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AN ABSTRACT

The survivor-curve test of Weber and Elack was used for
the first phase of the studies. The interfering acti-n of the
college tap water with the germicidal action of a quaternary armonium
compouﬁd (QAC) was shoun to be a retarding of the action rather than
a direct neutralization of the germicide. ‘hen the water was soft-
ened by different methods, no difference in the interfering action
was noted except when using Versene. The addition of this complex-
ing agent resulted in a marked reduction in the interféring action
of the hard water. OCubsequent testing with Versene in distilled
water proved that the action is more than the softening action
on the water. A definite increase of germicidal action resulted
from the addition of Vercene to the QAC in distilled water whether

the Versene was added to the organisms or to the germicide.

Jhen repeated dosages of organisms were added to the
sane disinfectant solution, a reserve of germicidal action was

demonstrated even in the presence of tap water, To illustrate
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this more readily, the exhaustion test was designed in which
successive increments of organisms were added to the same dis-
infectant solution and samples taken ten minutes after the addi-
tion of each increment. In this way, the number of increments
that could be added before the germicidal action was "exhausted”

could he determined.

By utilizing the strong complexing action of the
Versene, the germicidal action of the GAC which hkad been inacti-
vated by the hard water could be released again to exert a
germicidal action comparable to that of TAC in distilled water.
This release of germicidal action was also demonstrated without
the use of Versene by allowing an extended period for the germicide
to be released from its combination with the interfering factor

in the hard water.
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INTRODUCTION

The rapidly increasing use during the past decade of the
group of germicides known as the quaternary ammonium com-
pounds has presented many problems from the standpoint of prac-
tical applications as well as the laboratory evaluation of their
germicidal efficiency. Although their first use was in the field
of mediéine, as antiseptics for skin and wound treatment, many
of the more recent applications have been as germicidal agents
in the area of public health; more specifically, as sanitizers for
dairy equipment both on the farm and in the dairy plants, for
treatment of food-processing equipment, for use as a chemical
rinse treatment in the sanitization of multiple-use containers in
the restaurant, and many other applications. It was in this area
of disinfection that many of the most controversial problems were
encountered.

Although these difficulties are many and complex, one
which is pertinent to this study is the method of evaluating the
germicidél action of this group of compounds. It soon became
evident that evaluation of these compounds by the FDA phenol co-

efficient method gave misleading results when compared to that of a




phenolic type of compound for which the test was designed, and
also presented many technical problems in duplicating results,
avoiding bacteriostasis, and other factors. .This led to the de-
velopment of many ''modifications'' and new tests for assessing
some germicidal value to these compounds. Wyss (25) has clas-
sifled these many techniques into three groups according to the
fundamental theory involved. At one extreme are experiments
designed to measure the effect of varying individual factors and
predicting the performance of the compound under any condition
of application. .At the other extreme is found the test in which
the compound is taken into the field and its effectiveness tested
under the conditions where it is to be used. Intermediate to these
is the phenol coefficient method and its various modifications. The
Webzr and Black Method (23) and the Cantor-Shelanski Capacity
Test (3) which are used in this study are based to a certain degree
on practical considerations of the ultimate use of the compounds
to be tested.

Another problem to receive a great deal of attention was
the determination of substances which would inactivate these com-
pounds, or at least interfere with their germicidal activity. A par-

ticular phase of this difficulty was encountered when the quaternary




ammonium compounds were applied as sanitizing agents in the
restaurant, dairy, and other places where concentrated solutions
or powders were made into a use dilution at the time of applica-
tion. In these cases when the Weber and Black Method was used
for evaluation, many of the waters used for the preparation of

the sanitizing solutions would interfere with the germicidal action
of the quaternary ammonium compounds. This thesis is concerned
primarily with this problem of the interference of certain hard
waters with the germicidal efficiency of the quaternary ammonium
compounds. As a means of studying. certain phases of this prob-
lem, an ‘''exhaustion test'' is used which is a modification of the
capacity test previously mentioned and a field test method of

Mallmann, Kivela, and Turney (11).



LITERATURE REVIEW

Due to the several fields of application of the quaternary
ammonium compounds and the many workers interested, the lit-
erature on these compounds is very extensive. There are sev-
eral excellent reviews which cover this material such as those
by Rahn and Van Eseltine (17), Wyss (25), and Lawrence (9). In
this review, an attempt has been made to review only that liter-
ature which pertains to the interfering action of hard waters upon
the germicidal activity of the quaternary ammonium compounds.

The first mention of the possible effect of the hardness of
the diluting water was made by Hanne (7) in 1937 in a review of
compounds suitable for hospital use. He noted that when using
alkyldimethylbenzyl ammonium chloride in a concentration of
1:10,000, a time interval of 16 minutes was necessary to kill a

culture of Escherichia coli when tap water was used as the diluent,

while the same effect was obtained in 8 minutes when using dis-
tilled water. A concentration of 1:5,000 was necessary to achieve
kill in the 8-minute period when using tap water. It would appear

that this information was not available to workers in this country



at that time, as it was not until 1947 that further mention of this
situation was made in the literature.

