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INTRCDUCTION

The bacteriostatic and bactericidal activity of soans have
been known and studied for many years. This activity veries with the
type of soap, with the pH of the solution in which it is used, and
with the type of micro8rganism, The effect of these nntural deter-
gente has been thouzht to involve two factors--the toxic effect of
the soap molecule and its surface tension reducinz properties.

In recent years there has been developed another group of
wettine azents, the synthetic detergents. Certain of these compounds
have exhibited a startling bactericidal efficiency--far suverior to
that shown by the soaps. The literature of the last few years con-
tains many references to the various tymes of activity disvnlayed
by the synthetic detergents of different tynes, under varyinz »H con-
ditions, and in various concentr~tions, In view of the systematic
variztions in properties renorted for these compounds, their btacteri-

cidal action seemed worthy of further investigotion,



HISTORICAL SURVEY

The study of the activity of the soans against bacteria was
begun in 1911, when Lamar1 noted that pneumococci treated with sodium
oleate vecame more subject to autolysis and to commlete serum-lysis
with anti-pneumococcus serum, Nich0132 in 1919, as a result of his
work in the army duringz the World War, ovresented bacteriologic data
on the evidemiology of respiratory cdiseases. Fe observed that sodium
oleate had a selective action--killing streptococci readily in two
minutes, but having no effect on the typhoid bacillus in ten minutes.
Further, the antisentic action of the sozvs was lost if the reaction
wvas changed from a pH of about 8.5 to 7 by the addition of acid.

At about this time Avery3 noted that soans of the unsaturated
fatty acids were bactericidal for certain bacteria. He renorted that
the addition of sodium oleate to mediums prevented the growth of cer-
tain Gram-positive orcaniems, principally pneumococcus and strepto-

coccus, while the growth of Pacillus influenzae was enhanced by the

presence of this substance.

\“{alker,\4 in 1924, found that soaps prevared from the pure
fattyr acids differed marizedly in their germicidal pronerties, with the
lower members of the series possessing no (or limited) sermicidal

properties against the orzanisms tested. He also observed their selec-

tive action against different organisms., Stanhylococcus aureus, for

example, was not killed by any of the soaps; pneumococci and strento-
cocci were killed by the laurates, oleates, lincleates, and lirolen-
ates; wnile the tyrhoid tacillus was unaffected by these soans,

Esgerth conducted a series of exnmeriments which illustrated



different phases of the germicidal activity of soaps. He renorted in

[~
10267 that soap, in a concentration that was not in itself germicidsal,

¢

could considerably increase thre titre of acriflavine. ith increasing
molecular weight of the soap,6 the gernicidal titre increased to a
meximum, end then diminished. This was also true of the fatty acids,
vhich were often more germicidal than the corresvondinz so2p. The
lower members of the saturated series of soaps were most germicidsal
in an acid reaction, whereas the hisher members showed sreater germi-
cidal action when the pH was alkaline. Lipoids were found to be active-
ly inhibitory to the action of soans. So far as the substituted soap
g

compounds are concerned, he found thnt the toxicity of the alpha-bronm
soaps for all snecies of bacteria incremsed ranidly with the length
of the fatty acid chain,

Bayliss and Halvorson9 confirmed the worik of Nichole, Avery
and Walker rezardinz the selective bactericidal ~ction of the soans.
They reported thnt the pneumococcus was especially suscentible to the

action of certain unsaturated soaps, such as sodium oleate, linoleate,

and linolenate. Strentococcus 1loctis was considerably more resistant

to the action of soaps thon the pneumococcus, while Escherichia celi

and Stoazhylococcus aureus were even more resistant, These workers

also noted that the ability to neutralize divhtheria toxin is a pro-
verty common to all soaps.
Tre study of the synthetic wetting asents vwns initinted with-
10 L.
in the 1l»st ten years. In 1025 Domaogk  nointed out the boctericidal
action of these detergents with his demonstration that the cuaternary
ammonium cormmound, lonz-chain alkyl dimethyl benzyl ammonium chloride

11
rossessed excellent germicidnl properties, Dunn  conlirmed thece
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observations the following year, reporting that both Gram-nositive and
Gram-negotive organisms were readily destroyed by this comround in
hizh dilution, which was most effective in alxaline solution.
. (3 12 : . - . .
Katz and Lipsite, in 19725, wrote that the hizhly resistant

Wycohacterium smesmatis was inhibited in its growth in dilutions of

the sodium salt of the di-seconésry tutyl nashthalene sulfonic acii,

17
. J - ~ .
and in 1977 they renorted th=t cyclic cosmounds were more effective

e

n such inhibition of growth than the aliphatic commounds.

