Orzanisms, the value of trimptose hroth for the growth cof coli-
form organisms was definitely deuonstrated. Although the bac-
teriostatic titers in Part II indicated that brilliant green
would net be a suitable bacteriostat in a trﬁptose base, the
ccrbination of brilliant green and bile had not been studied.
The technic used in this study wes similar to that used in the
preceding study. Fourteen different media were tested using
different comvinations of orzanisms tiat would give trie and

false positive presumptive tests in selective and non~-

selective tynes of lactose broth,
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The "Mount Clemens" orgenism was an unidentified gram-rositive
rod incriminated in felse positive presumptive tests from the
Mount Clemens water plant. This organism had apnarently lost
its ability to produce gas from lactose. The results of these
tests are presented in the table VIII series,

The table IX series presents a comparison of brilliant
grecn bile tryntose, standard dbrilliant green bile and the
ethyl purple tryptose medium., In this series a more corpre-~
hensive group of organisms was used. The data obtained in
these studies are presented in tables IX-A and B.

A study of the data presented in the table VIII and IX
series justifies the followinz conclusiors. (1) Z:hyl purple
in dilutions of 1 in 100,000 to 1 in 200,000 exhibits slightly
less toxicity for coliform organisms than does the standard
brilliant green bile 2% medium. (2) The ethyl purple in a
1 in 200,000 dilution in tryptose broth inhibited the clostridia
in all tests in the VIII series. In the IX series this medium
failed to inhibit the clostridia in two instances (culture Mo.

2 in 116 hours and culture ¥o. 13 in Y48 hours). (3) The ethyl
vurple tryptose medium inhibited all of the aefobic gram-positive
orzaniems tested. () Brilliant green, even in high concentra~
tiors, in a 2% bile-tryptose medium failed to inhibit the clna-
tridia end mixtures of clostridis tected in this series. (5) Tne
brillisnt green 2% bile-tryptose medium inhibited all of the
scrobic gramepositive organisms tested. (o) The results obtained
using the standard brilliant green bile medium were abnut the

same as those obtained using the ethyl rurnle tryptose medium.

—
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This medium failed to inhibit the clostridie in two tubes as
shown in table VIII~D and did not inhibit culture Yo. 2 in

tavle IX-A, A mixture of clostridia and Pseudomonas aeruginosa

oroduced gas in this medium, as demonstrated in table IX-B.

(7) These studies have demonstrated that the ethyl purple tryp-
tose and standam brilliant green bile media are equally effi-
cient in inhibiting the growth of non-coliform lactose fer-
renting organisms. Heither medium is 100% efficient in its

designed selective action.

Growth Curve Studies of Selective
Media for Water Analveis

The preceding studies have shown that standard brilliant
green bile and ethyl purple tryptose broth are equally effi-
cient in their selective action. The next step was to deter-
mine the relative toxicity of these media for coliform organ-
isms. The technic used to demonstrste toxicity of selective
media has been outlined in the apnended reprint Studies on

Yedia for Coliform Organismg. The test organism for these

studies was B. coli (161).

The tabulated data showing the media studied and the bac-
teria counts after definite time periods are presented in tables
X, XI, XII~A and XII-B. A study of these data justify the fol-
lowing conclusions. (1) In two of the three growth curves the
ethyl purple medium was superior to the standard brilliant green bile
medium., In the data presented in table XII the standard dbrilliant
green medium was superior. (2) In testing the selective media now
recommended by standard methode it was found that in using E. coli:

Bacto crystal violet lactose broth was most toxic; Bacto fuchein
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lactose broth second; Bacto formate ricincleate broth third;
and Bacto brilliant green bile 2% was least toxic. (3) Ethyl
purple (1 in 200,000) in a basic medium containing 33 tryptose
was superior to basic media containing 2.0, 2.5, or 4L.C% tryp-
tose. (U4) Although ethyl purple, in a dilution of 1 in 200,000,
comoares favorably with the other selective media tested, it
does exert a mcrked toxicity for coliform orgzanisms.