The Sanitary Engineering Division of the U. S. Public Health
Service, Washington, D. C., presented a statement at the request of
the State Sanitary Engineers at thecir meeting in May, 1947, which
included a section on interfering substances, organic and inorganic,
in the waters in which the bactericidal agents were used (21). The
data which they presented are given in Table 1. They indicate that
there is a very marked reduction in the germicidal action of these
compounds when they are used in the prescnce of the two tap
waters as judged by the tests used for evaluation. In addition, it
is shown that the beneficial cffect of detergents added to the quat-
ernary ammonium compounds when tested in distilled water may
give the opposite result »in the presence of tap water. Attention
was.also called to the fact that the manufacturer's recommended
dilution was apparcntly based upon tests performed with distilled
water, and the margin of safety calculated with the pure water was
now diminished or lost entirely. It was concluded that ''pending
the development of residual tests which provide an accurate mea-
sure of bactericidal efficiency, anyone contemplating the use of

such compounds for disinfection would be well advised to make




Table 1. Interfering action of tap waters on germicidal proper-
ties of quaternary ammonium compounds. (Report of
the U. S. Public Health Service, Sanitary Engineering
Division, prepared for Conference of State Sanitary
Engineers meecting, Washington, D. C., May 7-8, 1947.)

Ppm Required to Produce 100%

Kill of E. coli in 1 min. When Ppm Rec-
Compound Compound is Dissolved in commended
Designated for Use by
Pure Cincinnati Norwood Manufacturer
Water Tap Tap
A 20 100 250 234
B 10 70 220 190

C 5 500 3200+ 78
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bacteriological tests of the product under consideration in the water
to be used and under the conditions in which it will be used."
This had the cffect of practically eliminating the quaternary am-
monium compounds from many fields such as the dairy industry,
where it would be very impractical to attempt to test the com-
pound in the well water of each individual producer. The result
was that many health departments eliminated them entirely on the
basis of this report.

At about this same time there were several other investi-
gators working on the problem of interfering substances. In 1948
Ridenour and Armbruster (18) reported their studies on the effects
of various waters using distilled water, a softened water (lime-
soda treatment) with a scap hardness of 80 ppm and a moderately
hard, untreated water with aAsoap hardness of 275 ppm. They
found that to obtain a 99.9 per cent kill, the following concentra-
tions of quaternary ammonium compound were necessary in each
of the waters: 34, 75, 95 ppm. They ran a survivor-curve type
oi test, and a study of the shape of the curves indicates that there
is some sort of neutralization by the water substances. This was
especially true in the moderately hard water, in which the reduc-

tion in bacteria was very small up to a concentration of 50 ppm




of the germicide. Above that point, the rate of increase of per
cent reduction was quite rapid with an increase in the concentra-
tion. They concluded that above a certain minimum, the rate of
kill was about the same, although the amounts required were, of
course, greater in the case of the hard water. They continued
this investigation to include an examination of certain factors
which might be responsible for this interference. This included
the cations calcium, magnesium, sodium, and potassium, and the
anions sulfate, nitrate, chloride, normal phosphate, and carbonate.
They found that the calcium and magnesium gave a definite ad-
verse effect on the germicidal action. The sodium and potassium
had little effect. With the anions, the effect was about the same
for all of them up to a salt concentration of 70 ppm, with the ex-
ception of phosphate and carbonate, which showed an increase in
germicidal activity. Since these two were tested at extremes of
the pH range, 9.0 and 1.0 respectively, this was believed to be
the cause of this reaction.

In a comparative study of the proéerties of the quaternary
ammonium compounds with the hypochlorites, reported in 1948,
Shere (20) pointed out a rﬁarked reduction of the germicidal prop-

erties of the former group when used in the prescnce of hard



water. He tested a series of quaternary ammonium germicides
in two waters of 0 ppm hardness and 400 ppm hardness, and
found that the increase in concentration necessary to give kill in
10 minutes varied from two to four hundred times in the case of
the hard water. When a water-conditioning agent (trisodium
phosphate) was added in the amount of 200 ppm, the necessary
amount of quaternary ammonium compound increased in the case
of the hard water. Shere also noted that in the first part of the
test therc was no indication other than bacteriological data to
show that any change had taken place in the presence of the hard
water. Chemical tests showed the concentration of quaternary am-
monium compound to be the same in both series.

In 1948, Mueller and Seeley (175) reported that they had
undertaken a study to obtain more information on the controver-
sial subject of the constituents in water as they affect germicidal
activity. They reported no close correlation between the water
hardness (as determined by soap) and the germicidal action. The
differences in pH found in the natural waters tested were not sig-
nificant. With as much as 1,000 ppm of calcium or magnesium
present, they were able to ’show that 200 ppm of quaternary am-

monium compound was able to give approximately 100 per cent



10
kill in a period of 8 minutes. However, as much as 10 ppm of
ferric iron completely inactivated the quaternary ammonium com-
pound. They concluded that the results to that date would indi-
cate that 200 ppm of the germicide has sufficient reserve germi-
cidal potential for most jobs.

The following year, Mueller (14) reported that this effect
of the ferric iron can be removed by the use of a balanced deter-
gent sani.tizer, although he does not state what ingredients would
be included in this formulation. The report of a detailed study
was made later by Mueller and Seeley (16) on the effect of metal-
lic ions on the germicidal activity of the quaternary ammonium
germicides. The list of ions which they tested against Roccal in-
cluded potassium, sodium, calcium, magnesium, zinc, nickel, man-
ganese, barium, cupric copper, ferrous and ferric iron, and alum-
inum in the form of the chloride salts. Potassium. sodium,
lithium, and ferric sulfates were included, and also sodium nitrate.

The test organism they employed was E. coli in a concentration

6 . .
of about 10 x 10 organisms per ml. After varying intervals
(usually 1 and 5 minutes) the material was neutralized with sodium
naphuride. In studying the direct effect of pH, they found that

there was no evidence of reduction in bacterial numbers between
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the pH levels of 2.0 and 10.0. The germicidal action of the
Roccal was decreased in a lowered pH.