The visible action of a detergent, sodium leuryl sulfate,

1L

on microBrcanisms was descrived by Eayliss in 1937. Cultures of
Gram-nez=tive orzanisms srowvn in liocuid media were cleared by =zonro-
vpriate concentrations of this comnround, and there was at the same time
a marked increase in the viscosity of the medium, The mcjority of
Gram-positive bacteria, with the exception of the pneumococci, remained
unchan:ed, There was no correlation between clearinz action and the
lethel action of the sodium lauryl sulfzte, for some of the orzanisms
which were cleared were killed wnhile others were not. The same vas
true of those which were not visibly affected.

1
In 1939 Maier 5

found th=t the new detergent, lonr-chain
alzyl dimethyl benzyl ammonium chlcride could be used very mracticabtly
in the preservation of vacclnes and venom solutions, and thnt it was
remarkably free from harmful effects when applied to the cornen of
rabbits,

Another comnound, cetyl pyridinium chloride, was studied
by Zlubaurh, 3otts, and Gerwe.l6 They renorted th~t both tincture =nd

aqueous solutions of this detergent, in the absence o¥ vresence of

organic matter, were hi-hly bactericidal for virulent orsznisms,



17
Freedlander observed that while certain commercial wettinz agents,

namely Zenhiran (lonz-chain alliyl dimethyl benzyl ammonium chloride),
Nacconol NR, and Aerosol OT 100 (mono-sodium sulfonate of dioctyl suc—
cinate), exhivited morked bacteriostatic effects on the growth of

Mrcobacterium tuberculosis, they were completely ineffective in kill-

a—

ing the organisms,

Vetting agents may 21so be used effectively as zerosols,
according to Robertson, Bigz, Miller, end Baker. Usiny certain
glycols, they could sterilize the air of a small chamber containing a

. v 19 X
suspension of Staphs albus. Ordal, Wilson, and Berg ~ found that the
addition of wetting =2zents to buffered solutions of phenolic comvounds
did, in zeneral, increase trhe germicidal activity of such solutions,

Tne selective cction of different tynes of deterzents was

. ” - 20 ,
observed in 1933 by Cowles. He found th~t, by and large, the Gram-

1 fotes

—

neg~tive orsanisms are not nrevented from zrowing by the alizyl ¢
(anionic detergents), whereas the Gram-positives, for the most part,
were inhibited.

After studying the action of synthetic deterzgents on the me-

21

tabolism of bacteriz, 3aker, Herrison, and Miller concluded th~t all
cationic detergents were very effective inhibitors of bacterial metabo-
lism, and that few anionic detergents inhibit as effectively. Both
Gram-pocitive and Gram-negative orzanisms were sensitive to the action
of cationic deterzents, which exhibited their maximum activity in the
clknline oH ranze, whereas the anionic deterzents selectively inhibited

\

the metabolism of the Gram-positive microBr-anicms, ecspecizlly in the
22
acid range, and had little or no effect on Gramnesatives., They then

checked the bactericidal action of tiiese deterzents and rerorted tht



the cationic detergents, as a groun, exhibited m~riked bactericidal
action on Gram-vpositive microBrosanisms and somewnnt less pronounced
action on Gram-nezative organisms. The anionic deterzents were =ermi-
cidal only against Gram-positive orzaniems and were considerably less

effective than the cationic commounds,
23 .
Gershenfeld and Perlstein ” emrhasized the imrmortance of the

kydrozen ion concentration in its effect on the action of deter-ents,

shewing that the anionic detergents were much more efrfective in acid

[N

than in neutrsl solution.