To establishdfinitely the toxicity of ethyl purple in a
tryptose base another series of growth curves was run. As in
the preceding studies, E. coli (161) was used as the test or-
genism. These data are shown in tables XII-A and 3.

In 1938, Cowles (see aprended reprint) demonstrated the
value of sodium lauryl sulfate (Drene Shammoo) as a selective
agent incorporated in lactose broth. The toxlecity of the lauryl
sulfate was also -determined by means of a grcwth curve. The
resulte of this study ere presented in tavle XIII-3.,

A study of the deta presernted in tables XIII-A and B jus-
tifies the following conclusions: (1) Ethyl purvle, even in a
dilution of 1 in 500,000 is toxic for E. coli; (2) sodium leuryl
sulfete (as Drene Shammoo), in the dilution vsed, did rot inhibit
the growth of I. coli.

Because of its non-toxic action on coliform organisms, sodium
lauryl eulfate gave promise of teing an ideal selective agent. If
thie compound hed the ability to supnress noan-coliform lactose~
fermenting organisms it would be far superior to any other medium

now beirg used in water analysis.
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Teble XIV shows the data cbtzined in a preliminary bacterio-
gtatic study of sodium lauryl sulfate in a buffered tryptose~
lectose broth. This preliminary study indicates that this compound
has the ability to suppress the growth of aerobic'granhpositive
bacteria.

The second appended reprint, Uses of a Lauryl Sulfate Tryvtose

Broth for the Dectection of Coliform Orcaniems, completes the

studies of part III of this thesis.
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Uses of a Lauryl Sulfate Tryptose
Broth for the Detection of

Coliform Organisms’

W. L. MALLMANN, Pu.D., FA.P.H.A., AND
C. W. DARBY, D.V.M.

Section of Bacteriology, Michigan Agricultural Experiment Station,
East Lansing, Mich.

AN attempt has been made to
develop improved methods of
procedure for the isolation of the
coliform group from water, both quali-
tatively and quantitatively.  These
studies were undertaken primarily be-
cause of the fact that, seemingly in
various water supplies in various parts
of the United States, organisms were
passing through water purification
systems that caused intestinal upsets.
In many instances these water supplies
were meeting all bacteriological re-
quirements of a safe water supply. In
all instances the method of bacterio-
logical analysis was based on the
standard procedure of the American
Public Health Association.

Coupled loosely with these epi-
demics were observations by a number
of workers that longer incubation
periods and special technic demon-
strated the presence of organisms called,
for want of a better term, “ slow lactose
fermenters.”

Darby and Mallmann ! showed in a
laboratory study that the use of a new
nutrient, tryptose, caused many so-

* Journal Article No. 490 n.s. from the Michigan
Agricultural Experiment Station. Read before the
Laboratory Section of the American Public Health
Association at the Sixty-ninth Annual Meeting in
Detroit, Mich., October 10, 1940.

called “slow lactose fermenters” to
produce gas in greater quantities in a
shorter period of time. This was due
to the fact that this substance with a
few other chemical agents allowed a
more rapid growth of the coliform or-
ganisms and also caused a larger number
of the bacteria initially present to grow.
Thus an enrichment medium is avail-
able that grows a higher percentage of
the bacteria initially present in the
water in a shorter period of time than
the present standard lactose broth.

Many attempts have been made to
introduce into the primary lactose broth
tubes a selective agent which would pre-
vent the growth of Gram-positive bac-
teria and thus make the primary pre-
sumptive tests more significant. In all
cases where dyes have been used, such
as crystal violet, brilliant green, fuchsin,
and others, not only the Gram-positive
bacteria are inhibited but a marked
toxicity is also exhibited for the Gram-
negative organisms. In using the
selective agent in the primary medium
many coliform bacteria are inhibited
and lower colon indices result. The
Standard Method Committee of the
American Public Health Association has
never accepted any of these for
primary use for this reason.
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TasLE 1

The Bacleriostatic Titers of Surface Tension Depressants

W

Dilutions of Compounds
—A

Compounds Test Organisms *

E. coli
Streptococcus

S. aureus

B. megatherium

E. coli
Streptococcus
S. aureus

B. megatherium

E. coli
Streptococcus
S. aureus

B. megatherium

E. coli
Streptococcus
S. aureus

B. megatherium

E. coli
Streptococcus
S. aureus

B. megathcrium

Aerosol — M.A.