Of the monovalent salts tested, none showed interference
with 200 ppm of the quaternary ammonium compound. A 2.0 M
solution of sodium chloride gave a marked reduction, but this was
far in excess of any practical situation. Of the divalent salts, a
300 to 450 ppm concentration of calcium and magnesium was
necessary to show any reduction in the germicidal action of a
200 ppm solution of the Roccal, and then only in the 30-second,
one- and two-minute intervals. It was necessary to go to a salt
concentration of 800 ppm to give a reduction of activity in the 5-
minute test. In the case of the trivalent ions, only a small quan-
tity was necessary to inactivate the germicide. They determined
that this effect increased in a ratio of 1:100:10,000 for the monc-,
di-, and trivalent salts. This means that a 2.0 M sodium chlo-
ride, 0.02 M manganese chloride and 0.0002 M aluminum chloride
would all give about the same interference pattern. In summation,
they state that all of the cations tested interfered with the germi-

cidal action and the factor of valence had the most effect in de-

termining the degrce of this interferencec,
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About this time other :Norkers, Weber and Black (24) and
Foster (5), noted the effect of the hard water ions in interfering
with action of the quaternary ammonium compounds.

A continuation of the studies cited in the statement of the
U. S. Public Health Service was reported by Butterfield, Wattie,
and Chambers (2), in which they showed the results of tests on
six different tap waters. They found that on these waters the
concentration in ppm of germicide that was necessary to give 100
per cent kill in a period of 1 minute varied frem 60 to 320 ppm.
Using distilled water buffered to 8.0, 7.0., and 6.6, the amount re-
quired was less than 50 in all cases; while a sample of Cincinnati
tap water, to which a trace of sodium borate had been added, re-
quired 500 ppm of the germicide. This study was extended to
include combinations of chemical constituents in distilled water,
but none was found that could reproduce consistently the results
in natural waters. It was also noted that any modification of the
natural water (boiling, aeration, autoclaving, or filtration) altered
the degree to which the quaternary ammonium germicide was af-
fected by the water. No accompanying change in pH or turbidity
nor precipitation occurred to give visual evidence of alternation.

Thus, they stated that the change in bactericidal efficiency must
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be due to factors other than the chemical constituents ordiqarily
determined.

The remainder of this study was carried out on three
waters--distilled water buffered with Clark and Lubs buffer to ad-
just the pH from 7.0 to 9.5; Cincinnati tap water; and Norwood,
Ohio, tap water. These waters were reported by Lawrence (9)
to be approximately 155 ppm and 445 ppm hardness. The studies
of Butterfield et al. were carried out in a volume of 500 ml using
a concentration of E. coli strain 198 of about 1,000 to 2,000 or-
ganisms per ml. Their criterion of satisfactory disinfection was
100 per cent kill in 1 minute. This they based upon the Ordinance
and Code (22) which provides for a 2-minute contact time. They
observed that perhaps this criterion was too lenient and the end
point should be set at 15 or 30 seconds to give a sufficient mar-
gin of safety. Bacteriological examinations were made at the end
of 1, 2, and 5 minutes in most of the tests by pipetting the desired
amount into a Petri dish and pouring the agar at the end of the
exposure period.

In a series of tests on fifteen different quaternary ammonium
compounds, it was found that the average concentrations in ppm

necessary fo give the 100 per cent kill in 1 minute on the distilled,
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Cincinnati, and Norwood Waters were 52:211:324, or a ratio of
about 1:4:6. This was typical of most of the compounds not only
in the l-minute test, but for the 2- and 5-minute results as well.
There was one exception in the case of an alkyldimethylbenzyl
ammonium chloride which required a lower concentration with the
Norwood water than with the Cincinnati water to give 100 per cent
reduction in the 5-minute period. In using a quaternary ammonium
compound plus a detergent, a very marked effect was noted in that
the Norwood water required a concentration of over 15,000 ppm to
give 100 per cent reduction in any of the time intervals. The
germicide alone had given only slightly lower than average results,
but the combination gave an exaggerated effect.

These workers also investigated the problem as to whether
this interference was an instantaneous or a progressive one. In a
series of sixty-six tests, they could find no case in which the in-
terference éeemed to increase after the first 1 or 2 minutes--the
shortest intervals that were tested after the dilutions of the germi-
cide were prepared from the tap waters. They concluded that these
compounds are stable in the diluting water after the first reduction

in germicidal efficiency has taken place.
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Lawrence (9) has reported findings to confirm the adverse

effect of hard waters upon the germicidal action of several com-
mercial quaternary ammonium compounds using gram-negative

bacteria (E. coli, Salmonella typhosa) as the test organisms.

Using the phenol coefficient technique, he found that the coeffici-
ents were reduced from about 250 to 55 in one case and 22 in
another. Because of the use of these compounds in situations
where gram-positive organisms precdominate, a series of tests

was run using strain 209 of Micrococcus pyogenes var. aureus

in the presence of hard water containing 350 ppm of hardness.
These data unexpectedly reveal that, with one exception, the germi-
cidal activity was not impaired when using the gram-positive test
organism in the same waters that had shown marked reduction
in the action against the gram-negative group. Subsequent studies
with synthetically prepared hard waters confirmed this observation.
Further studies by this investigator show that the addition
of small amounts (0.05 per cent was found to be optimum) of
frisodium phosphate will enhance the germicidal activity of the
alkyldimethylbenzyl ammonium chloride he was using so that it

compares with the action in distilled water.
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Johns (8) also observed the effect of hard waters on this
type of compound. Using both gram-negative and gram-positive
organisms, he noted that in the case of the latter, there was no
appreciable reduction in the germicidal efficiency from that ob-
served in distilled water. When using the E. coli as a test
organism, his ‘results were comparable te those previously cited.

