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I. INTRODUCTION

Surface-active agents are pustomarily defined as
gubstances which sglter the energy reIétionships at inter-
faces. In this category are included such agents as deter-
gents, emulsifiers, wetting agents, and similar substances,
gome of which demonstrate bactericidal or bacteriostatic
action. Because the term "surface-sctive agent" is Such a
general one, the present tendency is to classify these com-
pounds as wetting agents, detergents,'eté}, according to
the functions they best perform.

Since the effectiveness of synthgtic surface-active
agents as soay substitutes was discovered during World War I,
sn increasing amount of industrial research has been devoted
to the development of these compounds. 4s a result, within
the last 15 years a tremendous guantity of such products has
appeared on the market. The rapidity with which they were
developed, however, did not pemmit the thofbugh, basic re-
gearch necessary to define clearly the relationship between
these compounds and their biological activities.

Nevertheless, a vast amount of literature concern-
ing them has been published. Many of these papers have been
excellent, clarifying numerous aspects of the relatiénship
between surface-active agents and bacteriological activity.
Some others, however, have reported experiments demonstrating
5acteriostatic and germicidal action of surface-active agents
which could not be duplicated in other laboratories, or, for

that matter, in the same laboratory. This was due, in some




cases, to inadequate definition of conditions under which
the tests were made, and in others to the inspplicability
of the test employed (for example, use of the Phenol=-
Coefficient Method with quaternary asmmonium compounds).

The majority of the research on the influence of
gurface-active agents on bacteriological activity has been
directed toward establishing the critical killing concen~
trations for these compounds, determining their optimum pH
range, studying their effect on bacterial metabolism, or
investigating the relationship between their chemical struc-
ture and their bacteriological activity. In several of the
more recent studies, an attempt has been made to incorporate
as many of these objectives as possible in one investigation.
However, the procedure has been to observe the effects of..
gsurface-active agents on bacteriological activities only over
periods of limited duration, varying from 5 to 90 minutes.

In such a short time, killing concentrations or optimum pH
ranges for the compounds could be egtablished, but the effects
on bacterial activity of prolonged exposure to weaker concen-
trations could not adequately be studied or interpreted.
Moreover, in most investigations, arbitrary killing and non-
killing concentrations of theée synthetic agents have been
gselected for study. This has led to a restricted apprraisal

of the agents' effect on bacterial growth.

The chief purpose of this investigation is to pre-~
sent a systematic study of the effects of certain synthetic

anionie, cationic, and non-ionic agents on the growth of




cultures of Escherichia coli, Salmonella paratyphi B, and

and Staphylococcus sureus. The surface-active agents were

~

tested in varying concentrations with a medium of varying
pH. Measurements of bacterial growth, pH shift, and surface

tension were made at definite intervals during 24-hour peri-

ods. Throughout, the internt has been to explain more fully

the accepted generalizations concerning the influence these
agents exert on bacterial activity, rather than to seek re-

gults having practical applications.
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II. HISTORICAL SURVEY

Prior to 1914, the only surface-active agents known
were soaps and sulfonated castor oile.e Shortly thereafter,
with the introduction in Germany of alkylated naphthalene
sulfonates, ahVextensive development of these compounds took
place in the United States. Production rose from zero pounds.
in 1928 to 125,000,000 pounds in 1945 (63). At present,there
are over 500 different synthetic surface-active chemical prod-
nets commercially available on the U.S. market (60).

Some of the earliest studies on the influence of
gurface-active agents or bacteria were made with sodium
_oleate. Lamar (42) demonstrated increased susceptibility of
pneumococei to serum lysis after treatment of the organisms
with sodium oleate. Avery (5) noted that its addition to
culture media prevented the growth of pneumococcus snd strep-

tococcus, while incressing the growth of Bacillus influenzse.

The work of Bayliss and Halvorson (9) substantiated the se-
lective bactericidal action of the unsaturatead soap.

A series of experiments on the effects of surface
tension on bacterial growth were undertaken about the same
time. Iarson et al (43) noted that pellicle-formers ceased
to grow at the surface when the tension of the medium was re-
duced below 456 dynes per centimeter by soaps. Poor growth
of streptococci and pneumococel in media at 45 dynes per cen-
timeter was also described. Frobisher (20) suggested a pos-
sible means of differentiating bacteria on the basis of their

ability to grow at low surface tensions. Marshall (47) noted




that in media of different surface tension, bacteria appear
to nave different rates of growth and different gas metabo-
lisms. However, the correlation of these variables revealed
no systematic variation. He likewise pointed out that, "as
regards relationship between surfsce tension ana 5acterial
growth, the data can be considered as little more than sug-
gestive. After all, the relationship between the surface
tension at»the air-medivin interface is not necessarily a
function of the surface energy :elationships at the organism-
medium interface in any way ..." Marshall's statement is
considered valid to the present day.

The role of pH in the bacteriostatic and bacteri-
cidal properties of surface-active agents has merited a great
desl of investigation. Eggerth (17), in 1926, reported that
there weré optimum pH ranges for bactericidal activity for a
series of soapse. He found the lower members of the saturated
series more active in an acid range, while the higher members
were more bactericidal at increased pH levels. Dunn (15),
in 1937, pointed out that, at an alkaline pH, alkyl dimethyl
benzyl ammonium chloride was a more efficient bactericide
than at neutral or acid pH. Gershernfeld (22) demonstrated
greater bactericidal action for Aerosol OT with a decrease
in pE. In s later paper (24), he showed that Triton K-12, a
cationic agent, was most effective in an alkaline range,
while the anionics Tergitol 4 and 4T were more efficient in
an acid range. The work of Baker et al (6) substantiates

these findings. Hoogerheide (21) contrasted the relative
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bactericidal power of CTAB at pH 8 and pH 5, and concluded
that at the alkaline pH level the quaternary ammonium salt
could more easily withstand dilution and still maintain ger-
micidal activitye.

Since 1935, a number of papers have appeared in
which the relationship of surface-active agents to biological
activities is discussed. Katz (34) found that dilutions from
1-107 to 1=50T of the sodium salt of_di-secondary butyl naph-

thalene sulfonic acid caused Mycobacterium gsmegmatis to as-

gume involution forms. Bayliss (10) demonstrated the ability
of sodium oleate and sodium linoleate to detoxify diphtherias .
toxin., In 1937, the same author (11l) showed the lysing ef-
fect of sodium lauryl sulfate on bacteria. Gale and Taylor
(21) 1ikewise demonstrated lysis with subsequent release of
amino acids. The destruction of pathogenic fungl by alkyl-
dimethyl=-benzyl ammonium chlorides (16), and the cysticidal
power of cationic agents (19) extended the 1list of potential
uses for these synthetic compounds. 4Anson (3), in his very
important work, demonstrates the ability of synthetic deter-
gents to denature such proteins as hemoglobin and egg albumin
at their isoelectric points. KXramer (39) treated Strepto-
coccus hemolyticus, Salmonella typhosa, and Bacillus subtilis

with various wetting agents, and succeeded in rendering these
bacteria filtrable through-siliceous filters. Stock and Fran-
cis (59) were able to prove that influenza virus could be in-
activated by certain of the higher fat acids. The inhibition

of immunological reactions was pointed out by Holmes (30).



Many researchers have formulasted theories (the
majority of which are in agreement) concerning the mode of
action of the synthetic surface-active agents on bacteris
and biological systems. Baker et al (6) favor the theory
that at the optimum pH for bactericidal action, there is an
alteration of bacterial membrane or protoplasm, rendering
the bacteria more susceptible to the surface-active agents.
They also contend that at the optimum pH the formation of
undissociated molecules of the synthetic agent is favored,
and that these undissocliated molecules hive a greater sbil-
ity to enter the bacterial cell and cause its destruction.
Herein they conéur with the findings of Osterhout (48) in
his experiments on large plant cells. In a later paper,
Baker et al (8) suggest that the disruption of the normal
function of the bacterial cell is dependent on a twofold
action: first, the cell membrane is disorganized as a re=-
sult of the great surface activity of the synthetic agents,
and second, certain proteins which are vital for metabolism
and growth are denatured. Valko (61) suggests that two types
of molecular forces are involved in the interaction between
surface-active agents and proteins (bacterial cellsg) --
first, the intrinsic affinity and second, the electrostatic
coulombic forces of both the protein molecule and the ad-
gsorbed ions, both of which carry free electric charges. The
investigations of Hotchkiss (32) have ied him to believe that
there are three main stages in the bactericidal activity of

surface~active agents. 1) Interaction of surface-active




agents and bacteria results from the attraction of opposite
charges. 2) All the soluble nitrogen and phosphorus com-
pounds are released from the cell, providing the hydrophobic
group of the surface-active agent has the appropriate affin-
ity for the bacterial surface; The cells are now dead, al-
though they may still give evidence of =2 very low metabolism
and appear unchanged morphologically. 3) Autolysis sets in,

and a greatly increased release of nitrogen and phosphorous

follows.




ITI. MATERIALS AND EQUIPMENT

A. Culture Medium

The bsasic medium was composed of the following
ingredients™:
XH, PO, - 0.1 percent
K,HPO, - 0.1 percent
KacCl - 0.1 percent
a, COz - 0.1 percent

(NH, ), SO, - 0.1 percent

MgS0y - 0,005 percent
KC1 - 0,0025 percent
Peptones®*- 1,0 percent

Distilled H, O - 1000 ml.
(Unadjusted pH of medium was 7.4.)

In order to effect comﬁlete solution of the Naacos,
5 cec. of 1 I HC1 per liter of broth were added to the broth
prior to sutoclaving. The medium wag autoclaved at 15 pounds
pressure for 20 minutes.

This broth was used in all the experiments except
those specifically noted otherwise.

Plain agar at approximately pH 7 (1.2) was used for

all plating purposes. Its composition was as follows:

* Traces of Ca and Fe were also present.

** Only pifco Peptone, Lot No. 363113, was used in all media.
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Peptone 5 grams

NaCl

5 grams
Beef Extract - 3 grams
Agar

15 grams

Distilled H,0 - 1000 ml.

B. Surface-~Active Agents

The surface-active agents employed in the tests
are listed in Table 1.

To facilitate understanding of these agents, a
brief description of each, as supplieq by the manufacturers,

is herewith presented.

Duponcl OS is an amber-colored, oily liquid, only par-

tially soluble in H,0. It is an oil-soluble emulsifying agent
which combines the emulsifying properties of the alcohol sul-

fates with the homogenilizing prOperfies of the fatty alcohols.

Icepon AP Extra is a fine, light cream=-colored powder

which dissolves readily in hot water. It is a synthetic

detergent used mainly for the processing of wool.

Tergitol 7 is a colorless, syrupy solution. It is used

principally as a wetting agent in the processing of wool,
leather, paper, etc. It is likewise a powerful penetrating
agente.

Nacconol NRSF is a light, flaky compound. Although it

is intended primarily to be used as a detergent, it also dis-
rlays antiseptic, bacteriostatic, and moth-proofing proper-

ties in water solution or in o0il emulsions.
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Nekal BX High Concentration is a fine, white powder,

very readily soluble in warm water with neutral reaction. .
It is characterized by strong wetting action and possesses

dispersing and emulsifying properties,

Roccal is usually sold in a l1lO0-percent water solution.
It is recommended for sanitization of equipment associated
with food-processing plants, as a bactericide, fungicide,

etc. Phenol coefficients at 20 degrees C. égainst's. typhosa

and S, aureus are 250 and 279 respectively.*

CTAB is a fine, white powder soluble in hot water. Its

phenol coefficient against S. aursus is 200 to 250, ana

against S. typhosa is 1285 to 175.

LPC is a colorless, 30-percent water solution of lauryl
pyridinium chloride. Its phenol coefficient against S. aureus

is %250 and against S. typhosa is 165. It is used as a germi-

cide, fungicide, and wetting agent.

Emulphor ON is a wax-like, nonionogenic, water-soluble,

organic substance with marked emulsifying, dispersing, and

gsurface-active properties.

Triton X-100 is an amber, oily liguid. It is used as a

wetting agent, emulsifier, detergent, and dispersant.

* The compound of Roccal used in most of the tests described

in this psper, however, was a fine, white powder labelled as
follows: 1 ounce of powder to 4 gallons of water gives a 1
to 2000 concentration of Rocecal.



12

- TABLE 1
SYNTHETIC SURPACE-ACTIVE AGENTS USED

, Percentage
Name of Compound Chemical Designation of Active Manufaoturer
Ingredient
Mnionic |
: Mixture of two parts of
Duponol 03 oleyl alcohol and one 95 to 100 E.I. DuPont de Nemours and Co., Inc.
(SH~2536 )% part cyolic amine lauryl Tilmington, Del.
alcohol sulfate
Igepon AP Eitra Sodium sulfonate of an ]
(10339) oleic acid ester of an | 51 General Dyestuff Covp.
(481-15916) aliphatic compound Chieago, Ill.
6,y H3300,0,8,80,Ha
C,H, CHC,H, CHC,H,CH( C,E,), Carbide and Carbon Co.
Tergitol 7 I I | 25 Detroit, Mich.
C,H 80, Na ‘ '
Nacconol NRSF Alkyl aryl sodiun National Aniline Division
(B.C, £6129) sulfonate 85 Allied Chemical and Dye Corp.
_ ¥.Y. 6, N.Y.
Nekal BX Sodium alkyl naphthalene 80 Genersl Dyestuff Corp.
High Concentration | sulfonate * Chicago, Ill.
Cationic
Alkyl dimethyl benzyl Winthrop Chemicals Co.
Roceal amnonium chloride 3 to 3.5 §.Y, 13, V.Y,
(alkyl = C4 %0 C ) ‘
(4B Cetyl trimethyl ammonium 95 to 100 Rhodes Chemical Corp.
bromide} Plainfield, N.Ju
Liquid IPC Lauryl pyridinium : 26 Hooker Electrochemical Co.
chloride ) Nisgra Falls, H.Y.
Non-Ionic
Emulphor ON Polyethylene ether of a 100 Genersel Dyestuff Corp,
(540, 297) - long-chain fatty alcohol Chicago, Ill.
Triton X-100 Alkylated aryl poly-ether 100 Rohm and Haas Co.
4 aleohol Philadelphia, Pa.

* A11 numbers in parentheses signify lot numbers and/or code numbers.
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0. Bacterial Cultures

1. S. paratyphi B # 154 - furnished by The Mich-

igan Department of Health Laboratory, Lansing, Michigan.