Nacconol
N.RS.F.

Duponol W.A.
Paste

Santomerse #1

Tgepon T

SEid LLTE LI+ DL et

* Incubation 37° C. for 48 hours

In 1938, Cowls? demonstrated that
the addition of sodium lauryl sulphate
to lactose broth gave a medium selec-
tive for the coliform group.

Before adopting sodium lauryl sul-
fate in these studies the writers tried
a number of wetting agents with the
object of selecting the best preparation.
In Table 1 are presented a few com-
pounds to show the selective properties
of these preparations. It will be ob-
served that Nacconol N.RS.F. and
Duponol W.A. Paste are equal in selec-
tivity, both as to organisms and degree
of action. It will also be observed that
two other wetting agents, namely,

~

4
N

1-10T

h.
I
S

1-20T 1-30T  1-40T

4 [ FI+ P F LN+ T
44+ |+ [ A At
F4++4+ ++H++ [ FHF AT
bt [ H L At
dd 4+ ++++ FH++ A+ T
b b+ HH++ A+ + At

Aerosol M.A. and Igepon T. have mo
selective action. In Table 2 are pre-
sented the surface tensions of these
compounds. The data show that the
surface tension depressing action is
about the same for all of these products.
It is apparent that the reduction in sur-
face tension alone is not the cause of
the selective action.

To check the toxic properties, growth
curves were made to determine the
effects of various concentrations of the
wetting agents on the rate of growth
of the coliform organisms. In Table}
are presented the bacterial counts which
were obtained. The wetting agents

TABLE 2

The Surface Tensions of Several Wetting Agents in a Tryptose Broth Base

Surface Tension in Dynes * at the Following Dilutions
— A

a e
Compound 1-100 1-1T 15T 1-10T 1-20T 1-30T 1-40T 1507
Aerosol AY. 33.37 36.66 — — _ _ _ -
Nacconol N.RS.F. 36.19 36.66 37.60 37.14 38.54 40.89 4137 WO
Duponol W.A. 33.37 39.95 39.01 39.95 39.49 42.30 43.24 4.0
Santomerse 1 36.66 36.66 — — — _ — -
Igepon T 36.66 36.66 — —_— . _ _ -
Base Medium 55.94 — — — - . _ L -

¢ Taken at 25° C. from autoclaved samples.
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TasLe 3

The Efiecct of Surface Tension Depressants on the Growth of Escherichia Coli
in a Basic Tryptose Medium

Concentration
of Number of Bacteria per cc.
Compound A .
Compound (Per cent) Inmitial 3 Hours 6 Hours 10 Hours
Nacconol N.R.S.F.
1-100 1 56 5,700 1,260,000 480,000,000
Duponol W.A. Paste
1-100 1 39 5,900 1,290,000 480,000,000
Base Medium * — 67 15,700 10,200,000 1,280,000,000
Nacconol N.R.S.F.
1-10,000 0.01 64 24,200 5,860,000 990,000,000
Duponol W.A. Paste
1-10,000 0.01 78 29,500 15,020,000 1,040,000,000
Base Medium * —_ 81 37,700 18,360,000 990,000,000
Bacto Formate
Ricinoleate Broth 71 3,000 340,000 59,000,000
* Base medium consists of Bacto-tryptose—2%; lactose—0.5%; NaCl—0.5%; K,HPO,—0.4%;

KH,PO,—0.15%; pH after sterilization—6.8%

show some toxicity at concentrations of
1:100, but at concentrations of 1:10,000
no such effect is shown. These products
therefore make possible the addition of
a selective agent to a primary medium
without the attending toxic effects on
the organisms desired.

An ideal medium would appear thus
to be the tryptose lactose broth plus
1:10,000 dilutions of Duponol W.A.
Paste (sodium lauryl sulfate) or
Nacconol N.R.F.S.