EXFPERILVENTAT WCRX

Problen
The synthetic deterzents may te roushly divided into three
arouns: (2) anionic comnpounds, e, 3. sodium lauryl sulfzte, vhich
ionizes with the hydro-houic groun in the onion zs follovs: (o) +
(012H250803'): (v) cationic cemmounds, e.g. lauryl pyridiniuxa iocdide,
vhich contains the nhydrovhobic groun in the cation:
r-Cy 2,* + (I7); (c) non-ionized commounds, such as the
volyslvcerol esters and other non-electrolyte
\ 21
comrounds.
It has teen chserved that these commounds dirffer fronm one
groun to another in their kkillin; action tewnrd bocteria., Thus, while
the cationic deterzents hrve heen found to e effective sjainst almost
all types of bacteria, nrrticularly in alkaliné solution, the ariornic
commounde were far nmore eflective cirainst Grom-rnositives, esnecizlly
in acid solution, Further study vas indicoted for a more comnlete

demonstration of the uroctericidcl =ction, and of the effects of chnnr-

For this rroblem, four Gram-rvositive and five Gromenes-tive

orzanisms were selected.

Gram-positive Sram-nezntive
Bacillus subtilis Aerobhncter cerozenes
Alpne-herolytic strertococcus  Eacherichia coli
Beta-hemolytic strentococcus Everthelln typhosa

Stanhylococcus aureus

nicelln dysenterine
seudononas aerusinosa

The wettins acents were celected eceording to their electiro-

l7tic structure--an anionic commound, a cortioric ccmround, a2 non-elec-



trolytic nhosnholinid, and a synthetic non-electrolyte.

deterzent was ferosol CT 120¥% 2

ol

of dioctyl succinete:

dimethyl benzyl ammonium chloride

onoswnolinié was a crude
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Cgty= 0 - (CH0); - Cffy - OF
CcH

in which n rerresents

a fzirly largze rumber.

These comnounds were tested for their relative bactericidal

efficiencies in neutrnl solutisn, and at a

irhibiting action of the two non-electrolytes on th=

conrounds was also determined.

Technique

vH 5 and nH 9, The nossille

two electrolytic

The comoound to te tested was nrersred in the desired ccn-

centration in a liter of sterile distilled
tion was then transferred to a sterile 27D

solution was adjucsted tc the desired

ately vprior to use, as cdetermined by indic:

oH was checzed again immedictelyr after the

water,

120 ml, of the solu-

nl. Erlenmeyer {lasik. The

YalH or HC1l imnedi-

o

dding

tors on a swet nl-ta, The

.

addition of the troth cul-

™

ture tc be sure th:t the value Lad not changsed. The temnerature ron-ed

0
from 23-25" C.

To 100 ml. of detersent solution

Sl-hour broth culture. The broth used wrs

shaken thorouzhly, the rni checized, and 27ter 1, 5,

vals a 1 ml,
obtain a 1-10D dilution.

1-100,220 wvere then node, 1 ml,

O A

e

ferred to a sterile Petri dish, and 45
~late. The azar used was a Tryntose =3°r,

2 £m.

¥aCl, and 1222 ml. vater.

sample was transtferred to a 99 ml.

of each of these dilutions vos

was ad’ed 1 ml, of a filtered
a Tryntose medium containing
The mixture wns

and 12 minute inter-

soline tlank, so 2s to

Turther dilutions of 1-1027, 1-10,7270, and

trarnsg-
arar was noured into the

RS

containinz 29 zn. Trintose,

dextrose, % =m, 'aCl, and 1% zm. a;or to 1N0C ml., distilled wnter,



The nlates were rot=zted, allowed to £21icdify, =2nd iancutzted for 43

o . . e A% : s s
hours at 37 C. At the end of this time the diluticn nlate con*airin

e
133
0
m
o]
o+
e
-
[44]
ct
X
]
.
[
ot
s
°
0
ct
e
2]
4]
o
[

Trom 20 to 330 colonies was counted in
each test a control count vas mide by adding 1 ml, of the troth culture