2. Hemolytic S. aureus #2 - furnished by The Mich-
igan Department of Health Laboratory, Lansing, Michigan.

3. B, coli - isolated from a contaminated well-
lwater sample submitted to the Michigan State College Depart-

ment of Bacteriology for anslysis.

411 three organisms were rechecked for typical bio=-

chemical reactions and found to be pure, representative

cultures.

Do Eouipmenf

In addition to the regular laboratory equipment, a
Number 705620 Simplified Cenco-du Ifouy Tensionormeter, a Beck-
man pH Meter (Model G), and a Tumitron Colorimeter, Model

Number 400, manufactured by the Photovolt Corporation, W.Y.C.,

were employed.
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IV. EXPERIMENTAL PROCEDURE

A. Preliminary Studies

1. Choice of Medium

It was thought desirable to use a single, simple
medium which would permit good growth for all three organ-
isms used in this study. At firgt, an attempt was made to
employ a chemically defined medium. Sodium malate, casamino
acids, dextrose, and peptone were used individusally and in
combinations with a basic salt solution. The simplest medium
which permitted the three types of bacteria to grow luxuri-
antly in a 24-hour period was the one described in the sec-
tion entitled "lMaterials and Equipment."

The choice of salts was based on a modification of

those suggested by den Dooren de Jong (12). and Koser (Z8).

2. Selection of pH Ranges
On the basgis of the data presented in the follow-

ing table, the three pH ranges used in this study were

establigshed.
pH Ranges
4.8 5.0 5.2% 5.4 7% 7.8 8.0% 8.2 8.6
E. coli +4+t +t+d ddtd bbbt rbdt Fdd Ftd dFe &

Se vAratyphl B a4+ +t+t +tbd dhdd Sdtt +3F bbb P+ P

S. aureus + o dpt bbbt Sdd Fhd b ++  ++

* Ranges selected for this study.
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B, Maintenance of Cultures

The stock bacterial cultures were kept on plain
agar slants (with a parafilm covering over the 1lip of the
test tube) at 5 degrees C. Stock subcultures were made
every four weeks.

The cultures used in the recorded experiments were
employed only after a minimum of four daily subtransfers into
the proper broth after coming off the stock agar slant. After
four weeks of use, test organisms were once again taken from
the month-0ld stock cultures. Since most of the tests were
made at three pH 1evels; the organisms were subtransferred
and grown only in the broth medium adjusted to the proper pH,
i.e., those organisms tested at pH 5.2 were daily subtrans-
ferred in broth at pH 5.2, etc. Subtransfers were made by
inoculating 5 cc. of the broth medium with exactly 0.1 cc.
of broth culturs. It was found that, as a result of this
procedure, it was possible to ascertain within two million
the number of organisms per cc. of each of the cultures
after 24 hours' growth at 37 degrees C. A further check was

made with the Iumitron colorimeter.

Ce Growth Curves and Related Phenomena

The growth-curve technic used in this experiment
was theoretically divided into two stages. In the first
stage, the stability of the organisms was established through
testing their resistance to phenol* by the Phenol-Coefficient
* This procedure was followed prior to making any of the
tests undertaken in this study. At the same time, the organ-

ism suspension was streaked on agar plates (for isolated col-
onies) to insure the fact that the organisms were mainly in

the smooth phase.
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Method. A chemical-range test was also made at the particu-~
lar pH range under consideration. This was done by inoculat-
ing 0.1 ce. of a 24-hour organism suspension into a series

of dilutions of the surface-active agent in & .. of broth.
Since many of the surface-active agent solutions were turbid,
after 24 hours' incubation at 37 degrees C., subtransfers

(2 loopfuls) of the inoculated solution were made into F.D.A.
broth and incubated at 37 degrees C. for 24 hours. The re-
sults of this latter incubation constitute the data presented
in the chemical-range tables. Information gained from these
chemical-=range tegts was utilized in the second stage of the
experiment, the actual study of organism growth after expos-
ure to the various synthetic agents.

The organisms were grown in 250-cc. erlenmeyer
flasks etched at a 1765~cc. mark. The mark was made at the
meniscus after adding, by volumetric pipettes, 175 cc. of
the broth medium at 20_degrees Ce The prorer dilutions of
the surface-active agents were made on the basgis of 175 cac.
of broth.

As a preliminary step, the pH of the sterile broth
was ad justed to approximately the desired range by the addi-~
tion of concentrated HCl, 1 N HC1l, or 1 N NaOH, as the case
might be. The particular surface-active agent was then added
to this broth in the erlenmeyer flasks, and the flasks were
heated for 20 minutes in an Arnold steamer. After complete
gsolution was effected and the flasks cooled to approximately

20 degrees C., sufficient -solution was removed to bring the
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total volume back to the 175-cc. mark. This was necessary
only in concentrations of surface-~active agent greater than
1-100. The solution was again adjusted to the pH level =zt
which the experiment was to be conducted. Fifteen cc. of
the solution were used in this pH adjustment testing. The
flasks were then incubated at 37 degrees C. for 15 hours tp
insure sterility.

Just prior to inoculating the surface-active agent
gsolution with organisms, 1 cc. of a 24-hour suspension of
the organisms was plated, after sdequate dilutions were made.
The count from these platings constitutes the '"O-hour" bac-
terial count (after computing it on the basis of the ensuing
proportion). Since 160 cc. of the suffacefactive agent solu-
tion remained at the time the test was to be initiéted, Z.2
cc. of a 24-~-hour organism susyension were introduced into the
solution (at 37 degrees G). This proportion of organisms to
surface-active agent solution was the same as that used in the
chemical-range test. Immediately after the addition of organ-
isms, surface-tension and pH measurements were taken. This
congtituted "O-hour" data for both measurements.

The flask was then well shaken and placed in the
incubator at 37 degrees C. Thereafter, the flask was shaken
at 45-minute intervals for the first 10 hours. At the speci=-
fied periods when platings were to be made, the flask was
again shaken, 1 cc. of the golution withdrawn, and proper
dilutions made.* Plates were poured with plain agar, allowed

* To compensate partially for possible bacteriostatic action,
dilutions up to 1l-1M were made.
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to harden, and then incubated for 48 hours at 37 degrees C.
Gram staing were made periodiecally to insure absence of
contamination.

The method for determining the effects on bacter=
ial growth of exposure to cationic agents for periods of
short duration was essentially the same as that described
above, The only difference was that the flasks were kept
in a water bath at 37 degrees C. instead of in an incubator
at 37 degrees Cs In both types of tests, the surface-active
agent solutions were at 27 degrees C. prior tb inocﬁlation
of the organism suspensions. _

A 12~=cc. aliguot was likewise withdrawn and used
for both the surface-tension and pH determinations. Surface
tension was measured by the du Nouy Tensionometer with stand-
ard watch- glasses of uniform size. The solutions for meas-
urement of surface tension were kept at 37 degrees C, in a
water bath, and readings were taken approximately 10 seconds
after the sample was introduced into the watch glass. The
PH was determined last of all. ZPrior to determinations for
each time interval, the tensionometer was recalibrated and
the Beckman pH meter was checked against a standard buffer
solution.

In the foregoing series of experiments, an attempt
was made to present the data in as uniform a manner as possi-
ble. The difficulties involved in such a presentation lie
mainly with the inherent differences between the organisms
themselves and between the compounds used, i.e., differences

in physical state and in percentage of active ingredient.
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Nevertheless, wherever possible, comparable concentrations
of the surface-active agents were employed to indicate the
relative resiétance of the organisms. Such a procedure was
most successful with certain of the less effective anionic
agents and the non-ionic compounds. However, in order to
indicate the gradual effect on bacterial growth of the more
germicidal agents, it became necéssary to use wide ranges in
concentration of the synthetic agents when comparing the
differences between the gram-positive znd gram-negative -
organisms,

Wherever possible, an attempt was made to include
in the tables the apprroximste dilutipn of synthetic agent
which Just killed completely the entire”bacterial popula-
tion. However, in those instances where this dilution has
been omitted from the table, it is to be assumed that the
next lower dilution from that first appearing in the table
coﬁpletely killed the organisms in 24 hours or less.* Since

S. paratyphli B was used primarily for purposes of comparison

with E. coli, no attenrpt was made to determine the effects
of critical concentrations of the surface-éctive agents on
the former organism.

It should be noted that gradations of dilution pro-

ceeded by increments of 100 within the hundred range, by

* The only exceptions to this statement occur where compounds
are not germicidal for the bacteria in question, or where
concentrations higher than those recorded are too viscous

- to permit complete solution of the organism suspension.
Because of the extreme viscosity of the anionic compounds in
concentrations stronger than 1-50, the 1«50 dilution was se-
lected as the starting point for these agents. A 1-20 con-
centration of non-ionic compounds was selected for the same
reason.
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inerements of 1000 within the thousand range, and by incre=-
ments of 10,000 within the ten-thousand range-.

In additional explanation is necessary for the in-
terpretation of the results. Since the vast majority of pub-
lished data concerning the relationshiﬁ of synthetic surface-
active agents to bacteria are based on the assumption of a
100~percent active ingredient of the synthetic compounds, it
was deemed advisable to maintain this type of reporting.
However, since it might be desirable to interpret the results
on the basis of actual percentage of active ingredient, a
listing of the densities of the liguid synthetic agents is
presented below to 2id in such an interpretation. 411 fig-
ures are based on the weights of 1 ml. of the agent at 20
degrees C.

Bagice broth medium 0.996 gram

Duponol 0S 0.843 gram
Tergitol 7 0.990 gram
LPC 0.985 gram
Triton X-100 0.960 gram

For example, in éoﬁputing the exact concentration,
as nearly as possible, of Tergitol 7 (25 percent active in-
gredient ), the dilution stated in the various tables is
multiplied by the factor 4.024. This factor was obtained
by the following computation:

eight of basic broth per cc. p 4

weight of Tergitol per cc. 1
4
w
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Thus the actual effective concentration of this compound is

approximately four times greater than thest stated in the

tables. The factors for the other compounds are as follows:

Duponol 0OS
Igepon AP
Nekal BX
Nacconol NRSFEF
CT AB

LPC

Rocecal (powder)
Emulphor ON
Triton X-100

1.205
1.96
1.25
1.176
1.02
2.888
31.25
1.0
1.037
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V. RESULTS

A. ‘Gontrol Tests

In preparing these studies, it was necessary to
determine growth rates, pH shifts, and surface-tension
meagurements in the absence of synthetic agents so that
these data might serve as a reference group for comparison
with data obtained in the ensuing experiments. The results

are presented in Table 2.

B. Anionic Compounds

The first series of synthetic surface-active
agents tested for their effecets on bacterial grqwth were the
anionic compounds Duponol 0S5, Igepon AP, Tergitpl 7, Naccon-
ol NRSF, and Nekal BX. The results of these tests appear in
Tables 3 through 7.

When the results presented in the control table
are compared with those obtained with the anionic agents, it
becomes aprarent that, in every instance, use of the latter
produced a diminution of bacterial count during a 24-hour
period. It is aiso clear that the shift in pH is likewise
ecurtailed.

For the main part, the accepted géneralization
that anionic agents exert their maximum bactericidal effect
in an acid range (22)(22)(24)(6) is substantiated by the
data derived frocm these tests. The one exception is the
"action of Igepon AP on the gram-negative organisms. This
compound apyears more effective against E. coli and S. para-

typhi B in an slkaline medium. Although the type of test
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PH 6.2 o
¥ind Bs coli |3, para=|3, sureus : .
— I3 0 B2 56l 14K B2 B6.L o B2 5603 6K
% S' % 8i gs ?{ V8i §:. ,gi 4 54 55,86 40¥ 56 6611 30 5,3 56,02 19M‘
S Ad A AAAAA 7 5.6 554 98l 60 56,02 90K 5.3 55,88 W
Ble ¢ #1164 414 4 4 v
10fa o 2] 4 4 [= ¢+ ¢ 10 5.7 55,74 190K B4 BB4 180M 5.4 55,68 3o
5] o [« = ¢ |= ¢ 4 ‘ S
. 2% 646 55465 630 649 55,65 385 6.3 55,74 - 30N
] pE 8
Ming B coll [S: pare-S. sureus
Jphi B 0 8.0 56458 141 8,0 56,58 ) 8,0 56,68 - M
0 _ s
| gr% ‘m? % gl ‘% gi gl 9') 4 70 56458 el 17 56,58 50 7.8 56,58 B?M:
Al ddlddA 7 7.6  56.49 100H 7.8 56,11 100k 7.8 - 56,58 "0
Ble & 4 s ¢ ¢(= 44 | ' e
W[ ¢ 4f= 4 40t 4 10 T 5649 15% 8,0 86,02 198K 29 G649 LGN
15l ¢ 4fe b pfe - | ‘ .
24 | 9 56,11 4008 8,2 55,88 3o0u 8.0 66,38 . 290K |

* Surface tension is measured in dynes per centimeter,
* Bastorlal count is measwred in organisms per ccs

' U signifies mi1lions,
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TABIE 2