To check the value of this medium in
laboratory work the Difco Laboratories
kindly supplied the base broth medium.
The following laboratories collaborated
in these studies: Detroit Board of
Health, Water Purification Plants at

Detroit, Highland Park, Wyandotte,
Flint, Saginaw, and Bay City, Mich.
The same medium was used in all

tests. Data were submitted to our

laboratory for comparative study.

A comparison was made by testing
three media in parallel, namely, stand-
ard lactose broth, lactose tryptose broth,
and lauryl sulfate tryptose lactose
broth. The results on tap waters for
6 plants are presented in Table 4.
Using lactose broth, 238 tubes showed
gas but, upon confirmation with bril-
liant green bile broth, only 4 tubes were
confirmed. Lauryl sulfate tryptose lac-
tose broth, on the other hand, showed
gas in only 3 tubes and all of these
tubes confirmed.

TaBLE 4

A Comparison of Standard Lactose Broth,

Tryptose Broth and Lauryl Sulfate Tryptose

Broth as Primary Media for Tap Water Samples

No. of Tubes Skowing Gas
A\

No. Tubes Confirmed
—A

No. Tubes ) —

Source of Samples Tested L.B. T.B. LS.T.B. L.B. T.B. LS.T.B.
Flint 498 61 4 0 0 1 0
Wyandotte 240 25 4 0 4] 0 0
Detroit-Springwells 126 16 2 0 0 0 0
Detroit W.W.P. 96 34 18 0 0 0 [
Saginaw 204 59 35 0 0 0 0
Bay City 384 43 s 3 4 3 3
Total 1,584 238 68 3 4 4 3

1L.B. denotes lactose broth.
$L.S.T.B. denotes lauryl sulfate tryptose broth.

[



130

AMERICAN JoURNAL oF PuBLIC HEALTH

Feb., 1941

TABLE §

4 Comparison of Standard Lactose Broth and Lauryl Sulfate Tryptose Broth as Primary
Media for Tap Water Samples—Highland Park, Mich.

No. of Tubes
Period of Examination Tested
Mar. 6, 1939-May 28, 1939 585
May 29, 1939-Aug. 8, 1939 825
Aug. 9, 1939-Feb. 20, 1940 2,100
Total 3,510

1L.B. denotes lactose broth.
2 L.S.T.B. denotes lauryl sulfate tryptose broth.

An interesting observation is the fact
that only 68 tubes showed gas in
tryptose broth, although no selective
agent had been added. The writers are
not prepared at the present time to offer
any explanation of this selective action.
In Table 5 are presented the data for
tap water tested at the Highland Park
Filtration Plant over a period of one
year. These data are presented in
groups to show the effect of seasonal
change on the number of tubes showing
gas in lactose broth that do not con-
firm. ‘An examination of this table
shows that of 3,510 tubes tested, 107
produced gas in lactose broth but none
confirmed. In lauryl sulphate tryptose
broth 2 tubes showed gas but failed to
confirm. These data are very similar
to the ones presented from the various
laboratories in Table 4.

When comparative tests were made
on polluted raw water the results were
slightly different. ~ For example, in
Table 6, which shows a comparison of
the tests at Flint, Saginaw, and Detroit,

No. of Tubes Showing Gas XNo. Tubes Confirmed
A

—
L.B?

-
LST.B?

59
38
10

107

N!OON

it will be observed that 454 tubes
showed gas in lactose broth of which
only 32 failed to confirm. On the other
hand, 469 tubes showed gas in lauryl
sulfate tryptose broth and 43 failed
to confirm. As judged by these dat,
it would appear that the latter medium
fails to hold back organisms which are
not members of the coliform groups.
In all cases confirmations were made
with brilliant green bile lactose broth.