One of the more recent reports on the problem of hard
waters is that of Botwright (1). This is primarily a field study
comparing the use of an alkaline cleaner and hypochlorite system
against the use of a detergent-sanitizer used on a group of dairy
farms. However, the observations on the effect of the hard waters
encountgred is pertinent to this discussion. The hardness of the
waters varied from 14 to 180 ppm at onc station, and from 24 to
350 ppm (determined by the soap hardness test) at the other. In
both cases, the hardness of the water on farms using the cleaner-
sanitizer #5 exceeded that of the farms using the chlorine system.
He stated that the hardness did not appear to affect adversely the
quality of the milk as measured by the pasteurized milk counts.
As a matter of interest, the producers having the hard water

tended to produce a better milk.




EXPERIMENTAL PROCEDURES

There were two types of tests used in these studies. The
first was a survivor-curve type of test following the procedures
given by Weber and Black (23). This test was selected because
much of the information on the interference of hard waters was
obtained by the use of this technique. It was designed to evaluate
the practical performance of germicides used in the food industry.
The second test used was an ''exhaustion'' type of test, which is
a modification of the ''capacity'' test presented by Cantor and
Shelanski (3) and the field test for the evaluation of restaurant
sanitizers used by Mallmann, Kivela, and Turney (11).

In the Weber and Black method, Escherichia coli, Cincin-

nati strain #198, is used as the test organism. The concentration
of the inoculum is 100 x 10 organisms per ml in the reaction
mixture. This number was selected on the basis of laboratory
tests using an artificially contaminated dish water and a swab-
rinse count of glasses which had been dipped in it and allowed to
drain for 15 minutes. By making plate counts of both, it was found
that the ratio of bacteria per ml of dish water to ‘bacteria per

glass was 100/1 in both heavily and lightly contaminated water.
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They considered that high counts on the swab-rinse plates would
be from several hundred thousands to one or two millions, and so
the 100 x 10 organisms per ml would represent a heavy load of
contamination in dishwashing. The organisms were taken from
an agar slant by washing and suspending in the water to be tested
and then diluted such that the final concentration will have the de-
sired number of organisms. A slight variation from their tech-
nique was introduced here by shaking the culture in the standard
dilution. bottle for 2 minutes in place of the twenty-five times as
recommended. This was done only in the one dilution prior to
adding the suspension to the medication pot. At all other times
the standard technique for making dilutions was followed.

As in any type of a speed reaction 1:,est, it is necessary to
have an effective neutralizer to stop the action of the germicide
at the exact end of the time interval being tested. There have
been many suggested for this purpose, but the Weber and Black
method indicates that asolectin in(Tween 80 is satisfactory.

Since a study of neutralizers was beyond the range of this study,
this method of neutralization was adopted for all of the tests per-

formed.
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The exposure times they selected were 15, 30, 60, 120,
and 300 seconds in order to give data comparable to the situations
encountered in sanitizing dishes. The total volume of material in
the test is 10 ml, and all of the solutions are held in a water
bath at 25 C.

The testing procedure is as follows: a 5 ml amount of the
bacterial suspension containing double the amount of organisms
desired is placed in a medication pot, being careful that none of
the organisms are splashed on the sides of the tube. In a second
medication pot in the water bath is placed about 10 ml of the
germicide being tested, adjusted to twice the desired concentra-
tion in the water under consideration. Five ml of the germicide
solution is then rapidly pipetted into the suspension of organisms
and the tube quickly swirled to aid in mixing. One ml of the sus-
pension is then removed, and at 15 seconds from the time of mix-
ing, it is quickly discharged into the dilution blank containing 9 ml
of the asolectin solution. This is repeated at the end of 30, 60,
120, and 300 seconds from the initial time of mixing. Ap.propriate
dilutions are then made from each of the blanks to insure accurate
counting of the surviving organisms. A count is also made of a

sample taken from the unused portion of the suspension which had
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not been in contact with the germicidal agent and this is used as
the initial count, or number of organisms at ''0 seconds.'' All
the plates were prepared with tryptone glucose extract agar
(Difco) with no added milk, but containing 100 mg of lecithin
(asolectin in Tween 80) per 100 ml of medium.

Additional controls are described by Weber and Black, but
work by Mallmann, Alegnani, and Cope (13} using this technique
indicated that these gave little additional information.

Plate counts were made at the end of 24 hours' incubation
at 37 C. The results may be reported as actual densities of
organisms surviving or as per cent reduction after each interval
of exposure. The ''endpoint’' is 100 per cent kill of the test
organisms.

The ''exhaustion'' test employed in these studies is similar
to the ''capacity'' test of Cantor and Shelanski. In describing
their technique (3), they defined the term ''capacity'' as ''an at-
tribute of germicides which determines the maximum number of
incrementally added microorganisms, plus rigidly defined extrane-
ous matter in solution or suspension, sterilizable by a given quan-
tity of the germicide.!' Their test was designed to simulate more

closely the actual conditions under which a germicide is used.
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As two extremes of this they cite the use of antiseptics in wound
treatment and the use of sanitizers in dishwashing. In both cases
the contamination, both bacteria and extraneous matter, is being
added incrementally. With this in mind, they outlined a procedure
which would attempt to evaluate a situation analagous to this in the
laboratory. Inasmuch as they are not interested in eliminating the
presence of organic matter from the test, the culture recommended
is the standard S. typhosa grown in FDA phenol coefficient brot;q.
This furnishes a standard inoculum of organisms plus controlled
extraneous matter. In those cases in which it was desired to test
the germicide under adverse conditions, the amount of soil or
organic matier was increased by mixing an equal quantity of
sterilized whole milk with the bro’th culture of the test organism.
This resulted in a broth suspension containing 2 x 108 bacteria
per ml and approximately 6 per cent whole milk solids.