to 99 ml, of sterile water, dilutinz in blanzs, and platinz out,

Results

Several counts of surviving cells were made for each orzan-
ism tested, and fcr each solution of varyinz concentration and »H
value. These counts were averazed, and the result divided bty the con-
trol count to obtain the vercentaze of survivers, Thls fijure was
then subtracted from 120 ver cent for the percentage of organisms
irilled., It was felt thot these percentage fizures shovwed relative
values better than the numerical counts themselves. Cbviously these
values cannot be considered except as showing the trends of the action
taking place when there is noct commlete killingz,

The cationic detergent, Zezhirazn, was the most eflective
bactericidal agent of the comncunds tested., At a concentration of
1-12,270 it illed vtoth Gram-nezstive end Zram-vositive orianisns at
oH values of 5, 7, and 9. By using a hizher dilution, (Tatle I) how-
ever, (1-100,000) it was found that Zenhiran failed to kill wmore than

g0 per cent of the Staph.-aureus present at a vH value of £ in 1D min-

utes, thou-sh it was more effective azainst Pseud.aeruzirnosa and Tach,

coli. At a pH of 9 all these organisms were killed.
Aerosol OT (Table II), the anionic deterrent, was not effec-
tive at such hich dilutions as Zeshiran, so that it was necessary to

use a concentration of 1-1000 to demonstrate its selective action.

At a pH of 7 this commound was commletely effective 23zainst the stroncly

bl
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Gram-positive B. subtilis, partially effective azainst Stavh.aureus,

and hardly active at all azainst the streptococci. Aerososl's comlete
ineffectiveness against gram-negative orzanisms, with the excention of
Esch.coli, was apparent at a pH of 7. At a pH of 5, however, a 1-1200
dilution of this compound was relatively efrfective against all organ-
isms tested, thouzh comnlete killinz action in 1 minute was denonstrated

only with Staph. aureus and the beta-hemolytic strentococcus. At a rH

of 9 Aerosol was less effective than at a vH of 7.
-

It was shown by 3aker, Miller, and I-I;arx’isof6 that vhoespho-
lipids such as lecithin, cephalin, and sphingomyelin prevented the
inhibition of bacterial metatolism which was caused by synthetic deter-
gents., They also found that lecithin made germicidal concentrations
of the deterzents ineffective. In checkinz this inhibitory action,

a 1.0 ver cent crude ezz yolk lecithin was used with a 0.Cl ver cent

Zeghiran solution. No bactericidal action was apparent azainst Staph,

aureus or Aero. aerozenes. The lecithin was aleo ineffective as a kill-

inzg asent by itself szeinst these orzanisms at all nH values.
This inhibitory action is not choracteristic of all non-elec-
trolytic deterzents, however. While Triton XE appears to prevent

Aerosol from acting against Pseud. aeru-inosa, Staph., aurevs, and Aero,

aerozenes even at an acid pH, it has no efrfect on the killins actlon
of Zeohiran with these orzanisms. Triton YE (Tadle III) also anvears
to have some effect as a bactericidal agent itself, dbut the concentra-

tion used was extremely hizh,
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LISCUSSION

A numZer of factors should be included in a consileration of
the dzta presented. These factors include: (1) the surface-tension
reducing vroverties of the detergezts; (2) the cha ze on the ion con-
taining the hydrorhobic groun; (3) the pH of the solution: and (1)
tre general and srecific charzcteristics of the micro8reanisms, The
hydronhilic-hydrophobic talance of the molecule and the svecific chem-
ical structure of the molecule were not considered in this study.

Surface tension, Tae effect of surface tension as a facter

in the growth of bacteria has been studied by several workers, Larson,

By

27
Cantwell, and Hartzell found thzt most cof the common tacteria shoved

some zgrowth in a medium whose surface tension was as low &s 32 dynes.

23
- <
It was noted by Ayers, Rurn, and Johnson  that

T

3Che coll and Aero.