Because of the failure for confima-
tion on tubes from raw water our study
with the various plants was discontinued
until further information could be ob-
tained. In order to determine the type
of organisms which were failing to be
inhibited by the lauryl sulfate, Mr.
Dahljelm of the Highland Park Filta-
tion Plant kindly consented to send &
tubes of lauryl sulfate tryptose broth
that failed to confirm on either eosin
methylene-blue agar or brilliant green
bile broth. As soon as these tubes were
received at our laboratory they wer
plated on various media to isolate the

TABLE 6

A Comparison of Standard Lactose Broth, Tryptose Broth and Lauryl Sulfate Tryptose Broth
as Primary Media for Polluted Raw Water Samples

No. Tubes Showing Gas
— A

No. Unconfirmed Tubes
A

~ N (e
Source of Sample L.B. T.B. LS.T.B. .B T.B. LSTB
Flint 193 211 212 3 16 0
Saginaw 98 91 91 2 1 3
Detroit-Springwells 83 85 85 21 18 1
Detroit-W.W.P. 80 83 31 6 6 3
Total 454 470 469 2 41 8

1L.B. denotes lactose broth.
2 L.S.T.B. denotes lauryl sulfate tryptose broth.

¥egs,
g
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organisms present.  Various typical Tables 7, 8, 9, and 10, samples which
colonies were picked and transferred to failed to confirm in lauryl sulfate tryp-
suitable media for examination. In all tose broth are reported. It will be ob-
instances where tryptose lactose broth served that in each instance members
was used we were able to isolate from of the coliform group were isolated from
these tubes members of the coliform tubes which failed to confirm on either
group. In the following tables, a num- brilliant green bile broth or E.M.B.

ber of such samples are reported. In agar.

TABLE 7

A Comparison of Standard Lactose Broth and Lauryl Sulfate Tryptose Broth on Raw
Water—Highland Park, Mich., July 5, 1939—9 A.M.

Amounts of Water Tested
A

, 10 cc. 10 cc. 10 cc. 10 cc. 10 cc.
A A PR, —
. r N N
Medium Incub. Time Gas Conf. Gas  Conf. Gas Conf. Gas Conf. Gas Conf.
Lact. broth 24 hr. 0 0 [¢] 0 [
48 hr. 0 10 —_ 0 50 —_ 0
LS. Tryp. broth 24 hr. 0! 0 02 0*
48 hr. 5 — 5 + 5 + 10 — 10 —_
1 Aerobacter
? Aerobacter
$ Aerobacter
TaBLE 8

A Comparison of Standard Lactose Broth and Lauryl Sulfate Tryptose Broth on Raw
Water—Highland Park, July 7, 1939—3 P.M.

Amounts of Water Tested
A

r
10 cc. 10 cc. 10 cc. 10 cc. 10 cc.
. —t— —
Medium Incub. Time Gas Con/f. Gas  Con/. Gas Conf. Gas Conf. Gas Conf.
Lact. broth 24 hr. 0 0] 0 0 0
48 hr. 10 — 10 — o] 30 + 0 —_
L.S.T. broth 24 hr. 0 0! 0 2 03
48 hr. 0 4 —_ 0 10 —_ 10 —
! Aerobacter
2 Not checked
3 Aerobacter
TABLE 9

A Comparison of Standard Lactose Broth and Lauryl Sulfate Tryptose Broth on Raw
Water—Highland Park, July 10, 1939—9 AM.

Amounts of Water Tested
A

10 cc. 10 cc. 10 cc. 10 cc. 10 cc.

. —— . . A
Medium Incub. Time Gas Conf. Gas Conf. Gas Conf. Gas Conf. Gas Conf.
Lact. broth 24 br. 0 0 0 0 0

48 hr. (4] i0 —_ 0 0 0
LS.T. broth 24 hr, 0! o] 02 0 1]
48 hr. 10 — 10 + 10 — 10 + 30 +

1 Escherichia
3 Aerobacter
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TaBLE 10

A Comparison of Standard Lactose Broth and Lauryl Sulfate Tryptose Broth on Row
Water—Highland Park, July 7, 1939—3 P.M.

Amounts oll’ater Tested
DR
10 cc. 10 cc. 10 cc. 10 cc. 10cc.