DATA SHEET ON DUPONOL 03

E?
Phenolic Range
" ¥indJ B. coli| S. para-|S. sureus
T | iyl B '—
e 00ld S« paratyphi B 3. sureus
o B coli Je paratyphl 5 S 8Ureus
E‘ % % § 8| SieR o‘? 150 1-100 1-50 1-100 1-500 1700
A dladalddd * " : N
g + o+t + o+ o+ - ¢+ rs. pH S.T»™ B.C, *pH 3.7, BsCe pH S.7. B.C. pH SeTs  Bels pH S+Ts  B.TW ])H S¢Te  BoCs
10]= % ¢l = & ¢ ]« 4 4 .
1= + $1= = |- - ¢ 0 7.0 28.86 12M* [7.0 28.55 13M||7.0 26,86 9M (7.0 26,59 9N |{ 6.9 28,56 M |7.1 28.56 - M
Chemical Range 4 || 6.8 20.86 Z.8M (6.8 28,05 15M{{6.8 29.04 12 16,8 28,59 6.3M[| 6.9 28,56 60T |7.1 28,56 180T
) A
col828888 7 | 6.9 29,04 3007T 5.8 268,86 2.6M{[6.9 29,04 14M |6.9 28,59 Vi |[ 6.9 28,56 9T (7.0 28.56 17T
TRHRGE Yo 10 || 649 29,04 11X (6.9 26,86 BN |{7.0 29,04 O [7.,0 28,15 28M || 6,9 28,56 137 [7.0 28,66 86T
Aald dddda _ .
E. coli + 4| 24 || 7.0 28,86 15M [7.0 28.61 43M||7.0 26.86 14M |7.2 28,16 17M [} 6.9 26,56 40T (7.0 29,04 4.2M
3. para- ¢ +|
typhl B |
S.aureus :- - - - 4 ¢
pH 5e82
Phenolic Renge
Min. E. 0ol | S. para=~{3. aursus
typhi B
° B, coli S. paratyphi B S+ _Aureus
O o O0l0 O o |lao O ©
5@ eeadier d 1~50 1-80 1-57 1-87
oA A M A A R
Blis + +1¢ + 414 43 Hra, PE S0, B.G, pE S.Is  B.Ce pE S B.G | PH 8.0, BuGe
W = 4 ¢]- ¢ 4= 4 ¢
15 |= ¢ o|= = 4§ |- ¢ ¢ 0 6.2 28.61  16M 5.2 28.61 oM 5.8 30,74 ™| 5.2 0.7 ™
Chemical Range g 5.4 # 57 5.6 4 a9y B2 F 10N | 5.2  # 4N
QoM B HE & | 7 5.6 5k 6.2 £ 90U 6.2 # LM | 5.2 f L6
TIR AT R
P P I 10 5.7 # 49% bed # 51 5.2 #2000 | 5.2 #9007
B coli ¢ +'
24 6.0 28,36 46K 6.6 28,71 BN 5.2 30.13 29T | 5.2 30.82 56T
3. para- & +| C
typal B [
.aureus = = = = 4+ 4
pH B
Phenolic Range
¥in. (B, o0li| S, para-{3. aureus
typhi B
E._coli 3. paratyphi B 8, sureusg
ggggg§ggg 1-50 1-50 1-50
Ao Al dA]A LA " .
514 4+ 4]+ + ¢+ )~ ¢ 4 Hrs, P 8.0  B.C. pE 8.1  B.Ce PE S B.Ce
10]= ¢ #|= + ¢+ ]=- ¢ ¢
164=_+ [~ 4 3 j= = = 0 8.0 26,86 13M 8.0 2B.86 oy 8.0 28.86 ™
Cnemical Range 4 .Y 4 B4M 7.8 §  17.54 8.0 # 4007
$g. g; ? 5:) 3;‘9' g; 7 7.7 # 23U 7.0 # 41M 8.0 # 5007
2 11"' f A A AA A 10 7.7 # 30M 7.8 # 24¥ 7.9 # 1307
+ 00
24 7.7 28,86 30M 7.9 28,86 28X 7.9 29,04 3007
8, parsg~- 411 Tubes Positive
typhi B
S.aureus

* 8.7, signifies surface tension in dynes per centimeter.
** B0, signifies baoterial count per cc.

A ) gignifies millions,

F 1 gignifies fhousands.

# No messurement was made.
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TABLE 4

DATA SHEET ON IGEPON AP

PE 7
Phenolic Range
¥in. E._coli | S. para-jS, aureus
typhl B
E. eoll S. paratyphi B S._sureus
g2283g8(g23 E— Se e £ srens.

RN A RN B AR 160 1-100 1-50 1-100 1-50 1-100
Gle + $|% 4 % |~ 4 ¢ Hrse [ PE SeTo* BoCu** |pE SoTw BuCu |[pH SeT¢ BeCo jpH SeTe BoCo ||PH S.Ts B.Cu[pH S.Te B.C.
10 = #]|= + % [= + ¢ .
1B - 4[~ - 4 -4 0 [[7.0 29.83 12MA{7.0 30,53 14M || 7.C 29.83 9M|7.0 30.53 O9M|{7.0 20.83 6 |[7,0 30,53 &M

Chemiosl Range 4 |/ 6.9 29.83 33U (6.8 30.86 126M [| 6.9 29.83 30M[6.9 20.43 109M || 6.9 29,83 307|7.0 30.86 84T
'c_:.g. gl, :—;, 3i 9‘_ ;'3, g' 7 {69 80,06 4l (6.9 30,59 40M|[6.9 30.06 8.6l |7.1 20.39 B7M 6.9 30,01 BI|7.0 30,43 6T
A A A AAA 10 || 7.0 29.69 8.5M [6.9 20.67 sOM||7.2 29.97 49M|7.2 30.48 145M||6.9 30.06 2T|7.0 30.62 30T
B. a0l
I 24 || 7.2 30,06 52,5M |7.2 B0.67 3LM||7.5 30,06 23M|7.5 30.57 BT | 6.9 29.73 4007 6,9 20,29 BOOT
3. para=- A1l Tubes Positive
1
Seaureung
) PH 5.2
Phenolic Range
Min.| E. coll | S. para-(S, sureus
- fzpﬁi!‘ |
o E._coll 8. paratyphi B S, sureus

0 O 90lO0 O © o © O

F O O 1-50 150 1-50 1460

e I I I B | ot -

Ble ¢+ +|% + ¢+ [+ + 4 Hrs. pE 8.1,  B.C. PE ST B.C. pH S0 BusCo | PE S.T.  B.C.
Wle = #l= ¢ + 1= ¢+ ¢
|- = #|/= = ¢+~ ¢+ ¢ 0 5,2 29,78 14N 5.2 29.78 oy 5.2 29473 ™ | 6.3 29,83 ™
Chemical Range 4 Bed # BTM Beb # 384 5.2 # 207 B.3 # 8007
g' o‘}’ ?? C% % g' gI; gl; " 5.4 # 1118 6.1 # 14M B.2 # 210 543 # 47
- n" AL 10 5.5 # 1270 6.2 # 1454 5.2 # 7 ] # 4T
+ 00
24 6,1 29,73 134M fed 29,69 90K 6.2 29.73 0 5.3 20,73 10%
S. para- All Tubes Positive ’
typhi B
. S.aureus
pH 8
Phenolic Range
Min,| B. coli | 3. Eara- aureus
typal B
o E. coli 3+ paratyphi B 8, aursus
228|888 P A — -

RN D 1.50 1-50 1-50

AH A AA S . ) .

S~ + +]¢4 + # Hre. PE 8.7,  B.Ce pE 8.7  B.C. PE 8.T.  B.C.

1= « (= + 4

[« = ¢]= ¢+ ¢ 0 8.0 29,87 13M 8.0 29.87 9 8.0 29,99 6M
Chemical Range 4 8.0 # 12¥ 8.1 # 7.6 8.0 # 2,41
©Cocooo o 0o " 7.9 4 17K 8.1 # 16 7.9 #4007
TITIR 9GS
R 10 7.9 # 17,54 8.0 # 18 7.9 # 2007

E. ooli 24 7.9 29.83 AM 8.0 29,73 - 36M 7.9 29,62 3407

%. para=  All Tubes Pogitive

yphi B

s SUroN

*

** B.C. signifies bacterial count
A ¥ signifies millions,
® 1 gignifies thousanda.

Por cc.

3.T. slgnifies surface tension in dynes per centimetsr.

® Where no M or T follows the enumeration, the figure is the sotual bacterial count per oo.,
that is, 10 organisms per ce. in this case.

# No measurement was made.
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TABLE 5
DAT4 SHEET ON TERGITOL 7
pH 7
Phenolic Range
Min.|E. eoli |S. para-|S. aursus
typhi B By coll Se paratyphi B 3, asureus
Q
g| % % 8; g. ;_7, 8i 52' % 1-50 1-100 1-50 1-100 1-207 1-307
e A B Hrss | pE S 7% B.o.**|pg S.7. B.C.| pE S.7. BuCufpE 8.7, B.C.fPH 8.7 B.C.|pE  S.T, B.C.
Ble + 4= ¢+ ¢+ |- + 4
10 |- + 4= = & |~ % 4 0 || 7.0 27,69 1BM* |7,0 27,79 15M || 7.0 27.69 8M | 7.0 27.78 B | 7.0 35,85 6M |7.0 36,93 &M
16 (= = 4l = 4 1« - 3
4 || 6.9 27,59 35M 6.9 27.79 60K [| 6.9 27,55 27M | 6,9 27,55 45M || 7.0 35.64 1,44|7.0 36,79 1.2M
Chemical Range
oY OB OB E 7 I 6,9 27,64 50M 6.9 27.59 87 || 7.0 27.56 25M | 7.0 27.73 49M {| 7.0 26.64 227¥ 7.0 26,79 an
35881588 5% .
JORRONNS F'.l_.-" SO A A 10 [l 7.0 27.50 30M 7,0 27.59 96M || 7.3 27.59 &M | 7.3 27,56 96M f 7.0 35,69 500% (7.0 26.85. 6M
B coll & + 4 41 24 [ 7.1 27.46 20M |7.1 87.69 41M || 7.5 27,59 4M | 7.5 27.64 48M J 7.0 36.69 28 6.9 36.668 T2M
S, para- + + + +!
typhi B |
S.aureus I- o+ ¢ 4
pH 6.2
Phenolic Range
Min.|E. coli |3. para-{S. sureus
typhi B B, coli 3. paratyphi B S. sureus
% °;; 2'1 %} % 8'1 8i ‘9. 5’? 1450 1-60 1-50 1-407
- o~
RN R Hes. || pE 8.1, B.C. pE S0, Bl PE 8.0, B P 8.1, BuCe
Ble & 4= ¢ # [+ 4+ 4+
W0 [« « #{= = 4 | = 4 + 0 B2  27.59 13M 5,2 27,59 13M 5.2 27.45 9M 5.2 37.456  6M
15 |« = 4l = < [= + 4
4 5.2 - # 701 5.2 $# M 5.4 # 5,2M 6.2 # 7007
Chemical Range
& B & B ow 7| 5.3 # 91 5.2 # 2T 5.6 M 6.2 # 2000
oo oolc0a b o )
TEYR TN YN 0 || 58 4 8 5.3 # 80T 59 # 20 5.2 301
[ B I B T B ] [ ]
Ee 00ll ¢+ + + 4| 24 5.3 27.64 0 5.4 27.64 2.7 6ot  27.45 52X 6.2 36.02 150
. para~ + % + 4|
mhiB |
3. aureug '- - - 4 4
—— |
pH 8
Phenolic Range
Min.| B. coli] 3, para-|S. sursug
typhi B Be_coli S. paratyphi B 3. sureus ~
% g| % E: % g| % % % 1-50 1-50 1-107 1-20T
EARRSY RN AN Ers. | P@  S.2.  B.G. PE S.1.  B.C. PE S.T.  B.3 pE 8.1, B.C,
Ble ¢ 4]l & ] - + 4 .
}.g I N 0 8,0 27.72 12X 8.0 27.712  BK 8.0 34,64 6K 8.0 35.88 6K
Y - - o=
4 7.8 # 61M 7.8 # 11M 7.9 # 2T 7.9 # oM
Chemical Range v o s . 4 o 4
7, 11.8M 7.8 5.2M 7.9 200 7. 1.9
cooold BEES ; f "
r,'“,'l?lf”r;‘ft?v;w; 10 || .8 # 1m 7.8 # 18K 7.9 0 "8 # 5
e s B T T T = B ™ e |
B ooll ¢+ + 4 += 24 7.8 27,72 40N 8.0 27.72  15M 7.9 34,58 0 7.9 36,02 14T
§| EE:.Q'.* . 4 I
typhi B |
ureu I + o+ 4+

S.7. signifies surface tension in dynes per centimeter,
** B.C, signifies baoteriel count per oc.

A ¥ signifies millions.

* 1 gignifiog thousands.

® Where no ¥ or T foliows the enumeration, the flgure is the actusl bacterial count per 00,,
that is, 500 organisms per cc. in this cage.

# No measurement wag mage.
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) T4BIE 6
| ’ DATA SHERT ON NACCONOL NRSF

pH 7
Phenolic Range
Min.|E. coli |S, para- [3, sureus
typhi B B, coli 5. paratyphi B 3. asureusg
y [=]
gi g" 8i % g' ,C.’.' ‘;'é 2' 8i 1-50 1-100 1-50 1-100 1-307 1-40T7
N A E Brs. || pE S.7.% B.C.**|p 8.7, B.C.|pHE S.T. B.C.[pE S.T. B.C.[PE S.T. BoCo [pH 8.0, B.C.
Bl 4 +]= 4+ ¢ [+ + < .
10ie =« $|= 4+ + |= ¢ + o | 7.0 21.89 13M* (7.0 %1.89 12X || 7.0 31,89 8K [7.0 31,89 LOM | 7.0 36.05 T7M (7.0 37.02 T
15i= =~ 1= + 4 |- - 1 :
¢ |l 6.9 31.89 m4N 6.9 21.89 91M || 6,9 31.B9 16M 6.9 31.89 3bM 7.0 36,49 1.3 |7,0 37.08 2M
Chemiaal Range
B BB Bt 7| 6.9 21.89 37 |6.9 31.75 83M || 7,0 31.89 ZEM |7.1 31.75 98M | 7.0 36.24 1.6M |7.1 37.02 8.6M
92g¢gl8823538
A A KA A IA A A A A 10 || 7.0 31,76 8M [7.0 31.75 64M || 7.3 31.75 5M |7.5 Z1.75 88M || 7.2 36.51 TH |7.3 37.02 14M
Be coli ¢+ 4 .+ ¢ , 24 |l 7.1 31,75 20M 7.2 31.68 30M || 7.6 21.68 12M [7.6 30,93 10M || 7.2 36.51 14.5M[7.3 37,02 10K
§. para= ¢ + 4 +| '
typni B |
S.8ureus : - = ¢ 4 ¢
. pH 5.2
Phenolic Renge
¥in.|B. coli | 3. para- (3. sureus
ZEiﬁI:E E. coli Se paratyphi B 8. aureus
oo olooloooao 1-50 1-50 ‘ 1-307
B AR
A Al A sdid A A Hra. pE S.T. B.C. pH SeTe B, 0 PE SeTe Bl G,
Bi- + 4]+ + 4+ |4 & 4 :
10 |= « ${= + 4 | = ¢ + 0 5.8 21.29 128 5.2 21.31 M 6.2 26,01 '
16|~ « ¢]= = 4+ 1~ + ¢
4 B.4 # lig B.4 # 2.6M 5.2 # 5,87
. Chemical Range
OB B OB 7 5e4 # 307 5.6 # 27,84 5.2 # 37
ae5g8EEEE |
TS YT YNV 10 Bed # 3007 507 # 9oM 5.2 # 1T
‘ AdAAlad A A AA )
B, 00l + + + +] 24 5.7 30,97 29) 645 30,90 474 5.2 5,98 4®
%, para= + + % +|
yphi B |
S.aureus | - = 4 4 4
|
rH 8
Phenollo Range
Min.| E. coll | S, para-|S. aureus
txpEI b E, ooll 3. paratyphi B S« aureus
o
8;2. gi (u)l) gl ?" 8i EI % 1-50 1-50 1-.107 1-20T
I I N e I I I I ] Hra. holid S.T. B,C, H SeTe B.C. H WTe «Ce
Bl ¢+ +|= 4 4 - 4 p )2 3.7 B.C h:d SeTs BeCe
%g - = : - 4 % |~ & : 0 8.0 Bl.76 12K Bs0 31.75 M 8.0 Z4.47 ™ 8.0 36.52 ™
-~ - = 4] =
4 7.8 # 76K 7.8 38N 8.0 .
Chemical Range # # 1197 8.0 ¢ 1.8M
. 8 88 E S 7 (25 S 7.1 # 86uBM | 7.9 # 27 8.0 # 1.3
2889 88% 3 ‘ -
R R A 10 LOTE S 8.0 4 14k 7.9  # 40 .9 #  1am
AeAddldAd A A
B. noli. + + ¢ * | 24 7.9  3l.36 124 8.2 31.236 12.5M 7.9, 34.27 0 7.8  235.,49 4207
S, para=+ 4+ + ¢
typhi 3 |
3,8ureus i- + + ¢ 4

* 8.7, signifies surfacs tension in dynes per centimeter.
** 8,0, signifies bacterisl count per ce.