\J1

aerosenes grew fairly well in a medium with a surface tension of ¥
vnes, They observed thst a psrticular surface tension could not be
concidered a critical tension which exhibited its effect solelry throur
its influence on the rermeability of the cell. If such were the case
2ll denressants 2t a certain surfnce tension value should exnitit the
same efiect. They concluded thnt the nuture of the surface tension
depressant as well as the actual surface tension value 1n d;mnes must

ol

<o L. .
be considered. Gidbts, Zztchelor, and Sickels concurred with this

o)

view, Frobisher® also concluded that there seemed to ue little rela-
tion tetween the zbility of reducents, such as sodium oleate and sciium
ricinoleate, to kill or inhibit the growth of Eberth., ty-hosa, and
their ability to reduce surface tension. It was found in this exreri-

RSan)

nment that lecithin and Triton YE, which lower the surface tencsion in






aqueous solution considerzbtly have little or no effect on the orson-
isms tested.

The difficulty with all such studies lies in the fact that
it has been possible to measure only the air-solution interfacial
tension, where in the case of a lcviered surface tenzicn there is an
increased concentration of the substance in solution, i.e. nositive
adsorntion occurs, In zeneral, if there is rositive adsorntion ot the

ir-solution interface, there will be at the solution-container inter-

D

]

face. Zut it remnins an open cuestion vhether there is a correlated
lovering of the surface tension a2t the bacterizl cell-solution inter-
face, and thus a hither concentration of the solution on the bacterial
surface, It has, however, been necessary to assume th:t a deterzent
which lowers surface tension 2t the solution-nir interface will co th
same for the solution-bacterinl cell interface in order to exnlnin,
e.Z. why the bactericidal action of 2 non-toxic solution such as

21
hexylresorcinol is enhanced by small cuantities of sodium oleate,
Fluids of very low surface tension moay, under some circumstances,
perneate or penetrate into minute crevices or interstices filled with
air more readily than fluids of hi:h surface tension, Assuming that
there is a lowered surface tension at the solution-cell irnterface, the
solution is probably adsorbed on the surface of the orsanisms, so that
the solution exists in hisher concentration st the most effective roint.
There vould then be recason to velieve thrt the surface tenslon reducent
could induce changes in the vermeavility of the meabrene which would
facilitate the entrance of toxic molecules nresent in the solution,
This possitilit; is borne out ty the fact thnst when an excess cf sodium

oleate is added to hexylresorcinol, it irhitits the bactericidnl action



v

of the latter subistance. Thls is believed %to te tre result ol tue
edsorption of the soan on the surfzces of the cells, with the formation
of a protective film or coatin:. These results may Te comrared with
those in this experiment in which an excess of lecithin nrevented a
germicidzl concentration of Zerhiran from acting azainst the bacteria,
1 toxic molecules, tle

>

surface tencion valus oI itself seems to be of 1little imortence in
determininz the germicicdal action of the deterzent. Aerosol CT solu-
tions, for example, have 2 concziderably lower surfrce tencion value

than Zenhiran solutions, It is intesrestinzg to note, nowever, tha-t in

an acid sslution, in which Zerniron is relztivel;r ineffective, the sur-
face tension value was noticeatly hiher than those ottnined with neu-

tral and alkaline soluticns.,

. . B

The chrrre on the ion containin- the hidronhobic :roun, The

factor orf cnarge on the hydronhobic group of the deoterzent arnears to
te or considerable izmortance, as has tesn shovn U 3aker, iiller, and
21
Earrison, and ty the results of trhis study. Zerhiran ionizes with
the positive charze on trhe ion which contairs the lons-chain hydro-
nhobvie group. Aerosol 0T ionizes with the neg-tive churge on the lonz-
chain hydronhovic sroun, Lecithin does rot ionize, excent as a zwitter-
ion, while Triton ¥E is a non-electrolyte. The simrlest exrlanation
for tne buctericidal efficiency of Zephiran mi-ht be considered in
terms of the rmutual attraction betvween the nesontively-chargsed bacterial
cells and the nositively cherised hydrorhotic zroun, For a clearer
concept of tnie factor, however, it is necessary to consider first
the pH of the solutions,