—r —r

Medium Incub. Time Gas Conf. Gas Conf. Gas Conf. Gas Conf. Gas Conf
Lact. broth 24 hr. 0 0 0 0 0
48 hr. 10 — 10 — 0 30 + 0
L.S.T. broth 24 hr. 0 o1 0 02 0

48 hr. 0 5 — 0 10 —_ 0 -

1 Aerobacter
3 Not checked
8 Aerobacter

These observations demonstrated that
apparently the confirmatory media
either caused the organisms to lose their
ability to ferment lactose or inhibited
these organisms from growing. It also
demonstrated that in many instances
tryptose broth will allow organisms to
grow and produce gas that otherwise
failed in lactose broth.

In order to follow through more
closely the results which might be ob-
tained from the two methods under
study, a laboratory procedure was set
up for checking the water samples sub-
mitted to our laboratory. Due to the
amount of work necessary in the con-
firmations which we made it was impos-
sible to ask any of the water purification
plants to carry on this type of survey.

In each instance the sample of water
was plated in parallel on standard lac
tose broth and lauryl sulfate tryptose
broth. At the end of the 48 bow
period for gas formation, E.M.B. ag
plates were smeared from all tube
showing gas on both media. After the
proper incubation of these plates, o
servations were made for the type o
colony. If typical colonies were mi
obtained, atypical colonies were fisbel
and planted to lactose broth and tryp-
tose lactose broth for confirmation. I
gas failed to appear in the lactose brott
tubes, transfers were then made to the
tryptose broth. The selected result
are presented in Table 11 for lactos
broth with confirmation on EM.B. a
plates, followed by checking ¢

TasBLE 11

Comparative Confirmation Tests by Parallel Plantings from E.M.B. Plates to Standard
Lactose Broth and Tryptose Broth

sas . ot broth
Somple (11)12'[:.:” Ifacif E.M.B. from Lact. Broth Trypt. Broth T’:oill::
No. Broth Lact. Broth from E.M.B. from E.M.B. Broth
12 3 4 5§11 2 3 4 5|1 2 3 4 5{1 2 3 4 §5|1 23¢4;°
4 33 3 3 —+*+ + + - - — — 10 20 20 10 —+ + + +
44 53 3 3 —|+ + 4+ + 200 — — — 30 30 20 1§ + + 4
46 20 S 1 1 1E' + 4+ 4+ — 7 - — 30§ — +
65 1 5 5 3 5|+ 4+ 4+ 4+ +|— 2 2 — —|{10 10 — S S|+ + +-
89 303 3 3 3Z+ + 4+ 4+ +H|— — — — — 10 20 10 5 S+ + ++-
95 60 90 40 70 90}A? Cl3 + + E —_ — 2 40 + 4
9 40 15 30 10 40+ CL CL CL Cl|— - -
104 20 50 40 — —|+ + + _ - - 10 4 3 + + +
140 — 3 3 3 5 + + + + — — 3 5 3 8 + ++°
187 2 — 10 — 2+ A - — 3 3+ ‘
261 50 S0 SO0 SO —E + 4+ + —_ — — 3 3 2 + 4

* | indicates atypical colonies.

1 E indicates typical Escherichia colonies.
2 A indicates typical Aerobacter colonies.
3 Cl. indicates presence of Clostridia.
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TABLE 12

Comparative Confirmation Tests from Lauryl

Sulfate Tryptose Broth by Parallel Plantings

from EM B. Plates to Standard Lactose Broth and Tryptose Broth

Sample P‘}'o Cf::‘ iz‘_’" P;:) c;: d ch" T"" E.M.B. from Lact. Broth Trypt. Broth

No. Broth Broth LS.T. Broth from E.M.B. from E.M.B.
1T 2 3 4 5/1 2 3 4 5|1 2 3 4 5(1 2 3 4 5|1 2 3 4 5