A ¥ signifies millions,

*p signifies thousands,

© Where no M or T follows the enumeration, the figure is the aotual bact
erial count .
that s, ¢ organisms per oc. in this case, 8 ount per ca.,

# No measurement wag mage,
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T4BIE 7
DATA SEERT ON NEKAL BX

pH 7
Phenolic Range
Min.| E« 0oll | 8. Earm 3. sureus|
Syphi B E, coli 8. paratyphi B S« surens
&:, :2' EIB % ‘a" §' &?, E' 52i 1-50 - 1-100 1-50 1-100 1-207 1-30T
AN LA I Bre.fl pE S.0.* B.C**|pn s,7. B.Cofl pH S.T. B.C.pE 8.7, B.Co {IPE S.T. BuCy | pH SeTs BuC
Bl= + +|- + 4| - ¢+ ¢
10|= = 4[=- 4 4] =+ ¢ a il 7.0 3172 14M™ 16,9 37.76 14M || 7.0 31.72 OM |6.9 31.76 9N [|7.042,16 M | 7.0 44.58 "M
B)- - $l- ¢ ]~ -3
4| 6.8 31,72 8M (6.6 Z1.62 40M || 648 31.72 20M 6,7 31.57 184 ||6.B 42,23 10M | 7.0 44,62 9N
Chemical Range . 6
) 53 ! . . .
og ggly § § § § 7 || 648 31,66 2.64 [6.6 31,52 121 || 6.8 31,72 12 [646 B1.47 16,5 8 42,81 208 | 6.9 44,71 12K
LA LA AL S 10 || 6.9 31.66 M |6.9 31,52 11M || 7.0 Z1.62 8M {7.1 31.47 BM ([7.0 42,31 280 | 7.0 44.71 B2M
B ooll = - + #] 24 1| 7.0 31,66 L.5M |7.1 31,52 11M || 7.2 31.62 15M (7.3 31.47 108 [[7.2 42,16 18K | 7.3 44.62 10M
3, para- = - + 4|
_t"’ﬁ‘ﬂh B |
_S.aureus f= = + + 4
L
pH 5.2
Phenolic Range
Min.{ By coll | 3. para-iS. sureusj
o B, coli S« paratyphl B S, aureus
328383(8¢28 — — —
JURRCRNCAS ISR A 1-50 1-50" 1-50 1-60 1-107 1-207
g PEEE TR O T I ) Heso|l pE S.7. B.Go|pE S.T. B.Co | PE 5.7, B.CipH' 8.7+ BuCuf| pH SeTe BuCy|pH S.T. BeCe
W= = +]=~ + ¢ =+ 4
W - « =la o« 3}= ¢ & 0 5.2 81,66 14X [5.2 31.66 134 || 5,2 31.66 6M [5.2 31.66 OM | 5.2 41,16 BM (6.2 42.09 6M
Chemical Range 4 5.5 # 20°(6.2 # s[5z 4 eM5.2 # 2w ({53 # 70T |5.2 # 660D
. H B A .
%%%3%1&;33% 753 # 26(6.3 # =62 # 153 # 4u|58 # 8ri6e # 5007
t ] ) [}
A A 0535 # ofs.a # b2 # 0764 # M55 F§ 110 5.2 #6007
Ba goli = = « 4 4 '
| “pa il 5.3 31,67 0 5.6 31,72 T || 5.2 31.66 10 |5.8 3l.72 "M [ 5.3 40.66 O [5.2 42.16 1007
S. pata== = 4+ + +
typhi B l
Se.aursug ]~ = + &
l
]

Phenolic Range o

S. para~|S. aureus
E. coli

Min.|B, ooli

:

’ ) 2 3. paratyphi 3 S, aureus
gegleea|ses |
L N I R B | 1-50 1-50 : 1-10T
IR (N ERAT IR Hre P ST B.C
10 ot M DD til . sle Uy pH - SeTe BeCo PE SeTe B.C,
16 (« = $le = 4 L= + 4 0 8.0 32,06 134 8.0 32.06 oM 8.0 41.23 )
Chemical Range 4 77 # 12K 7.9 # 2,74 8.0 # 3,21
B B e
g, ?\'1 gl, 0,? l?' 5'; g:, g:, g‘; L 746 # 19K 7.8 # a4l 7.9 # L8
L I B I | lu—l Lo I B B
10 746 9 .
B ooll - - o N # i 7.8 # 9y 7.9 # 5%
- 24 1.7 51, 4N . .
Sparas - - 4 4| 1,20 7.8 31,20 18K 7.9 40.66. 20K
t'm_L'Fhi I
S.aursus = = + t 4
- 1

o * S«T. signifies surfrce tenslon in dynes per centimeter.
* B.Cs slgnifies bmoterinl count per cc.
4 ) signifiss nilllons,
& T signifies thousands,

© Vhere no M or T followg the enumeration, the figure is the actual bacte
that is, 300 organigng per co. in thié case, Fisl oount per s,

# No measurement was magg,
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used offers no means for explaining this phenomenon, it is
interesting to note that Stock and Francis (59) found oleic,
linoleic, and linolenic acids more effective in inactivating
influenza virus at pH 7.6 than at pH 6. Baker, Harrison, and
Miller (6) pointed out that Igepon AP (pH 7) stimulated bac-
terial metabolism even at a concentration of 1-100 (approxi-
mately the dilution of active ingredient of Igepon AP used

in the experiment discussed in this thesis). This fact is
substantiated by the résults obtained with E, coli and S.
paratyphi B at pH 5.2 for the first 7 hours of the growth

period.

Surface tension slone avpears to have little sig-
nificant influence on the growth-curve data. This is in
agreement with the results presented by Marshall (47) and
by Mallmamn and Darby (45). It has sometimes been assumed
that the degree to which a surface-active agent can lower
surface tension is a measure of its effectiveness as a germi-
cide. The date from this study do not support this conten-
tion. o vositive correlation appears to exist between ger-
micidal activity and reduction of surface tension for the
anionic agents acting at surface tensions between 27 and 32
dynes per centimeter. Although Nekal and Nacconol lowered
the surface tension to apprroximately 31 dynes per centimeter
in contrast to 29 dynes per centimeter for Igepon and Duponol,
the first two compounds are far more germicidal than the lat-
ter two. In all the experiments, there was a negligible

shift in surface tension over the 24-hour test.




- 30

| Since the chemical-range test served a8 the initial
basis for using the proper dilutions in the growth-curve

studies, it is significant to note that there was no absolute

correlation between the results of the two methods. With

Igepon AP, in coptrast to the chemical-range test result,

S. aureus at pH H.2 failed to survive a 24-hour exposure in

é 1-50 concentration of the aniocnic agent. Both E. co0ll and

S. paratyphi B at pH 5.2 displayed inconsistencies when re-

acting with Nekal BX at a 1-50 concentration. The same was
true for Ee. coli at pE 5.2 with Tergitol 7 in a 1-50 concen-
tration. The surprising fact is that all these discrepancies
occurred at pH 5.2, the range where these anionic compounds
were most effective against the organisms mentioned. Since
the factor of exposure time was carefully checked, a possible
explanation for these variations may be that in the chemical-
range test, the organisms have a better chance of survival,
insofar as the limiting area of the test tube may be suffi-
ciently small (in comparison with an erlenmeyer flask) to
afford protection for some of the organisms against the syn-
thetic sgents. Since this method is an "all or none" survi-
val test, it is quite possible that one or two surviving bac-
teria may have been subtransferred successfully, or that one
or two very small clumps of organisms withstood the bacteri-
cidal effect of the anionic agents. Further evidence of
these variations will be presented in the discussion of the
cationic agents. :

Of the anionic agents tested, Tergitol 7 at pH 5.2

was the most bactericidal (on the basis of effective concen-
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tration) for E. coll and S. aureus. This is in agreement
with the findings of Gershenfeld (24) on a similay compound
(Tergitol 4) and Baker et al (6)(7). Nekal BX at pH 5.2
was germicidal against all three organisms (at a 1-40 con-

centration it was germicidal against S, paratyphi Bl.

Nacconol NRSF was gerﬁicidal only for S. aureus. Finaily,
Duponol OS and Igepon AP follow, in fhat order of effective-
ness, as germicidéi agents against S. aureus.

Perhaps the most important fact in these studies
with anionic agents is that at pH 5.2, with the proper con-
centration of the synthetic compounds, Tergitol 7 and Nekal
BX are germicidal for the gram-negative organisms. With the
exception of the paper by Gershenfeld and Milanick (24), in
which they indicate that Aerosol OT and Tergltol 4 at pH 4
and pH 5 can kill S. typhosa, the common belief has been

that anionic agents are only bactericidsl for gram-positive
organisms. Bayliss (11l) reported that sodium lauryl sulfate
cleared suspensions of gram-negative organisms, but he failed
to find a positive correlation between the lysing and lethal
action.

The importance of pH is dramatically presented by
Duponol 0S. At pH 8, S. aureus survived a 24~hour exposure
to a 1-50 concentration of this synthetic agent. At PH 7, a
1-400 concentration was effectively germicidal against the
same organism, while at pH 6.2, a 1-4000 dilution completely
killed S; aureﬁs in 24 hours. The only positive correlation
between the trend of pH and bacterial count over the various

periods of the growth curve is that once the bacterial count
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goes below the one-million mark and stays below that mark,
the shift in pH is either negligible or non-existent. In
all other instances, the change in pH falls short of the

level reached in the controls.

Cs, Cationic Compmounds

Domagk's (13) publication on the long=-chain quater-
nary ammonium salts stimulated a tremendous interest in these
compounds. Torking mainly with zephirol (alkyl dimethyl ben-
zyl ammonium chloride), he reported its germicidal activity,
as well as germicidal activities for other quaternary ammon-
ium salts which possessed a long~chain aliphatic group
(CgH;; to0 Cy Hyy ).

The methods for preparing the three types of cati-
onic agents used in the investigation reported in this thesis
are described in the papers by Kuhn et al (41) (for alkyl di-
methyl benzyl ammonium chloride), and by Shelton et al (56)
(57) (for CTAB and alkyl pyridinium chloride).

The concentrations of gquaternary ammonium compoﬁnds
used in these experiments either reduced the counts of all
three types of bacteria or killed them completely. They
also inhibited the normal shift in pH over the 24-hour period.

The results presented in Tables 8, 9, and 10 are
in agreement with the general theory of maximum germicidal
activity of cationic agents in an alkaline range. The work
of Xuhn and Bielig (40) gave strong support to this genéral-
ization. They pointed out that proteins could only be pre-
cipitated when they were in the form of anions, i.e., on_the

basic side of the isoelectric point. They likewise proposed
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TABLE 8
DATA SEEST ON ROCCAL

pH 7
Phenolic Range
¥in. B, coli | 8, parse|3, zursus
typhi B
0o olo o 8 o o o Z, coli S, paratyphl B S. aureus
D (O G (O B @ — — _—
5 r'q.-'i "'i & .-:4 J.+ J r'; ,::. 15T 1-47 1.51 131 15T 12407 1-601
W= + 4]= = + - + 4 HrsopE S.T.* B.G.**|pH 8.7, B.Cu[pE ST B.CelfpH 8,7 B.C.|pH S.T. BuCuipE S.7. B.CufpE 8.7. B.C.
5 ¢ +1- - 4|~ - =
. 0l7.0 43,71 1242 |7.0 46,02 15M |7.0 47,31 16¥ (7.0 43.66 B8N [7.0 47,17 6M |[7.0 53.98 6 |7.0 66.07 6K
hemical Range
T ¢ (|7.0 42,12 27% 7,0 ¢6.13 46T |7.0 47,92 10M |[7.0 43,99 1M 6,9 47.17 17N [17.0 54,35 2M |7.0 56.04 2.2M
. sggulss g s
ORI [AOSORA) 77,0 43,54 20% 7.0 45.97 207 |7.0 46,75 1007((7.0 43.99 24M 6.9 47,17 40K {[7.0 53.76 480T|7.0 64.97 1M
B, coll -~ - ¢ +! 10([7.0 43,48 0 [7.0 45,84 2T |6.9 46,66 4,54[16.9 43.66 29M |7.1 46,34 104M)|7,0 53,57 450T| 7.0 54.97 1M
S, para- ~ + 4 + 24 1|7,0 43,48 O (6.9 45.84 5¥ [7.0 46,66 95M |7.2 43.66 39M {7.5 46,34 260M/6,9 53,99 21T [7.0 55.07 6007
typhl B
3.aures l- + + 4 ‘
pH 6.8
Phenolic Range
Min. B, coli |3, pars-|S. sureus
typhi B
o Be 0011 3. paratyphi B 3. aureus
O Q Ol G QO o O o _— T ————— —
Z E 2 N 3 3 j Z E 1-47 1-5T 1-617 1-51 1207  1-30T
~ (]
13 + ot ]+ 4 : o4 Hrss || pH SoTw B.Co| pE 8.2 B.C, [ pE S.7. B,C. pH 8.7, B.Ce PE SeTs BuCe| PR S.Ts BeCs
-+ (- 4 -t 4
15 |- = )= = 4+ |- + ¢ 0 5,2 46,97 15M | B.2 46,75 16M | 5.2 47.92 16M 5.2 46,71 8l 5.2 52,86 6M | 6.2 53.02 6K
Chemical Range 4 5,2 # 20 |B.3 # 2407 5,2 4§ 3™ Be2 # 46T 5.2 # 800T|6.3 # B
[N &t
'?g.%.?'?’l'?'g‘?.’ " 5,3 # 50 | Bea # 4T [ 5.3 # 2207 5.2 # @ 5.2 # B0OT| B3 # 6007
oo "‘Hl"' i 10 5,3 # 260 | 5.4 # 800 | 5.3 # oT 5.2 # 187 5.2 # 2007 6.3 # 4007
Bo 00l « = = ¢ ¢
- | 24 5,3 45,08 0 | 5.4 45.97 112 | B.4 46,75 800T 6.0 46,75 52X 5.2 51,80 BT | 5.3 52.78 65T
3. para- -« = 4 + ¢
typhi B |
S.qurens j= ¢+ 4
l
|