The vH of the solution, The eflects of tie rd on tne action




of various comrounds have been noted vreviously in connection with thre
7 22 3
action of soanp. Kligler,” Stearn and Stearn, and others have noted
that increase of pd favors the disinfecting nower of Tasic dyes and
33
decrease of pH, that of acid dyes. Stearn snd Stearn™” are inclined
to believe that the hydrogen ion concentration directly affects the
bacterial cell, alterinz the protoplasm so as to render the orzunisms
more suscertible to the action of toxic substances.
Y

Osterhout” has shown, in his vork with lurge plant cells,
that electrolytes pass throush the non-escu=sous protoplasmic surface
chiefly in the molecular form, since its low dielectric constant would
not permit much dissociation. It is true, ne says, that some disso-
ciation takes place and that ions can enter to some extent, but the con-
centration of the ions is very small, If this phenomenon can be ap-
plied to the bacterial cell, it is seen that the undissociated electro-
lyte should be a more effective tactericidal aszent. Zenniran's great-
est effectiveness is in an alkaline solution, which would favor the
formation of the undissociated molecule, whereas Aerosol's createst
effectiveness would lie in the acid range, wherein its ionization would
tend to be reversed to the molecular form., Aerosol OT and Zephiran
are both strong electrolytes, however, and it is hard to imsgine thnt
their ionization could be prevented to any extent in the relatively
weak acid and base solutions in which they were used, Furthermore,
if an unionized molecule is more effective in penetrating the bacterial
cell, why do not the non-electrolytes lecithin and Triton NE exhibit
more action? There may also be some question &s to whether Osterhout's
observations on nlant cells are directly anplicable to all living cells.

-
J
Stearn and Stearn revort that the bacterial cell behaves
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liize an amrholytic sreten, and that, while &ll t=cteria are nezatively
cazrged, each orzanism has its o zmarticular isoelectric voint, The

noint out that for any orzanism, rezardless of the value of its iso-
electric roint, cations should be retzired to a .reater extent at high
vE values than at low ones, and the reverse shoulld te true for arnicns.

It has been shown that the arnion of Aerosol is more effective

as a vactericidel aernt in acid solution, while trhe cation of Zerhiran
is more effective in alka2line solutions--which weould arrear to tear

o

out the hyvothesis of Stezrn a2nd Stearn. Cne mwossitle exzlanation
for tais bekavior lies in the fzct tnh=t a btacterizl susrteansion may te
considered to ve a negztively-charzed colloid, Cations, tren, would
tené to te attracted to the surface of a negatively charzed rzarticle.
The addition of E* ions prior to the addition of this detersent mi:ht
act to neutralize this nezative charse on the bacterial cell (or even
sive the cell a vositive charze), however, so that there no lonzer
existed such a stronz rmutnal attraction tetween the cell and the co-
tion of the detersent. An anion, on the other harnd, should te more
efficient in an acid solution, for it should %e ruch more readily
attracted wvhen the bacterial cell chzrses have been neutr=zlized, or
even btetter if the cell has become vpositively charsed due to the ad-
sorted lzyer of positive hydro-en ions. It would be rmore cifficult
fer an anionic deterzent, then, to act throush an electrical attraction
mechanism than for a cationic deterzent, and its only vossitle action
would taxe place in an acid solution., This would exrlain in port the

relative inefficiency of Aerceol 0T as cornared with Zenhiran, and

weuld also partially exnlain the almost commlete lackk of tuctericidnl

RN anl

action of lecitnin and Triton IE,



ny
(@]

The general and snecific characteristics of the microbr-an-

o~

isms, One of the most interesting results of this and of other studies
on the bactericidal activity of the synthetic deterzents has been the
relative svecificity of action of the anionic deterzents for Gram-posi-
tive orzanisms, zt least in neutral solution, as contrasted with the
stronz killinz action of the cationic commounds for all organisms,

The contrast in sensitivity to toxic substances betvieen Gram-nositive
and Srzm-negative orzanisms has teen noted many times. Stearn and