The test was performed by adding increments of 2.5 ml

of the broth suspension (a total of 5 x 108 organisms) to 500 ml
of the germicide and sampling at the end of 15 and 30 seconds.
Ten minutes after the addition of each increment another was

added and the 15- and 30-second samplings repeated. This was

continued for a total of ten increments. For purposes of their

A




S

Eeag

22
discussion, they also added the total of the ten increments (50 x
108 organisms) at one time to Corﬁpare the ability of the germi-
cide under these two types of situations. Plates were made of
the samples in order to determine the per cent reduction in each
case.

Although the ''exhaustion'' test parallels this technique to
some extent, the fundamental information sought is slightly differ-
ent. In this case, it was desired to determine how many organisms
could be added to a germicidal solution before all of the germicidal
activity had been d.épleted, or ''exhausted.'' Since the speed with
which the compound could react is not as important as the pres-
ence of some germicidal action, the time interval used in this case
was 10 minutes. The organisms were prepared in a suspension
such that 1 ml contains the number of cellls suitable for addition
at one time--usually as close to 200 x lO8 as possible. When
added to 200 ml of the germicidal solution, this gives an inoculum
of 100 x 106. which is comparable to the concentration used in the
Weber and Black tests.

The volume of 200 ml of the germicide was selected so that
the removal of 1 ml of the solution for sampling and the addition

of 1 ml of the bacterial suspension for each stage of the test would
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not appreciably alter the concentration of the germicide in the
reaction flask. In a series of fifteen increments, the reduction
in concentration of the germicide would be approximately 7 per
cent. The actual concentrations resulting in the flask at each
successive stage are given in Table 2. Dilutions of the germi-
cide were made in the various types of water under test. The
culture suspension was made in distilled water so the amounts
added would not change the hardness of the water to an appreci-
able degree. In addition, the deccrease in concentration of ger-
micide and hardness of the water might be considered as com-
pensating errors. There was no extraneous matter added in this
case because it was desired to follow the interaction of the germi-
cide and tap water in the presence of the bacterial cells alone.

The test is performed by adding 1 ml of the bacterial
suspension to the reaction flask, mixing well by swirling, and al-
lowing it to remain in the 25 C water bath for 10 minutes. At the
end of this interval, 1 ml is removed and placed in an asolectin-
Tween 80 dilution blank containing 9 ml of the neutralizer. Al-
though time which elapsed between the individual stages of the test
was not considered important, the following increment was usually

added 1 minute after sampling, or at intervals of 11 minutes

4B
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Table 2. Actual concentrations of germicide present in each

successive stage of the exhaustion test when the initial
concentration was 200 ppm.

Increment Con.centration

in ppm

1 200.

2 199.
3 198.005
4 197.060
5 196.075
6 195.095
7 194.115
8 194.145
9 192.180
10 191.219
11 190.263
12 189.312
13 188.366
14 187.425

15 . 186.489
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throughout the testing period. Suitable dilutions of the samples
were made and plated on tryptone glucose extract agar to which
the asolectin in Tween 80 had been added in the concentration
100 mg per 100 ml of medium. The concentration of the bacter-
ial suspension was determined by taking a sample about midway
in the testing period and plating as for the other samples.

This type of test is..similar to the one used by Mallmann,
Kivela, and Turney in assessing the value of sanitizers in bever-
age establishments (11). Although not specifically described as
an ''exhaustion'' test, their method was to sample every tenth
glass as it wené through the washing and sanitizing process to
determine the number of glasses that could be sanitized in a giv"e-n
concentration and volume of germicide before the germicidal ac-
tivity began to diminish. In this way, as high as eight hundred
glasses could be examined consecutively to determine whether or

not the sanitizer would become exhausted.

The water hardness determinations were made using the
Versenate method as outlined in the Technical Bulletin No. 2, of
the Bersworth Chemical Company (26). The test is based upon
the principle that the salts of ethylene diamine tetra acetic acid

(referred to as Versene) will form very stable chelates with the
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calcium and magnesium. Other less stable chelates with the cal-
cium and magnesium are decomposed by the Versene. In addition
to this there is an azo dye, Eriochromeschwartz T, which forms
a colored complex compound with magnesium. I.ike the other
less stable complexes, this also is broken down by the Versene
to form the more stable Versene magnesium chelate.

The dye itself has a deep blue color at a pH of 10, but the
magnesium complex formed is wine red. When Versene is added
to a solution containing the red-colored chelate, a sharp change in
color to the blue is noted when there is sufficient Versene to
chelate all of the magnesium. Although the calcium does not form
this chelate with the dye, it is included in the titration with the
magnesium, since the Versene will chelate first with the calcium
ions. In making the standard Versene solution for titration, a
small amount of magnesium chloride is added to form the color
reaction with the dye in case the water or solution being titrated
contains only calcium and no magnesium.

The method is much simpler and more accurate than the
soap hardness titration formerly used. For the determination of
the amount of hardness in the samples used in these studies, the

Versene titration method has been employed.
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The determinations of the pH of the various test wé,ters
were made using a Beckman pH ¥neter. Since most of these
values were in the range 6.9 to 7.5, no specific mention is made
of the pH in the results except in those cases which deviate from
this range.

Each table giving i-esuits of a survivor-curve test repre-
sents a typical set of data selected from many trials to insure
consistent results and is representative of many replicates. The
data on the exhaustion tests correlate well with others in the
series and represent few trials, in addition to those reported.

Other equipment and methods used were those accepted as

standard for bacteriological work.