pH B
. Phenolic Range
Min.[{8B. colf (S, pata~|3. aureus|
- 7297 W) )
Ce o - = B, coli S, paratyphi B S, anreus
A Ll
JUU R (A LA S 1-5T 16T 1-57 1-201 1-40T . 1-507 1-707
5l ¢+ + ¢+ + ¢+ |- + 4 HraJ|pE S¢Te BeCe|DH SeTe BaGyf pH S¢Ts BeCefipE SeTe BeCe{pHE 84Ts Balo|pH 3¢Te BelopH S¢Ts B.Oy
W - ¢+ +]=- 4+ +1- ¢+ % )
160~ 4 ¢{= = ¢+ 1= = 4 0 18,0 46,98 13) |8.0 47.91 12M § 8.0 47.48 9M [[8.0 63.29 6.5M|8.0 54,51 6M [8.0 55.49 .6M [8.0 67.88 6M
Chemical Range 48,0 # Br{8.0 £ 9T(7.8 # 13 (8.0 # 157 (7.9 # 2207{7.8 # 7007|8.0 # oM
| .
ﬁ,%%?%ﬁ%% 7l # 3r|e0 # 16778 # eaml[8.0 # 20 v # zor|v.e £ 2007(8.0° # 1.2M
Ao H'H "o 1081 # 12(8.0 # @r(6.0 # 66M 8.0 # 116 (7.8 # 18176 # 1007(8.0 # 4007
Be 001l « = = = ¢
_— | 24 /18,1 46,13 0 |8.0 47,49 10T [ 8.1 47,13 19X [|8.0 61.80 O (7.8 53,29 7 {7.8 63,97 100 [8,0 56,94 75T
3. papa- -~ + ¢ ¢ +
« typhi B 1
§equreus -y 4
L.

S¢T. signifies surface terigion in dynes per centimeter.
** B.0. signifies dacterial gount per cc.
4 ¥ gignifies millions,
# T sipnifies thousands,

& Where no M or P follows the enumeration 'ths figure 1s the actual bacterial count ee
that is, 20 organisms per ce. in this'caae. pex 6o,

# No measurement was made,
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TABIE @

DATA SEEET ON LPC

pE 7
Phenolic Range
¥in. E, coli| S. para-|3. sureus|
fyphi B
o9 o 8 o § sog ‘E. coli S« paratyphi B S, aureus
LA My 1-30T 1-407 1-30T 1-407 1-200T 1-3007 1-800T
13 - I : + I i : : HrsefpE S.0.% B.C**|pH .. BuCJ|PE SeT. BuC.|pE S.1. BuCu|lpH SeTe B.Cu|pE S.0. B.Cu|pE 8.1, B.C.
15 )= - ¢[~ =« $1- ~ ¢ 0{7.0 44,88 15M* 17,0 46,87 15M |[7.0 44.33 8M [7.0 46.49 9% [[7.0 52.04 &M [7.0 65.76 6X |7.0 67.36 6M
Chemi cal Rangela . 4(|7.0 44.17 24 (6.9 45,66 M [[7.0 44,33 M |6.9 46.87 16X ||7.0 52,29 2.1%|7.0 53.56 6.9M|7.0 68.06 9K
H 8 EH[O O O .
B2 8 3| 988 7 17,0 43,81 4007% |6.9 45,95 5M 6.9 43,38 47H (6.9 46.51 65k |7.0 63.56 2.1%|7,0 64.90 5.5M|7.0 58.39 46K
[ 1 ] ] ) [} [}
5 oot A oA :| Ao 10 (7.0 42.87 60T (6.9 46,37 3M[|7.0 44,83 47 [7.2 46.96 110M[7.0 63,28 800T|7.1 54.50 5.6M|7.8 58.14 60K
. 00 - - 4 ¢ .
- ! 24 |[7.0 43.81 24 [7.3 46.81 47K |[7.5 45,34 75M [7.6 47.37 192M[|7.0 52.29 96T (7.1 53.47 4607 (7.4 56,76 90K
S. para~ - = % ++, )
typhi B |
S.aureus {- + 4
PH 5.2
Phenolic Range
Mine}Ee. coll |3, para-|3. aureng
E, coli f_L—E_yphi 3. _aureus
’ =) E. ooli S. paratyphi B 3. aurens
R888S5S(388 A — _—
r_|‘ '_l‘ A U '_I‘ . r_|l r_l' 1-307 1.307 1-100T - 1-2007
15 + 4 4|4 + 4+ ]+ 4+ ¢+ Ers. pH 54T Bele pE ST BsCe PH S B.C, PR ST B.C.
D= ¢ t{~ 4 t |-+ 4
|- = th= = +]- 4 4 0 5.2 42,83 12K 5.2 42,27 oM 5.2  51.23 oM 5.2 52,56  6M
Chemical Ram;;elE . 4 5,2 # 547N 5.2 # 9M 8.2 # 17 5.2 # 7,84
a8 §EHE 28 8
55 8891988 " 5.2 # 1.6M 5.7 # M 6.2 # 6 5.5 # 5.9M
1 t I ] ) ) '
A A GRS 10 5.2 # 500T 6.3 # 78l 6.2 # 0 5.3 # 3.8)
Be cOl1 « = + ¢+ ¢
‘ 24 5.2 41.%5 88 6.8 45,38 136U 5.2 50.95 0 5ed 51.59 7007
$o para- = + + + 4]
yph |
S.aureus o
|
|
pE B
Phenolic Range
Min.|E. coli | S. para-|S. aureus
bypht 2 E. coll 3. paratyphi B '»S. aureus
o U —e
Reg@eAl3ER 1407 1407 1-8007 1-3007
\ ] ) ]
NoH Al A A A A i ’ 3
Gle + 4[4+ ¢ ¢ (= ¢+ < Brs. pH S.Te B.Ce pH SeTs B.Ce ozt SeTe By Ca PE S.Te B.Ce
¥t i DA e : 0 8,0 46,95  14M 8,0 45,87 9K 8.0 63,16  6M 8.0  55.16 6l
4 . 0 8.0 ' 40071
Chemi cal RangZe 4 8.0 # 517 7.8 # 13X 8.0 # 2007 #
5o ogls §8 7 8.0 # 150 7.8 # 13K 8.0 # 61 8.0 # 1607
H 0 O O O (=3
KRR j:::-" i 10 8.0 # 700 7.7 # anm 8.0 # 17 8.0 3 821
™~ .
. . .56 0 8.0 66475 208
B, ool = - = % +: 24 8.0 4556 19 8.2 45,87 13K 8.0 53 . ‘
S, para= « = + t+ *t]
typh I
3.8ureus {- + #+

* 8.7, signifies surface tension in dynes per centimetey.

** 3.0, signifies bacterial count per ©0.
A

*+
@

M signifiss millions,
T gignifies thousands.

Where no M or T follows the emmeration, the figure is the actual bacterlal count per oc.,
that is, 24 organisms per ¢¢. in this case.

No measurement wag made,




35

T4BLE 10
DATA SHEET ON CTAB

PH 7
Phenolic Range
b
Min.| %, coli | S. para-~|3. sureus
I ?‘E—W -
o X, 0014 S. paratyphl B S, aureus
eggleaalses - N =
R U O B AR 1.107 1-207 130T 1207 1207 1-700T 1-1M
g LA AR N N LR B Hraf|pE S.2.% B,0** [pH S.7. BeCulpE SeTe BoCofpH 54T BuColpH SeP+ BulofpE S.T. B.CofpE SeTs Bel4
00« 4 4]~ ¢+ 1= 4 #
W= ¢ ¢l ¢+ +[~- - ¢ afir.o av.2e 1z* [7.0 37,47 12M|7.0 Z7.61 1sM|p.0 B7.3¢ oM |7.0 B7.62 9 ||7.0 55.54 M | 7.0 E7.69 8M
Chemical Range 47,0 37,29  14° (7.0 37,47 4M|6.9 37.52 10M|7.0 27.34 1207|7.0 37.47 5.4M{7.1 56,29 400 { 7.0 67.69 1K
e w5 588 llv.0 3716 0 7.0 37,41 zvoAs.e .47 14M|7.0 37,29 2007|7.0 37.47 B2M{7.1 65.66 & |7.0 5Y.78 90T
HEH O O0O,0 0 O O .
B gl gy 10{{7.0 37,06  © 7.0 37.38 407 |7.0 37.47 6,6M[17,0 37.29 &M [7.2 37.38-126M|7.1 54.31 6 | 7.0 56.87 10T
HoH A le—l 4~
B ooll -~ ¢ % +, 24 (7,0 37,06 0 (7.0 37.28 70T (7.1 37.47 1.5M{I7.3 37,26 314 |7.6 37.28 B2uf7.1 55.66 40 | 7.0 56,85 1T
S, para- -~ + ¢+ +
t_zi—nh 3 ]
3.anreus !'p + 4+ o+
PH B.2
Phenolic Range
Min.{B. coli | 8. para-(S. aursus
Typhi B -
E. coli 8. paratyphi B 3. aursus
o O O (O O 8 o O O
5§ © ol ardlon @ 1-207 1-307 1-20T 1-7007 1-9001
(e Bl B A | L I T e
Ble + #Q¢ + |+ & ¢ Hrs. pE  S.I. B.Co| P2 F.T. BCs PH  S.T. B.C. pE S B.Ce | PE  S.T.  BuCo
10 (- + [« ¢ + = + +
Bh= = +le =~ 4+« ¢ 4 0 6.2 37,38 1BM | 5.2 37.61 1BM 5.2 37,88  9M 6.2 56.87 M [ B.2 57.66 MM
Chemical Range 4 5.2 #0169 | 5,3 # 76T 5.2 # 117 B.2 # 4007 [ B2 #  L.%
} | BB & 7 5.8 # 19 | 5.3 4 18 6.2 # 1807 5.2 # 26T | 6.2 #8007
4ggglBE8E Y
N LA 10 5.2 # 0| 6.3 # 14 Bz f 4.8 5.2 4 100 |62 #7200
Lo B B B o B B B B | '
BE. ool - - ¢ ¢ 24 5.2 37.38 0 | 5.3 37.74 280 5.2 37.61 B8.2M 6.2 55,21 86 | 5.2 57.65 21007
3. paras = - ¢ +|
typhi B |
3.aurens . [+ + * 4
|
1
rH 8
Phenolic Range
¥in.|E. coll | 8. Ears- 8, sureus
] E, 00l 3. paratyphi B Se aureus
oo ojo o 8{o o o | 1-20T 1-30T 1-207 1-800T 1-1M
P Al R
R A L A A K Hra. pH  S.Te - BuCe [ PE  S.T.  B.Gs PE 5.0, Bl P S.s B.C. | PH S.T. B.0,
61+ + 4~ 1= 4+ 4 ‘
10 [« + +]- I 4 1= + 4 0 B.0 37.52 13M [ 8.0 27.74 124 8.0 37.61  9M 8.0 56.87 M | 8.0 57.13 T
Bl ¢+ ¢]- « 4= ~ ¢4
4 8.0 # 17007 | 7.9 #  6.IM 7.9 # 128 7.9 # 220 | 7.9 # 600
Chemioal Range .
7 8.0 # 7 179 £ B.6M 71 # 29y 7.9 4 41 | 7.9 # 65
B OB B OB ) i
o 8 8 glg g gsg 10 8,0 # o {79 # 1701 7.7 #  14M 7.9 4 20 | 79 4 48
eI YT LRy
L I I I I R B 24 8,0 37,52 O | 7.8 37.61 2007 8.1 37.74 2.1M 7.9 54,31 13 | 7.9 55,66 68
Be ool = ¢+ + 4|
S, para- ¢ ¢ + +|
typhi B |
S.aureus ¥ + + ¢
1

3.7, signifies surface tension in dymes per centimeter.
** B.c. gignifies bacterial count per cc.
4 M signifies millions.
k P gignifies thousands.

® Where no M or T follows the enumeration, the figure is the actual bacterial count per cc.,
that is, 14 organisms per cc. in this case.