33

Stearn™” wrote: "The popular idea that Gram-positive organisms are

more sensitive to basic dyes than are Gram-negative is borne out only
in the sense that the former find themselves at one end of a gradual
series shnwing gradations in sensitivity rasther than in a very distinct
zgroup showing sensitivity of a different order of magnitude from any
member of the other groun." In their study they found a zradual de-
crease in sensitivity to basic dyes from the strongly Gram-positive

throush the border-line organisms to the strongly Gram-negative, the

order being: 3B. subtilis, Staph., aureus, Shij, dysenteriae, Esch.

coli, Eberth. tyrhosa, and Aero. serogenes,

Mallmann, Botwrizht, and Churchillzo renorted thnt the slow
oxidizing agents, potassium dichromate, and sodium azide, exerted a
bacterio®static effect on Gram-nezotive bncteria. By the use of dif-
ferent dilutions of these slow oxidizingz agents the gradstions in
charmzcter from stron:ly Gram-nocitive to ctron>ly Grem-neg:tive oronn-

isms was =sain shown, the order being: Stanh, aureues, #, cereus (com-

.

nerable to B, subtilis), Pseud. aerusinoss, Esch. coli, Elerth, ti;—hoea,

and Aero, aernr-enes,

In this study it is likewise amm~rent thet thiere exist groda-



tions in sensitivity to the anionic deterzent, Aercsol 0T, which sre
to be seen in the ver cent killed fizures in Table II. OCn tle basis
of these fizures, the zgradations from stronsly Gram-nositive to strong-

v Gram-nesntive would be: B, subtilis, Starh, aureus, alrhn-csiren-

tococcus, teta-strentoccccus, Shi-r, d:reenteriae, Esch., coli, Eberth,

tirhosa, Aero. aero:enes, and Pseud. aerucinosa,

The results of these trree cstudies cannot te directly corre-
lated, but the immortance of the general and srecific chnracteristics
of the microBrzznisms is evident. Further work alonz this line may
throw riore lizht con the ocuestion of tkhe Gram-cstainin~ characteristics
of bacteria,

Tne synthetic deterzents arrear to zct in several ways to
kill microbrsanisms. Because of their surface-tension loverins action
they are prcbatly adsorted in a fairly nizh concentration on the tac-
terial cell, end may nerreate the cell wall more readily as counseguence.

Either 2idinz or opzosing thi
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cion ¢of the hydronhovic ion of tre deterzent b the nez~tive charse
on the bacterisl cell, which is influenced by the vpresence or sbsence

of hydroszen ions. And Finnlly, the effect of cert-in deter_ents on

different microorzanisms mny vary, denendin on the general ~nd s-eci-

Hy

ic characteristics of the oranism, rarticulorly wvhether it is Gram-

3

ositive or Gram-nesative. In 2ddition there nmust te considered thre
nature of the toxic substance itselfl, which wns not a factor studled

in this vworl,



CCNCLUSIONS

The cationic detergent, Zevhiran, in a 0.21 ver cent solution izill-

ed TSoth Grom-rositive and Gram-negitive or azisn

4

2t ©H values of

I

5 7, and 9. In a 0.001 per cent solution it was consider=blyr

e

less efficient at a pHE of 5 than at a p* of S,

The anionic deterzent, Aerosol CT, in a 0,1 per cent solution kill-
ed only stron:ly Grewm-positive orzanisms at a pH of 7. At a vE

of 5 it not only killed all Gram-positive orzaniems, tut was alsc
nuite effective ageinst Granm-negetives.

The non-electrolytic deterzent, Triton TE, shoved some killin
azainst both Grem-positive and Gram-nezative orzanisms in a 1.0 per
cent solution. A combination 1.C per cent Triton-0,01 per cent
Zerhiran sclution showed comvlete xillin: =ction. A comtination
1.0 per cent Triton-0.1 per cent Aerosol solution showved no illing
action.

The noturally occurrinz vhosnholinid, lecithin, sheowed no killing
action against both Gram-rositive and Gram-nezotive organisms., A
combination 1.0 per ceat lecithin-0.C1 per cent Ze-hiran solution

showed no killinz actlon.
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