PRESENTATION OF DATA

According to the literature previously cited showing the
interference of the activity of the quatermary ammonium compounds
(QAC) in hard waters, it would appear that this group should be
eliminated from use in this class of waters or that the concen-
tration should be increased to the point where they will give re-
sults comparable to those obtained with distilled water. Practical
experience in the field has showmn, however, that this type of com-
pound has been used routinely in hard water areas with very satis-
factory results. Specific cases are the studies of Mallmann and
associates on milking machine sanitizeré (10), in restaurant utensil
sanitation (12), and the studies of Botwright previously cited (1).
There is also the experience of one of the local dairies that has
been using a QAC in a hard water area for the past five years
on its producers' farms with very satisfactory results. The first
phase of this work was an attempt to investigate the reasons for
these apparently conflicting situations.

As an approach to this problem, it seemed desirable to
determine, if possible, whether or not the reaction between the

QAC and the interfering factor in the water was a direct chemical
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neutralization. It was postulated that if this were the case, the
following situation would exist: When a solution of 200 ppm of
QAC is made up in hard water, the germicidal a;ctiV'ity inight be
comparable to that: obtained with a conc.ent‘ration of 50 ppm of the
same compound in distilled water depending upon the particular
water used. If there existed a direct reaction between the factor
in the water and the 150 ppm of QAC which was lost, then a con-
centration of 350 to 400 ppm of the QAC should give results com-
parabie to a 200 ppm solution tested in distilled water. That this
is not the case may be observed.in Table 3.

These data show that using 50 ppm concentration of QAC
in distilled water gives results that are comparable to the 200
ppm concentration used in the college tap water having a hardness
of 385 ppm By increasing the concentration in the distilled water
by 150 ppm, there is more than ’enough }ge;‘micidal potential to give
complete kill in 60 seconds. Starting from the point of 200 ppm
of QAC in the tap water, an increase in concentration of 300 ppm
is not sufficient to give this degree of kill in the same time in-
terval.

As further evidence of the relationship between the activity

in distilled water as compared to tap water, the data in Table 4
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Table 3. The effect of increasing the concentration of quaternary
ammonium compounds in the presence of bath distilled
water and tap water.

Exposure Distilled Water
Time in
Seconds 50 ppm#¥* 100 ppm 200 ppm

(organisms per ml remaining)

0 | 165,000,000 165,000,000 165,000,000
15 55,000,000 26,300 40
30 39,000,000 2,480 270
60 4,700,000 350 0

120 36,000 10 0
300 1,150 0 0

* Concentration of quaternary ammonium compound.
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Table 3 (continued)

Tap Water (385 ppm hardness)

100 ppm 200 ppm 300 ppm 500 ppm

(organisms per ml remaining)

34,000,000 34,000,000 34,000,000 34,000,000
64,000,000 17,500,000 8,000,000 3,400,000
12,700,000 10,000,000 700,000 620,000
10,000,000 710,000 80,000 38,000

3,500,000 98,000 38,000 0 -

950,000 180 0 0
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Table 4. A comparison of the germicidal effect of QAC using
distilled and tap water as the test waters.

Distilled
Exposure Water
Time in (0 ppm)
Seconds
100 ppm* 100 ppm
(organisms per ml remaining)
0 107,000,000 76,000,000
15 1,960 170,000,000
30 620 100,000,000
60 70 130,000,000
120 10 56,000,000
300 0 145,000

* Concentration of QAC.
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Table 4 (continued)

Tap Water (330 ppm)

200 ppm 300 ppm 400 ppm

(organisms per ml remaining)

76,000,000 76,000,000 76,000,000
33,000,000 5,800,000 680,000
15,000,000 110,000 245,000
700,000 2,000 1,000
320 60 10

0 o 0
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are presented. The hardness of the water had decreased at this
time to 330 ppm, but the results are comparable to those at the
slightly higher level.

These data all tend to. confirm the reports in the literature
that there is a certain degree of interference with the action of
the QAC when used in certain hard waters. In order to find how
high a concentration would be necessary to achieve the standard
of complete kill in 60 seconds, using the Weber and Black tech-
nique, additional runs were made at increasing concentrations until
this point was reached. These data are given in Table 5. They
indicate that in order to use aﬂ compound of this type in the waters
of this area, it would be necessary to increase the concentration
of germicide to approximately 800 ppm or about four times the
concentrations usually employed.

Additional study of these tables would indicate that in place
of a direct '‘neutralization'' of the QAC by the interfering substances
in the hard water, there is rather a retarding of the germicidal
action. Thus, in a situation where there is an extended period for
the germicide to exert its effect (more than 1 or 2 minutes) it
might be possible that the end result would be entirely satisfactory

as far as a practical application of a QAC is concerned.
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Table 5. To determine the concentration necessary to obtain 100
per cent kill in 60 seconds, using tap water as the

diluent.
Tap Water Tap Water ‘ Tap Water
Intervals of
B (300 ppm); (330 ppm); (310 ppm);
,’§°“”: QAC QAC QAC
n seconds (200 ppm) (400 ppm) (800 ppm)

(organisms per ml surviving)

0 . 93,000,000 76,000,000 40,000,000
15 10,300,000 680,000 10
30 4,500,000 245,000 0
60 3,100,000 1,000 Q

120 820,000 10 0

300 0 0 0
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The next phase. of the work was to study various factors
associated with water hardness to determine the importance each
might have in connection with thé over-all problem. The fir"st
step in this series was to determine the interference that might
be due to the presence of simple salts and organic matter. For
this purpose the Weber and Black technique was run with the test
solution containing 250 ppm of sodium c;hloride in one series and
250 ppm peptone in the other. The data are given in Table 6.
The results are in accordance with the .work of Mueller and Seeley
(16) in regard to monovalent ions having very little inhibiting ef-
fect on the QAC.