£ Yo measurement was made.
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that this capacity to react with proteins and to split pro-
tein conjugates eventually causes the destruction of essen-
tial components of living bacteria, resulting in death of
the cells. However, with the possible exception of the paper
by Quisno and Foter (50), very few reports have been made on
the comparable efficiency of the guaternary smmonium compounds
in acid ranges. These authors demonsfrated that Ceepryn was
as efficient at pH 3 as at pH 8 against both gram-positive
and gram-negative organisms. Although acid ranges as low as
rH 3 were not exploréd in the study herein presented, the
results in Table 10 indicate that CTAB was certainly as ef=-
ficient against Z. coli at pH 5.2 as it was at pH 8.

| 4n important point that should enter into an eval-
uation of quaternary ammonium compounds is their ability to

perform effectively over an extended veriod of time. For

example, in comparing the counts of S. paratyphi B at pH 5.2
and at pH 8 in Tables 8 and 10, it will be noted that employ-
ing the same concentration of cationic (1-5T with Rocecal and
1-207 with CT4AB) at both pH levels, the end result (after a
24-hour period) was a higher count at pH 5.2. However, if
one should evaluate these germicides after a 4-hour exposure
period, the result would be a 99-percent reduction in count
at pH 5.2 and an actual increase in count at pH 8. To a
lesser degree; this was true of lauryl pyridinium chloride
(Table 9) where there was no increase in count at pH 5.2

and a rise in count at pH 8. Naturally, this would serve as

an unfair evaluation of relative germicidal activities.
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First, the concentrations at which the comparisons were made
were non-germicidal concentrations (so far as complete kill
was concerned). Second, the possibility of bacteriostatic
rather than bactericidal activity may be the explanation of
the results. If the hypothesis is correct that bacteriostasis
is characterized by a period of no visible development followed
by multiplication st a rate which shows no inhibition by the
chemical agent (29), then the reduction in baeterial numbers
during the first 7 or 10 hours at pH 5.2 cah be explained by
bacteriostatic rather than by bactericidal action. The prop-
erty of these compounds to maintain the bacterial population
at a level which is 99 percent below the initial inoculum for
periods of 7 to 10 hours, might be consldered additional proof
of stasis. However, under the conditions of this test, no
positive statement concerning bacteriostasis can be made.
There is no absolute correlsation of results between
the chemical-range tests and the growth-curve tests.* This
obgervation is similar to that noted in the anionic studies.
puisno et a2l (51) present a possible explanation for this
diécrepaney. They point out that when the test-tube method
is used for testing synthetic cationic agents, it is quite
possivle for a significant proportion of guaternary ammonium
molecules near the extreme upper margin of the meniscus to
be attracted to the air-water and glass-water interfaces.
These molecules are so arranged that the lethal lipophilic

portion is oriented towards these interfaces and therefore

[

* This lack of agreement will be discussed in the section
entitled "Bacteriostatic Tests.”
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ig not available to act on bacteria that may float towards
the region of the meniscus. As for other possible explana-
tions of the difference in results between the two tests,
the same reasons presented in the discussion of anionic
agents would be applicable here. ‘

In comparing the three cationic agents on the ba-
sis of percentage of active ingredient, it becomes apparent
that Roccal was the most germicidal and CTAB the least ger-
micidal against the gram-negative organisms. However, all
three compounds are avyproximately egqual in their bactericidal
activity against S. aureus. Since the Roccal powder used in
these tests only contained approximately 3.5 percent of ac-
tive ingredient, it became necessary to employ a more concen-
trated Roccal solution, in order to check on the validity of
the large conversion factor. For this purpose, a commercial
10-percent liguid solution of Kocecal was used. Growth-curve
tests showed the liguid solution to be between two-and-one-
half and three times more germicidal than the powdered com-
pound at the three pH levels. Conseqguently, in addition to
substantiating the potency of Roccal as a germicide, it also
proved that the filler materisl used in the powdered Rocecal
preparation did not materially hinder the performance of the
active ingredient.

The role of concentration of synthetic agents in
bacterial growth is best exemplified by the cationic agents.
When oitiy those concentrations which permitted 3. aureus to

survive for 24 hours were used, it became apparent that a
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wide range of low concentrations of the gquaternary ammonium
compounds were capable of maintaining a very limited bacteri-
al population. Roceal (pH 8), in dilutions of 1-40T, 1-50T,
and 1-70T, reduced the S. aureus population from 6M organisms
per cc. to 7 organisms, 100 organisms, and 75T organisms per
cc., respectively, in 24 hours. CTAB (pH 8) reduced the num-
bers of bacteria from 7M per cc. to 13 organisms per cc..at a
1-8007T concentration, while a 1-~1M dilution gave a final count
of 68 organisms per ce. LPC (pH 7) at concentrations of 1-200T
and 1=-3007 decreased the counts from 6M per cc. to 96T per cc.
and 4607 per cc., respectively. On the other hand, comparable
gradations of concentration usedlwith He co0li usually resulted
in large differences in bacterial numbers, e.g., LPC (pH 7)
at concentrations of 1-20T and 1-40T resulted in 24-hour counts
of 24 organisms per cc. and 43 organisms per cc., respective-
lve The anionic agents 4id not consistently parallel the
cationic compounds in their effects on S. aureus. The only
two anionic compounds which afford an opportunity for compar-
ison are Duponol OS and Tergitol 7. Duponol 0S (pH 5.2) at
concentrations of 1-5T and 1-8T reduced the bacterial numbers
to 39T and 58T organisms per c¢c.,, respectively. However,
Tergitol 7 (pH 7) at concentrations of 1-20T and 1~20T de-
creased the counts to 28 organisms per cc. and 72M organisms
per cc., respectively.

Since the cationic agents displayed such marked
germieidal activity, it was thought advisable to ascertain
their bactericidal or bacteriostatic effects on the basis of

relatively short exposure periods. Those concentrations of
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TABLE 10a

GROWTH O¥ B. COLI, S. PARATYPHI B, AND S. AUREUS AFTER
SHORT PERIOCDS OF EXPOSUR® TO ROCCAL, CTAB, AND LPC

411 counts are in terms of bacteria per cc.

Time Interval in Minutes

Compound [Concen~|pH Organigsm
tration O | 15 20 60 120
5.2 13M| 13M| 1eM| 18M| 286M

Be coli .
B.O 14M | 14M|] 17x] 18M| 28M
5.2 8M 8M| 1O0M| 12M| 16eM
Controls Se paratyphi B

f 8.0 | M w| 10M] 2BM
ﬁ 5.2 | M| sM| om| 10M

f S. aureus
: s.ol T~ - eM| eM| &Y | 7M| 15M
: '1-6T |8.0[ B. coli 1aM| 6M| BM| 3BM|1.5M

Roceal 1-57 |8.0|S. paratyppri B omM| =M| 3nm| 3M| 3M

1-40T {8.,0| S. aureus il sm|z.sM| M| 3M
—_— e —— :
1-30T |52 151 {1 7M|700T [600T {400T
B, coli '
1-207 |8,0 15M OM16.BM |Z,9M 2. 8M
GT AB 1-20T |5.2 oM | 12| 27| 27| 800
Se paratyphi B

| 1-207 |8.0 oK |5.3M|2.4l [1.2M]| 2M
g 1-800T |8.0| S. aureus gr| 1M|[s00T {1007 | 20T
1-407 |8,0 E. coli 12| 5M| 5N |[560T |200T

LpC 1-407 |8.0|S. paratyphi B| 8N {2,5L 2M 2M M

8,0 S aureus 7N 6N 6N 61 aM
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cationics which d4id not corpletely kill the organisms in 24
hours were selected for this study. The results of these
short growth-curve tests are presented in Table 10a.

An ungualified correlation does not appear to exist
; between the results of the 2-hour exposure period in the
él; | short growthe-curve tests (see Table 10a) and those of the
comparable 4-hour exposure period in the 24-hour growth-curve
tests (see Tables 8, 9, and 19). However, it is apparent

from the results in Table 10a that the majdrity of the com-

pounds tested caused a sharp decrease in bacterial numbers
during the first 15 minutes, followed by a lag period last-
ing from 45 minutes to 105 minutes. This lag period might

; be indicative of bacteriostatic aétivity.

De Non-=-Ionic Compounds

In the literature on non-ionic agents, there is
general agreement that the germicidal activity of these com-
pounds is either negligible or non-existent. Unfortunately,
the writer has failed to find any published data to support
this generalization, other than simple statements to this
effect. Although a complete survey of the different types
of non-ionic agents was not attempted in this study, the
data on the two compounds used (see Tables 11 and 12) sub-
stantiate the accepted generalization.

By employing strong concentrations of the non-ionic

- agents, it was possible to show their activity in reducing

bacterial numbers of all three types of organisms, when com-

vared with the counts in Control Table 2. There was likewise
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TABLE 11
DATA SHERT ON EMULPHOR ON

pH 7
Phenolic Range .
Min.|E. coli | S. Eara- 3. aureus
Sypal 5
o o E. coli } 3. paratyphi B S. aureus
O 0o 6loo &d|o o o ’ —
T M RN S S 1-80 1-50 1-20 1-50 1-20 1-50
. ~ =~ - L B O o §
18 L3R B I R N I S Hra.| p# S.7.% B C.**|pE 8., Bule||pH 8.7, B.C,|pE SuT. BoCu||PE SoTe B.Co [PH S.P. B.Ce
- F dle = 4]~ 4 4

16 = ¢ #|= = + 1=~ =~ & 01 7.0 #7.61 12M* {7.0 37.99 1amll 7.0 37.61 sul7.0 37,94 8M| 7.0 B7.64 6M |7.0 BN.94 &M
Chemical Range 4 1| 647 37.66 4B [6.7 38.0Z 7EM[j6.5 37.56 6BM|6.8 37.94 MOM| 6.9 37.64 5.7 16,9 38,03 &M
00 0000 o0 O 7 |l 6.8 37.66 82M 6,8 38.08 106M{{ 7.1 57,66 100M{7,1 38,03 124M (1 6.9 37.89 32.6X {6.9 38.03 4.1M
R
e B B A 10 || 6.8 37,56 OBM 16,8 38,08 68M| 7.2 37,62 1562M)7.2 38,02 180M |l 6.9 27,89 2.2 |6.9 36,03 2.8M

Bo coll 4+ + 4 + + 4 4 4

24 || 6.9 37.56 65M 7,0 28,08 120M|| 7.6 37.52 169M|7.5 38,03 214M [16.9 37,89 11,7M[7.0 38.08 2&M

Separa=+ ¢+ + ¢+ + 4+ + 4 .

yphi B

Geoureug + + 4+ + + ¢ + 4

pH 6.2

Phenolic Range

Min.|E. colj |8. Eara— S, nureus
typat 5

B. coli S. paratyphl B S. aureus
O 0O 0jo o 8 o Q@ O
SRR AN 120 1-20 120

L B B I I S I B Y I I |

5[+ + 4[4 ¢+ + = ¢ & Hra, pH SeT4 - B.C. pH SeTs B.Ce P SaTs 3.C.

10 [= ¢ 4= & 4 |= 4 &

W6 = & ¢ |= + & |= & ¢ 0 Be2 .75 158 5.2 37,75 BM 5.2 37.78 6M
Chemical Range 4 ] # B86M 6.6 # 28M 5.2 # 1757F
o000 Qo 0o 7 .4 # 1064 6.0 # 107 B2 # 2451
TESYTESNG ,

A A A A A A 10 5.5 # 1201 6.4 # 203y 6.2 # 1K

Eoooll 4 4+ 4 ¢ 4 + ¢4 -

t 24 5.8 37.89 214N 6.8 37,89 239M 6.1 37,76 90M

3. par8= ¢+ + 4+ + ¢ ¢+ ¢+ ¢

typhi B

Jeaureus + + + + + + + ¢

pH 8
Phenolic Range
Min.|E. ooli |S. para-]S. aureus
T E
- o B. ooli 3. paratyphi B S. aureus
£82|1883 (8RR 3 B —_— _—
-2 - _
AAA A A A 120 1-20

bl+ + + 1+t ¢+ 4 - + 4 Hrs, pH S.Ts B.G, pE SeTs BeCa PH SeTe BeC

0= ¢ 4= ¢ ¢+ ]~ + +

15 (- ¢+ 4=~ ¢ 4 |~ = ¢4 0. B0 37456 15M, 8.0 37.56 8M 8.0 37.56 oM
Chemical Range 4 7.8 # 1108 8,0 # 51N 8,0 & 207
3' % g| c% 8' gi g' 9‘: 7 7.7 # 1178 8,0 # 123K 7.9 # 2.1M
L 10 || r.s # 128K 8.1 # 23 | M9 # ol

Be ool 4.4 4 &+ + % t ¥ o ;

oo 24 8.0 3761 la2M 8.2 - 37.61 1610 8.1 37.56 - 52N

_ﬁ__s-a!‘a-*r+++++++

typhl B

Semureus ¢+ + $ ¢ + + & ¢ B

3.7 signifies surface tension in dynes per centimeter.
** B.C. signifies bacterial count per cc.
4 M signifies millions.
¥ 17 signifies thousands.