43 3 3 3 3 —5 5 5 5 s|+*+ + + +|— — — — 3|10 10 10 10 10

4 5 3 3 3 —[5 5 — 10 5|+ + + +j10 2 —  2[30 30 25 25

46 20 S 1 1 1S 5 510 S+ A + + +|— — 1 2|1 2 2 S

65 1 5 5 3 s/10 10 40 40 —A + A Es — 5

89 3 3 3 3 35 5 s S S|+ + + + +H——— — — 5 5 5 30 30

95 60 90 40 70 90{40 3 — — —|+ E — 10

96 4 15 30 10 40— — — — —

104 20 50 40 — — 3 2 2 — —+ + + - — 3 3 3 3

140 — 3 3 3 ss 5 5 s 33+ + 4+ + +j— 3 3 10 1001 70 20

187 2 — 10 — 2— 5 5 — — + _— 13

261 50 S0 SO SO S0— — S5 10 — + A — 2

* 4 indicates atypical colonies.
1A indicates typical Aerobacter colonies.
*E indicates typical Escherichia colonies.

colonies on lactose broth and tryptose
lactose broth. It will be observed from
these data that many instances have
appeared wherein atypical colonies on
~ EM.B. agar plates obtained from lac-
tose broth failed to produce gas in
lactose broth. When transferred to
- tryptose broth, gas was produced in
- considerable quantities.
*- when negative lactose broth tubes were
" transferred to tryptose lactose broth,

Furthermore, .

gas production was obtained. These
data thus confirmed the observations
made at Highland Park that EM.B.
and brilliant green bile cannot be used
as confirmatory media if it is desired
to obtain confirmation on all coliform
organisms which appeared in lactose
broth. In Table 12 are presented the
results for parallel planting of the
samples shown in Table 11 on lauryl
sulfate tryptose broth. It will be ob-

TABLE 13

Comparative Colon Indices Obtained by Parallel Plantings by Standard Methods and
Lauryl Sulfate Tryptose Broth

Stand. Methods L.S.T. Broth Method
Sample - A N A
No. Gas*Index Confirmed Index  Trypt. Broth Conf. Gas Index Trypt. Broth Conf.
4 8 0 8 10 10
44 8 2 8 8 8
46 10 2 6 10 10
49 4 0 0 0 0
65 10 4 8 8 8
75 2 0 2 0 0
89 10 0 10 10 10
95 10 4 4 4 4
96 10 0 0 0 0
103 2 0 2 6 6
104 6 0 6 6 6
140 8 0 8 10 10
187 6 , . 4 4
200 10 0 4 10 10
230 2 2 2 2 2
s 6 2 6 8 8
261 8 2 8 4 4
Average 7.05 1.3 5.0 5.9 5.9
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served that the same picture obtained
as in the case of the lactose broth, except
that a higher incidence of coliform
organisms was obtained. It will also
be observed that gas production was
not obtained in the lauryl sulfate tryp-
tose broth when coliform organisms
were not isolated by the confirmation
technic used.

In Table 13 are presented compara-
tive colon indices obtained by parallel
planting by standard methods and
lauryl sulfate tryptose broth. It will
be observed that the gas indices ob-
tained in standard broth are much
higher than the confirmed indices ob-
tained by confirmation through E.M.B.
agar and lactose broth. Where tryp-
tose broth confirmation was made, the
colon indices obtained compare favor-
ably with the gas indices made from
the standard lactose broth. The colon
indices obtained from the parallel
planting in the lauryl sulfate broth by
confirmation in tryptose broth were
the same as the gas indices obtained in
this medium.

These data show that the confirma-

AMERICAN JoURNAL oF PuBLic HEALTH Feb., 1941

tory media used at the present time in
standard methods act as suppressing
agents to the coliform organisms and
produce a lower colon index than would
be obtained if more suitable confirma-
tory media were used.

These data also indicate that in
lauryl sulfate tryptose broth gas pro-
duction could serve not only as a pre-
sumptive test but also as a confims-
tory medium for routine testing. It
has been our observation that, when
gas is produced in lauryl sulfate
tryptose broth, confirmation is always
obtained.  These data should be
checked further in routine laboratories,
but until a satisfactory confirmatory
medium for checking gas production in
lauryl sulfate tryptose broth is de-
veloped, the results obtained would not

check with those obtained in this
research.
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