The next point of attack was a determination of the rela-
tionship between the hardness of the water and the degree of in-
terference with the germicidal action. To obtain a series of waters
of this type, the tap water was softened by the addition of varying
amounts of the complexing agent Versene, the tetra sodium salt
of ethylene diamine tetra acetic acid. The resulting waters tested
had a hardness of 270, 220, and 140 ppm, respectively. Although
there are no outstanding differences, it can be seen in Table 7
that there is a consistent trend toward an increased germicidal

efficiency in the softer water. This is in accord with previous

L4
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Table 6. The effect of the addition of sodium chloride and
peptone in various concentrations of QAC.

Distilled
Exposure Water NacCl (250 ppm)
Time in (0 ppm)
Seconds
100 ppm=*> 100 ppm 200 ppm 400 ppm
(organisms per ml remaining)
0 21,000,000 25,000,000 25,000,000 25,000,000
15 16,800 38,000 40 10
30 3,600 28,000 100 40
60 2,250 2,250 0 0
120 670 30 0 0
300 550 o ¢ 0
Distilled
Exposure Water Peptone (250 ppm)
Time in (0O ppm)
Seconds
100 ppm* 100 ppm 200 ppm 400 ppm
(organisms per ml remaining)
0 91,000,000 98,000,000 98,000,000 98,000,000
15 11,500 24,000 360 580
30 1,700 51,000 390 10
60 3,950 5,100 0 0
120 750 2,950 0 0
300 20 20 0 0

* Concentration of QAC.
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Table 7. Effects of varying amounts of Versene added to tap
water using a concentration of 100 ppm QAC.

Exposure Versene Softened Tap Water

Time in Di;:i::id

Seconds 140 ppm 220 ppm 270 ppm
(organisms per ml surviving)

0 95,000,000 93,000,000 86,000,000 90,000,000
15 1,980 21,500,000 64,000,000 56,000,000
30 840 1,400,000 25,000,000 52,000,000
60 30 160,000 1,700,000 18,500,000
120 | 90 310,000 36,000 1,200,000

300 0 0 10 1,320
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work, but other data in this study did not seem to show as much
effect with the same amount of change in the amount of hardness.
To determine the effect of other methods of softening, a series
- was tested using distilled water, tap Water (315 ppm), a 1:1 ratio
of tap and distilled (165 ppm), a =zeolite-softened water (180 ppm),
and a Versene-softened water (160 ppm). The data in Table 8
indicate that there is no appreciable difference in the first three
'"softened'' waters, but in the case of the Versene-treated sample,
there is a definite increase in the germmicidal action. When this
was repeated on this group of waters using 400 ppm of the QAC,
any differences (including the tap water of 345 ppm) were not great
enough to be significant. However, the previous series did raise
the question as to whether there was some factor present in the
case of the Versene which was enhancing the germicidal activity
of the QAC independently of the effect upon the hardness of the
water,

To investigate this possibility, two series of tests were set
up using only distilled water and a&ding the Versene to one group.
The concentrations of germicide used were 50, 100, and 200 ppm.
The data in Table 9 illustrate very clearly the increase in the

germicidal action of this QAC in the presence of the Versene. It

P
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Table 8. The effect of softening methods on the interference with
germicidal activity of a 200 ppm concentration of Quater-
nary Ammonium Compound.

E,I’flprz:“f: Distilled* ' Tap*

Seconds (6 ppm) (315 ppm)
(organisms per ml surviving)

0 500,000,000 530,000,000
15 40 > 100,000
30 20 > 100,000
60 0 > 100,000
120 0 > 100,000
300 0 290

* pH value of solutions:
Distilled
Tap
Zeolite softened
Tap + distilled
Tap + Versene

o NS R S R
NN N ]




Table 8 (continued)
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Zeolite
Softened*
(180 ppm)

Tap +
Distilled*
(165 pprn)

Tap +
Versene*
(160 ppm)

(organisms per ml surviving)

470,000,000
> 100,000
> 100,000
> 100,000

5,700

0

650,000,000
> 100,000

> 106,000

> 100,000
530

0

480,000,000
40,000
50,000

1,900
500

< 100
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Table 9. Effect of Versene on Germicidal Activity of a Quaternary
Ammonium Compound in distilled water.

Exposure Distilled Water - pH 6.9
Time 1in - - e
Seconds 50 ppm* 100 ppm 200 ppm

(organisms per ml remaining)

0 | 165,000,000 165,000,000 165,000,000
15 55,000,000 26,300 40
30 39,000,000 2,480 270
60 - 4,700,000 350 0
120 36,000 - 10 0

300 1,150 0 0

* Concentration of QAC.
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Table 9 (continued)

Distilled Water and Versene, pH 6.9 - 7.0

50 ppm 100 ppm 200 ppm

(organisms per ml remaining)

95,000,000 95,000,000 95,000,000
190,000 9,000 30
13,000 30 0
4,000 0 0

0 0 0

0 0 0
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may also be noted that at a concentration of 200 ppm in distilled
water, there is sufficient germicidal power that the added effect
of the Versene is not noticeable, the same thing that was noted in
Table 8.

Since only the end result was studied in each of these cases,
there was no indication as to whether the Versene was acting upon
the QAC or whether it was altering the bacterial cell in such a
way as to make it more susceptible. This was studied in both
distilled and tap water by adding the Versene to the germicide in
one series and to the suspension of organisms in the other for
e‘ach of these test waters. These data, together with the controls
for each water, are given in Table 10. Although there is some
indication from this one trial that the combination of the Versene
and culture gave a greater reduction, the differences are not great
enough to draw any definite conclusions. Since this was somewhat
of a digression from the main problem of the thesis, no additional
trials were made.