# No moasurement was made,
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TiBLE 12
DAT4 3HEET ON TRITON X-100

pH 7
Phenolic Range
Fin.|B. coll | 5. para=|3. aureus
typhi B
o . coll 5. paratyphl B 3, aureus
co 3loo 8loo o _— _— _—
© & o e dle s @ 1-20 1-50 120 1-50 1-20 1-50
L B I e e B | MoH oA
18 4+ +|- 4+ + |-+ ¢ Heso|| pE SoT2* BuC**|pE 5.0 BuCo [[pH S.7s B.Co|pH SoT. B.Co |[pZ SeTe BoCo [pE S.Ts B.Cs
LR Y CEE TN B
6 1l= & 4] « &)= « 4 0 7.032.66 12u% |7.0 22,75 14M[ 7.0 32,66 8% [7.0 22.75 8M ||7.0 Z2.62  6M|7.0 Be.vi 6N
Chemical Range 4 || 6.8 32,62 56N |6.,9 32.68 MM | 6.9 32,71 10M |6.9 32.66 18.6M||7.0 32.62 1701‘* 7.0 32,71 2807
00 0000 0o 7 Il 6.9 32,62 31 |[e,9 32,57 53M|[7.1 22,71 BOM |7.1 32.66 57M [17.0 32.57 607 (7.0 3.7 607
TESTRGNG
A A A 10 || 7.0 22,62 15M 7.0 32.57 67M{i7.3 32,66 60M |7.% 32.66 61M (7.0 32,57 1007 (6.9 32,71 6007
Esoodd + 4+ + + ¢ + ¢+ +
- 24 §t 7.0 32.75 90M 7.0 32,66 112M|(%.5 32.85 52M |7.5 32.66 100M |[6.9 22.75 .EM|[6.8 32.66 10M
3. para- ¢+ + ¢+ + § % % 4 -
typhi B
Sesureus + * + + + + + <+
. — e pH 5.2
Phenolic Range
¥in. |Bs cold |S. para= |3, aureug
B ot g pare e e
o E. coli S« paratyphi B S. aureus
gelRea|Re g 1-20 120 : 1-20
I I PR R N P I I
b + 0t |-+ ¢+ |+ 1 + Hra. pH S.7. B.C. pH S« B.Cs pH Sels B.C.
10 CIE 3 I I I
15 - bl - 4|4 0 5.2 32,71 12K 5.8 32,71 8y 5.2 22,71 6U
Chemical Range 4 5¢3 # 38M 5.4 o # 20M 5.2 # 2,1
co o000 o0 o 7 5.4 # 47 5.8 # 51H 5.2 # 171
TESIR eSS
L R U 10 5.8 # 54l 6.3 # 94N 5.2 # .14
Eecoll # + ¢ 4+ ¢+ + ¢+ 4
— 24 5.8 32,62 58N 6.7 22462 120K Bel 32476 8M
S.Ears-+ S I
P
Seaureus + 4+ + + + + + %
pH 8
Phenolic Range
Min.[E, ocoli ts_._ﬁa_r? 8, sureus
o ‘m'—o‘ B. coli S paratyphi B S. aureus
9o 06looc|oo o —_
o RIT T 1-20 : 1-20 1-20
P I T B | -l -~
b + ¥ t |- + 4 ¢+ + 4 Hrs. pH 8,7 Be e pH 34T BeCe pH SeTs BaCe
0|- - - +
%5 - : : - '.‘ I - 1 + 0 8.0 32462 124 8.0 32,62 BM 8,0 32,62 oM
Qhemj_cal nge 4 7.8 # 55M 7.9 # 14M 8-0 # 4.8“
9: % ‘O? % 3' 5:, gl gi 7 7.7 # 64M 7.8 # 44u 8.0 # 1407
A AddA-A 10 7.8 # 42M 7.9 # 34K 8.0 # M
coli + +
B vyt 24 7.9 22,57 318 8,0 32,57 26 7.9 32,71 14¥
S. para= 4+ + ¢+ + % 1 % 4
typh
S.aureus ¢+ + + t + + + ¢

* 8,7, signifies surface temsion in dynes per centimeter,
** B.C, signifies bacteyial count per cc.

4 ¥ signifies millions.

7 signifies thomsands.

# No measurement was made.
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a curtailment.of the normal shift in pH, although to a much
lesser extent than that occurring with either anionic or
cationic agents.

The role of pH exerts some influence on the activ-
ities of these compounds. Emulphor ON was most active against

X

S. aureus at pid 8 and against HE. coli and S. parastyphi B at

pH 7. On the other hand, Triton X-~100 was most effective
against S. aureus at pH 7, and against E. coli and 5. para-
typhi B at pH 8.

Althoﬁgh the data presented in Tables 11 and 12
are by no means conclusive, it is interesting to note the
complete reversal of the inhibitory powers of the two agents
against gram-posgitive and gram-negative organisms at pH 7
and pH 8. TFunctioning at their optimal pH ranges, both com-
pounds are capable of reducing the 5. aureus population by
better than 97 percent for 4 hours or less. No attempt was
made to establish whether this activity is bacteriostatic
or bactericidsal. |

Information concerning commercisl uses, methods of
preparation, etc., of non-ionic compounds can be found in the

papers by Goldsmith (26)(27).

Be Bacteriostatic Tests

Desired dilutions of surface-~active agent were pre-
pared in test tubes in b-cc. gquantities. To each tube, 0.1
ce. of a 24-hour organism suspension was addé@;_ Tubes were
well shaken and then incubated for 24 hours at 37 degrees C,

After 24 hours, subtransfers (2 loopfuls) were made into
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FeDeAs broth, and both sets of test tubes were incubated
for 24 hours. Each 24 hours thereafter, for 2 additional
days, subtransfers from the original set of tubes were made
into FeDeA. broth. Positive growth was recorded on the
basis of visual turbidity. This method is a modification
of that suggested by Kolmer (37).

Since the gquaternary ammonium compounds, as a
group, are considered more active bacteriostatic agents
than the anionic compounds, bacteriostatic titres on the
former agents were determined at the three pH ranges. The
results presented in Tagbles 1% and 14 are in agreement with

the accepted genersalization concerning relative bacterio-

gtatic powers. The acid range only was used for the anionic

agents, since they are generally most active against bacteris

T A Y Ty TRy W W N W U T P T Iy YTy Rty
R A S RSt s ek A Sl s A aeh S S e e 0 D R S e £ s s |t s 5 S A ey e A hA e o Gty
it R e s e g S S e St R R e e SR | et R R e e S R S R R e SR S

at this pH level.

é In the bacteriostatic tests, the number of organ-

? iams initially introduced into the test tubes was almost iden-
tical with the number initially inoculated in both the chemicale
range tests and the growth-curve tests. Such control of the
quantity of organisms originally introduced more clearly de-

fines the conditions of these tests and makes possible a more

exact dquplication of results with all three methods of test-
ing. The agreement between the results of the chemical-range
tests and the 24-hour readings of the "subtransfer" tubes in
the bacteriostatic tests™ is very good in spite of the fact
that the tests were made 1 to 6 months apart.

* It gshould be noted that the chemical~-range tests and the

24-hour "subtransfer” determinations in the bacteriostatic
series are identical tests.

L
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TABIE 13

DATA FROL BACTRERIOSTATIC TESTS AT pH 5.2

Original

068~-T JO9~-T + + + IOP-T -+ - LOS-T o o
J03=T ++ + 003-1 $OS-=T + + IOe-T + 4+ 1 LO3=T -+ + 0
I0T~T + + 00T-T I0%-1 + - . ~ J02-T 1 TOT-T =0
IL8-T + 06~T ..M .m .M JOoe-1T t s o Zor-T ’ [ ] &8-T LI
IL~T e os-t n | @ b} T03-T 1 Ig-T v Is-T )
$9-T -1t 0L~T = & & TOT~T | [T | IT-T [ ] IT-T [
o - e : _— e — e — 11 o U Salial
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T4IE 14
DATA FROM BACTERIOSTATIC TESTS
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No bacteriostatic effects were ¢observed in prelim-
inary tests with the non-ionic agents.

Under the limitations imposed by the turbid and
granular sappearance in solution of some of the anionic agents,
as well as by the nature of the test employed, it is impossi-
ble to make any absolute statement concerning the general ex-
tent of bacteriostatic activity of these anionic compounds.
The results with Nekal BX, Nacconol NRSF, and Igepon AP indi-
cate that no static effect was apparent against the gram-
negative organisms. However, the results in Table 5 indicate
that Tergitol 7 might possibly have exerted a bacteriostatic
effect on E, coli. The strongest evidence of bacteriostasis
was displayed by N-kal BX against S. sureus.

A1l the cationic agents (see Table 14) exhibit bac-

teriostasis agsainst S. aureus, the most marked effect always

oceurring at pH 8. These compounds similarly affect E, coli,
although no generalization concerning'the PH range can be
made. With the exception of LPC at pH 5.2, no cationic agent

displayed bacteriostatic activity against 3. paratyphi B.

Hoogerheide (31), in his experiments with CTA4B in
the preseneé of serum, observed that "A concentration of two
to five times the critical bacteriostatic dilution was found
to be bactericidal." This observation is substantiated (see
Table 14) by results with S. aureus alone when exposed to all
three cationic agents at pHE 8 and with Wekal BX at pH 5.2
(the oniy PH range at which Nekal BX was subjected to bac-

teriostatic tests).
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4 comparison of the growth results in the "sub=-
transfer"” tubes with the 24~hour counts in the growth curves
(Tables 3 to 10) indicates no steadfast correlation. 1In
those instances where it was possible to observe growth in
the "original" anionic tubes, the relationship is not clear-
cut. The cationic égents are likewise variable.* 1In every
instance with CTAB, the results from the "original" tubes
more closely paralleled the results in the growth curves than -
did results from the "subtransfer" tubes. This was also the
case for E. coli exposed to Roccal and LPC. On the other

hand, for S. aureus reacting with Roccal and LPC, results

from "subtransfer'" tubes paralleled growth-curve results
more closely than did results from "original"™ tubes.

| Perhaps this apparent lack of positive correlation
can partially be attributed to the lack of agreement among
various authors ags to what constitutes bacteriostasis. The
term "bacteriostasis" was first introduced to indicate that
the action of certain dyes on bacteria was more inhibitory
than germicidal. Since that time, an attempt has been made
to arrive at s more specific definition. This was necessary
because, in studying the effect of chemicals on bacteria, no
specific line of demarcation could be dréwn between the in-
hibition of bacterial multinlication and germicidal activity
(49).

Hoffmann and Rahn (29) stated that bacteriostasis

is manifested by a long lag pericd, followed by a normal
* Since S. pvaratyphi B was used mainly for purposes of com-

parison with X. coli, the former organism does not enter
into this particular discussion.
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rate of multiplication. However, extended stasis leads to
death. Roberts and Rahn (53) point out that retardation of
bacterial growth may have little or no effect on enzyme ac-
tivity. This observation is in agreement with the report of
Sevag and Ross (55). Ely (18), attacking the matter from
the ovposite direction, showed that inhibition of respiration
had nc effect on bacterial numbers.

Present studies on quaternary ammonium compounds
enploy methods comparable to the Shippen modification of
the FeDeAe. Phenol-~Coefficient Method. In this method, as
well as in the method outlined by Kolmer, no visible growth
in the'original tube followed by visible growth in a sub-
transfer tube indicates that the chemical agent exerted
bacteriostatic rather than bactericidal action. The assump-
tion is that by sufficiently diluting out the chemnical agent,
the bacteriostatic effect can be mitigated. Another method
utilizes original tubes only. If these tubes fail to show
growth in 1 or 2 days, but do show visible growth in 3, 4,
or 5 days, the term bacteriostasis is sapplied. Actually,
the definition by Hoffmann and Rahn appears to be most prac-

tical at present.

T, Surface Tension and pH Controls

The dilutions of synthetic agents selected for this
study represented the concentrations which first permitted
growth of E. coli and S. aureus respectively at the pH levels

investigated in the growth-curve studies.
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Erlenmeyer flasks containing the desired concen-
trations of surface-~gctive agent were prepared in the same
rmanner as that described under the section entitled "Growth
Curves and Related Phenomena." However, only 1 hour elapsed
between the time the surface-active agents were added to the
broth in the flasks and the solution adjusted to the desired
pH, and the time the "O-hour" readings were taken.

A1l flasks were incubated at 37 degrees C. Prior
to taking surface~tension measurements* with the du Nouy
Tensionometer, aligquot portions of the synthetic agent soiu-
tion were transferred into test tubes immersed in a water
bath at 37 degrees C. The measurements were made at 37 de-
grees C., Since that was the temperature at which the organ-
isms were grown in all the previous tests performed. Read-
ings were taken approximately 10 seconds after the solution
was placed in the standard watch glass. The remainder of
the aliguot portion was employed for pH determinations in
a Beckman pH meter.

The results of the surface-tension and pH control

tests are presented in Tables 15, 16, and 17.

* The formula for surface-tension calibration was as follows:

Mg
— x R

¥ = I
2L

where ¥ is the surface tension in dynes per centimeter,
-~ M is the total weight in grams added to the ring,
g is the acceleration of gravity,
r is the reading on the scale of the above weights,
R is the reading on the scale of the unknown solution,
and L is the mean circumference of the ring.

y
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TABLE 15
MEASUREMENTS OF SURFACE TENSION* AND pH WITH CONTROL BROTH

Surface Tension pH
in dynes per centimeter
Hrs., | pPH 7 |pH 5.2 pH 8 Hrse| pE 7 |pH 5.2 | pH 8
0 56.04|54.45 |56.27 0 7.05 5.26 8.056
4 | 56.04|54.45 |56.27 4 7«1 5.3 8.1
7 56,04|54.45 |56.27 7 7.1 5.3 8.1
10 | 56.0454.45 -56.27, - 10 7el B.3 B.1
24 56.04154.45 |56.27 24 7.1 5.3 8.1
30 56,04]154.45 |56.27 30 7.1 5.3 8.1
48 56,04|54,45 |56.27 48 7.1 5.3 8.1

* The surface-terision reading of singly distilled water
(pH 6.5) at 37 degrees C. was 70.34 dynes per centimeter.

The puyrpose of the surface-~tension and pH control
tests was to observe any vossible relationship between the
stability of the solutions of synthetic agents and their
effects on bacterial growth as noted in the growth-curve
experiments.

The results in Tables 16 and 17 indicate that the
time required for a sclution of a surface-active agent to
reach equilibrium is proportional to the concentration of
the agent, i.e., the time required increases as the concen=-
tration decreases. This is in agreement with the findings
concerning surface tension by Adam and Shute (1). The
anionic agents (in concentrations greater than 1-700) and

the non-~ionic agents reached equilibrium immediately, whereas
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those anionic compounds in concentrations of 1-10T or less
reached eqguilibrium in from 10 hours to beyond the l1limit of
the test period.

Roceal (Table 17) serves as a good example of the
relationship between concentration of synthetic agent and
rapidity of reaching equilibrium. At a concentration of
1-4T, equilibrium was reached in 10 hours; at 1-5T, equilib-
rium was attained in 24 hours; whereas at 1-6T, equilibrium
was reached in 30 hours. It is interesting that at a con-
centration of 1-50T eguilibrium was also achieved in 30
hours. However, at a 1-70T dilution no equilibrium was at-
tained in 48 hours. £n explanation for this last-mentioned
phenomenon might possibly be found in the paper by Lundgren
(44). He reports that in highly dilute solutions, long-
chain hydrocarbon salts behave as single ions, whereas in
more concentrated solutions these salts form micelles with
¢0lloidal dimensions. He arrived at these conelusions by
taking measurerents of conductivity and osmotic coefficients.
Gonick and McBain (25) point out critical concentrations for
micelle formation with non-ionic sgents. Adam and Shute (1)
likewise refer to critical concentrations. They indicate
that above a critical concentration of 0.001 N for a 16-C
and 0,01 ¥ for a 12-C hydrocarbon chain, ionic micelles be-
gin to form. They alsoc add that equilibrium of surface ten-
gsion is reached almost immediately at these concentrations.
In other words, it is quite possible that between the Roceal
concentrations of 1-50T and 1-70T, the alkyl dimethyl benzyl

ammonium chloride molecules may be dissociated into simple
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ions, thereby destroying the stability of the solution.

CT4B, at concentrations of 1-20T and 1-30T, at-
tained equilibrium in 24 hours, whereas the lower concen-
trations of CTAB and all the concentrations of LPC tested
did not succeed in reaching equilibrium during the 48-hour
test period. Under the conditions of these control tests
it is not possible to offer an explanation for the behavior
of LPC. However, if Adam and Shute are correct in their
contention concerning the critical concentration for a 12-C
hydrocarbon chain, then it is guite apparent that the con=-
centrations of LPC used in these tests were far below the
0.01 N range, and consequently the solution was in an un-
stable condition. The writer has not seen any litersture
on the relationship between the pyridine structure in a syn-
thetic surface-active agent and the surface-tension stability.

On the basié of the surface-tension and pH control
tests, the pH of the medium seemed to have little effect on
the rapidity with which surface~tension equilibrium was at-
tained. With the exception of Nacconol HNRSF at pH 8, all
the surface-active agents presented uniform stability in the
pHE control tests. There was no shift in pH to compare with
the shifts taking place in surface tension. MNoreover, CTAB
solutions (1-Z0T) st both pHE 5.2 and pE B8 achieved surface-~
tension equilibrium within 24 hours. This indicated that,
within the pH ranges tested, the pH exerted 1little influence
on the attainment of surface-tension eguilibrium. Admittedly,
however, the pH ranges tested were too narrow to justify mak-

ing a broad generalization.
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As for the relationship between surface~tension
gtability and bacterial growth, the only generalization that
can be made, on the basis of the results in Tables 16 and 17,
is that a stable solution of a synthetic surface-sctive agent
is not necessary for germicidal activity against S. aureus.
This statement in no way contradicts the findings of some
authors (62)(33) that the undissociated molecules of the
surface-active agent (concentrated solutions) are more ger-
micidal than the ionized molecules (dilute solutions). How-
ever, it would be desirable to ascertain the possible potency
of the dissociated hydrophobic portion of the molecule.
Quisno and Foter (50) reported that Ceepryn (cetyl pyridinium
chloride) in a 1-2T7 concentration was as effective a germi-
cide at pH 3 as it was at pH 8. BSince Ceepryn would most
likely be dissociated at pH 3, it is guite possible that,
with the proper concentration of the synthetic agent, the

dissociated cation might also be germicidal.
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VI. GENERAL DISCUSSION

A thorough review of the literature pertaining to
the bactericidal or bacteriostatic effectiveness of synthetic
surface~active agents indicates that the majority of research-
ers used a modification of the Phenol-Coefficient lethod (54).
in their studies. This technic was used mainly as;a means of
ascertaining the potential quick-killing power of the various
compounds under test, and to conform with previous presenta-
tion of data in the literature. In 1943, Anderson and Mall=-
mann (2) pointed out that the F.D.A. Method (Phenol-Coeffi-
cient Method)‘offers a fair means of comparing phenolic prep-
arations but is not applicable wh en other types of germicidal
preparations are used. Reddish’(sz)_reaffirmed this limita-
tion, and strongly warned against use of the Phenol-Coefficient
Method in testing guaternary ammonium compounds. Hotchkiss
(32), Klarmann snd Tright (35), and DuBois and Dibblee (14)
likewise point out discrepancies arising from use of this
method.

It was not survrising to see a series of papers
recently published dealing with suggestions for modifying
the overworked F.D.4. technic. The purpose of all these
papers was to arrive at a more correct evaluation of the
germicidal effectiveness of the guaternary compounds under
practical conditions. Reddish suggested the Use-Dilution
Method (46) as the most promising at present. Quisno et al
(51) and Armbruster and Ridenour (4) have proposed methods

for avoiding misinterpretations due to bacteriostasis.
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However, in all these methods, the short period of
exposure limits a clear understanding of the gradual effects
that are exerted by the synthetic agents on bacteria. With
the exception of the Use-Dilution technic, 2ll the modifica-
tions of the F.D.A. Method merely describe the all-ocr-none
result, i.e., complete kill or survival. Even those papers
dea’i ‘ng with the relationship of surface-active agents to
metabolism of bacteria (18)(6) have likewise employed meth-
ods involving an exposure period of only 1 or 2 hours,

Another limiting factor in the evaluation of these
compounds is the arbitrary choice of concentrations at which
to observe the effects on growth or metabolism of bacteria.
In many cases, such cholces represent the extreme ranges of
activity of the synthetic compound, i.e., complete kill or
complete ineffectiveness, leaving unreported the potential
activities of a whole series of dilutions between these ex-
tremes. One of the main purposes of the»study undertaken
here was to fill in such gaps and at the same time to de-
fine as many of the test conditions as possible, i.e., time,
pH, surface tension, concentration of synthetic agent, and
initial numbers of organisms.

The one point on which most of the investigators
in this field agree is the importance of pH., It is now
known that the mere revorting of a killing concentration of
a particular synthetic compound is not sufficlient. Whereas
it is generally accepted that anionic agents are most effec~
tive against bacteris in an acid range and the quaternary

ammonium compounds in an alkaline range, the latter compounds
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do not always follow such a simple rule. These compounds
are definitely rost germicidal against 8. aureus in the
alkaline range; however, certain of the mere concentrated
golutions of Roceal and CTAB exert nearly as effective a
bactericidal and bacteriostatic action on the gramn-negative
organisms at pH 5.2 as they do at pH 8. Lauryl pyridinium
chloride follows the genéral rule of being more active in
an alkaline range for all thrée organisms. As for the non-
ionic compounds, the optimal pH levels varied with the gram
nature of the organism, and with the compounds themselves
{see section entitled "Non-Ionic Compounds™). |

The important papers by Gershenfeld et al (22) (2%)
(24) have definitely tied maximum bactericidal efficiency of
synthetic surface~active agents to the optimum pH at which
they are emvloyed. 4n historical review of the relationship
of pH to germicidal activity is presented in the last-
mentioned papver by Gershenfeld. As to the explanation for
the effect of pH on these germicidal agents, the literature
offers many theories. Stearn and Stearn (58) suggest that,
at optimum pH levels for germicidal action, the bacterial
membrane or protoplasm is so altered as to make the bacteria
more susceptible to the action of the chemical. Hartley (28)
demonstrated the formation of micelles as a result of hydrogen=-
ion concentration. Baker; Harrison, and liiller (6) suggested
that pE activation (for maximum germicidal effect) was in the
direction which favored formation of undissociated molecules
possessing greater ability to penetrate into cells. Gershen-

feld and Y¥ilanick (24) present the hyvothesis that the pH
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effect may be responsible for salterations of the solubility
of the reducing asgents in solution. Unfortunately, very
little is known of the relationship between the change in
pH of the living bacterial vprotoplasm and the pH changes
taking place in the medium.

The importance of the influence of dissociated
and undissociated molecules of surface-active agents upon
bacterial growth and inhivition has recently occupied the
attention of a large number of workers in the field of syn-
thetic surface~active compounds. It is now fairly well
established that the undissociated molecule not only has
greater penstrating ability (48), but that it slso accounts
for the germicidal nature of concentrated solutions. This
theOry‘is further strengthened by the fact that dissociated
molecules in dilute solutions exhibit less effective bacteri-
eidal and hacteriostatic action. Physical-chemical measure-
ments on solutions containing varying concentrations of syn-
thetic surface~active agents have led to the acceptance of
a critical concentration for micellar formation. It has
likewise been established that above this critical concen-
tration lie the most germicidal levels of the synthetic com-
pounds. However, the report by Quisno and Foter (50) and
the results of Roccal and CTAB against the gram-negative
organisms, presented in Tables 8 and 10, indicate the neces-
gity for a more comprehensive knowledge of the bactericidal

or bacteriostatic role of the dissociated molecules in acid

rangese.
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Many attempts have been made to correlate chemical
structure of synthetic compounds to bactericidal efficiency.
The most succegsful results have been attained within an
homologous series of a particular synthetic agent. The im-
portant factor in such studies has been the length of the
nydrophobic carbon chain. Hoogerheide (31) and Shelton et
al (56), working with guaternary ammonium salts of the gen-
eral type R-(CHj); -N~Br found that as the straight-chain
alkyl groun (R) was increased from C¢ to C,;, germicidal
activity likewise increased, with the maximum potency at Ci .
In a series of alkyl pyridinium chlorides, the same germi-
cidal relationship existed with the increase in the straight-
chain alkyl group from Cg to C, (57)(%6). Similar results
were Obtained from studies with dialkyl methylbenzyl ammon-
ium chlorides (41). The work with anionic agents likewise
substantiated the correlstion bhetween carbon-chain length
and bactericidal efficiency (10)(59). However, the attempts
to correlate the structures of different types of surface-~
active sgents to bactericidal powers were not entirely suc-
cessful. Hotchkiss (32) summarizes these efforts as follows:

"No unigue active chemical groups have been recognized.
Indeed, two active substances may bear dissimilar groups, and
vet other substances bearing these groups may be relatively
inactive, Nevertheless, within a homologous series, there
is a tendency for an optimally bactericidal substance to

exigtees”
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However, the literature is in agreement on the
bactericidal nature of certain synthetic compounds. Baker
et a1l (7) and Gershenfeld (24) report that Tergitol 7 and
Tergitol 4, respectively, were the most actilve germicides
of a series of anions tested. Domagk (13) and Baker et al
(7) pointed out the bacteriecidal efficiency of the alkyl-
dimethyl-benzyl ammonium chloride structure. The results
in the growth-curve tables substantiate the findings men-
tioned above. Baker et al (7) suggest that the effective-
ness of Tergitol 7 can be explained on the basis that it
is derived from a branched-chain, secondary alcohol, whereas
most of the other anicnic compounds are derived from straight-
chain, primary alcohols. They also suggest that the effect-
iveness of the 2lkyl dimethyl benzyl ammonium chloride com-
pounds is based on their possession of a benzyl group attached
to the quaternary nitrogene. It should be noted that in the
concentrations employed in this study, Nekal BX was the only
anionic agent which was bactericidal for all three types of
organisms. 4 possible explanation as to why the bactericidal
activity of this particular compound has been given very
little attention in thé literature is that only recently has
it been manufactured in a very high concentration. However,
on the hasis of percentage of active ingredient, Tergitol 7
was far more efficient against E. coli and S, aureus than
was Nekal BX.

The attempts to correlate curtailment of bacterial
metabolism with germicidal activity have likewise failed to

produce exact relationships. Contrary to the conclusions
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drawn by Baker et al (6) concerning the positive relation-
ship between respiratory and glycolytic inhibition and ger-
micidal activity, a number of papers (55)(53)(18) kave indi-
cated the lack of correlation between these phenomena. Data
were reported by Bly (18) showing as much as 50 percent in-
hibition of respiration, with no diminution of bacterial
numbers. Only at complete cessation of respiration are all
bacteria killed.

Although this writer has not found any steadfast
relationshir between the shift in pH and bacterial growth
at similar time intervals, as evidenced in Tables 3 to 10,
there still exist sufficient examples of deviations from
the normal pH trend to merit further consideration.

It is conceivable that, in a medium which is fair-
1y well defined, a control curve of pH readings, similar to
geidity curves in microbiological assays, can serve as a
partial indication of bacterial metabolism. ¥ith the medium
used in this study, it became apparent that the normal ten- |
dencies of the three bacterial types were to approach neu-
trality when initially grown at pH 5.2, to remain fairly
stable and then rise gradually toward alkalinity when grown
‘in the medium at vH 7, and to drop toward neutrality only
to rise again in the alkaline direction when subjected to
the medium at pH 8. These shifts in pH might gain in im-
portance if tests had been conducted to determine the extent
of bacterial breakdown of the peptone under normal conditions

and after exposure to synthetic surface-active agents. It
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is qulte 1likely that in the near future such concurrent

experiments will be made in order to explore more thorough-
1y the differences between bacteriostatic and bactericidal
action, as well as the significance of such related phenom-

ena as long lag periods and toxic effeects.
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VII. SUMMARY
A systematic study was made of the effects of cer-
tain anionic agents (Duponol 0S, Igepon AP, Tergitol 7, Nac-
conol NRSP, Nekal BX), cationic agents (Roccal, CT4B, IPC),
and non-ionic agents {Emulphor ON, Triton X-100) on the

growth of E., coli, S. paratyphi B, and 3. aureus.

An attempt was made to establish the rélationships
of pH, surface tension, bacteriostasis, and concentration of
synthetic agent, to bacterial growth. |

Growth-curve studies over periods of O, 4, 7, 10,

and 24 hours showed the following:

l. OConcentrations of 1-50 of Neksal BX and Tergitol 7
completely killed E. coli in 24 hours. Nekal BX reduced the

count of S. paratyphi B by more than 99 vercent in the same

period. This germicidal activity of anionic agents against
fairly resistant gram-negative organisms merits additional
investigation. There is very little literature dealing wifh

this relationship, and that which does exist is inconclusive.

2e ‘The quaternary ammonium compounds displayed germi-
cidal activities against all three types of organisms in
accordance with the accepted generalizations appearing in
the literature. These generalizations deal with optimum
bactericidal aetivity at alkaline ranges, greater killing
power against grar-positive organisms, and germicidal
efficiency at low concentrations. However, it was noted

that, in certain instances, the germicidal activities of
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Roccal and CTAB against the gram-negative organisms were as

marked at pH 5.2 as at pH 8.

3e The concentrations of 2all surface-active agents
used in these studies arrested growth of the three bacter-

ial cultures when compared with normal growth counts.

4., Determinations of pH made concurrently with growth-
curve platings showed arrested deviations from the normal
trend in pH shift. These determinations might serve as an
adjunet to the indication of interrerence with the normal

metabolic activities of the organism.

Test~tube bacteriostatic tests with the anionic
agents indicated no absolute proof of stasis against the
gram-negative organismsg, although bacteriostasis was noted
against S. gureus. Turbid and particulate nature of some
of these solutions prevented exact conclusions. The three
cationic agents exerted static effects against E. coli and

S._sgureus, whereas only LPC at pH 5.2 exerted bacteriostasis

against S. paratyphi B.

Surface-tension controls, with the majority of the
compounds, substantiated the general theory that rapidity of
attaining equilibrium is a function of concentration. Solu-
tions of LPC 4id not attain equilibrium in any of the concen-

trations tested within 48 hourse.
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