This increased activity of the QAC when combined with
Versene is in accordance with the data cited in the manufacturer's

Technical Bulletin No. 2 (26‘)-
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Table 10. Effect of varying the initial contact point of Versene.
Distilled Water (5 ppm); QAC (50 ppm)
Exposure
Time dln Control Versene + Versene +
Seconds ontro QAC Culture
(organisms per ml remaining)
0 210,000,000 210,000,000 180,000,000
15 10,000,000 13,600 400
30 6,000,000 40 20
60 1,900,,‘000 IQ 20
120 148,000 0 0
300 280 0 0
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Table 10 (continued)

Tap Water (300 ppm); QAC (200 ppm)

Controi Versene + Versene +

QAC Culture

(organisms per ml remaining)

170,000,000 170,000,000 240,000,000
11,600,000 1,850,000 220,000
900,000 11,000 6,400
19,000 360 1,850
320 20 10

0 0 _ 0
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Briefly, the work that has been presented has shown
that there is an interference with the germicidal action of the
QAC in the presence of hard water, although this does not
seem to vary proportionally to the degree of hardness of the
water. The method by which the water is softened has little
effect except in the case of the Versene. This effect has been
shown to be independent of the softening process. However, from
these data there is mno indication of the reaction which might occur
in this interference, nor the physical state of the QAC after it has
been added to the hard water. There is a possibility that the QAC
which has been ''tied up'' so that it cannot give the same reaction
that takes place in distilled water, is still present in the solution
and may have the same germicidal potential. An ati:empt to assess
the amount of this unused potential was made by running a series
of three consecutive survivor-curve tests using the same germi-
cidal solution. This could also be considered as a test to deter-
mine how many organisms could be added to the germicidal solu-
tion before the action became depleted--or exha.usf:ed. Inasmuch
as the total volume in the medication pot is only 10 ml, and the
amount removed for sampling in each series is 5 ml, the con-

centration of the germicide in each successive series would be
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50 per cent of that in the preceding one, due to the 5 ml of cul-
ture suspension added each time. This necessitated a separate
control for each stage of the test. These data are presented in
Table 11,

Because of the difficulties involved in this technique, the
volume of germicidal solution was increased to 200 ml and the
volume of suspension reduced to 1 ml. The concentrations of both
gerrhicide and bacterial suspension were adjusted to give the same
ratio as that sought in the standard Weber and Black technique.
Several trials were made with thi:s technical arrangement and the
results presented in Table 12. These data show that the germicidal
activity of the solutions is almost the same in each stage. of the \
test. As judged by the endpoint of 100 per cent kill, there is
very little difference. However, if the entire curve is examined,
it will be seen that the 15- and 30-second survivors increase with
each stage. This would indicate that‘ the germicidal capacity of
the QAC is decreasing with each increasing increment of bacteria,
but not enough in three stages to show up at the 5-minute period.
This raised the question of how long can this dosage of organisms
be repeated before the germicide becomes exhausted. For the

purpose of studying this question, the ''exhaustion'' test was evolved.



Table 11.

The effect of adding three successive

bacteria to a solution of QAC.
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increments of

Decreasing £ Surviving Control for
Concentration x.posu.re Organisms Each QAC
Time in
of QAC After Added Concentration
) ) Seconds

Dilution Increments (org./mal)
(200 ppm)

(l1st increm.) 91,000,000 91,000,000

15 120 30

30 40 0

200 ppm 60 10 10
120 0 10

300 0 0

(100 ppm)

(2nd increm.) 91,000,000 91,000,000

15 Innumerable 23,600

30 Innumerable 520

100 ppm 60 260 270
120 10 0

300 0 0

(50 ppm)

(3rd increm.) 91,000,000 91,000,000

15 Innumerable Innumerable

30 Innumerable Innumerable

50 ppm 60 Innumerable Innumerable
120 Innumerable 2,900

300 Innumerable 300
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Table 12. Germicidal efficiency after repeated dosages of organ-

isms.
E;cfosu?'e Distilled Water;
'ime in
QAC (100 m :
o o { ppm) Trial 1

{organisms per ml)

1st Increment

0 83,000,000 110,000,000
15 14,300 171,000
30 1,110 14,600
60 0 2,000
120 0 110
300 0 -
2nd Increment 83,000,000 110,000,000
15 16,100 Innumerable
30 120 3,600,000
60 0 25,000
120 0 140
300 0 0
3rd Increment 83,000,000
15 6,200
30 170
60 0
120 0
300

0
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Table 12 (continued)

Tap Water (315 ppm); QAC (200 ppm)

Trial 2 Trial 3 Trial 4

(organisms per ml)

84,000,000 790,000,000 800,000,000
185,000 45,000 360,000
21,000 9,200 430
2,400 60 40

580 0 0

0 0 0
84,000,000 790,000,000 800,000,000
14,000,000 6,000,000 7,800,000
210,000 20,000 570
3,500 600 60

- 4,000 240

- 0 10
84,000,000 790,000,000 800,000,000
42,000,000 26,000,000 33,000,000
2,250,000 2,460,000 2,100,000
113,000 170,000 41,000
1,800 10 180
2,750 0 0
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Since the speed of kill was not the important factor here,
but rather the ability of the germicide to kill in a reasonable
length of time, the survivor-curve type of test was not used. In
place of the series of time intervals, tests were made only at an
interval of 10 minutes after the addition of each increment of the
culture. The specific techniques of this '‘exhaustion'' test have
been described in a previous section. The first series was run
on distilled water, tap water, and two intermediate mixtures of
these two with the resulting levels of 5, 115, 220, and 315 ppm
hardness. Each sample was plated in duplicate, and the average
of the two is reported in Table 13. In all four cases, the germi-
cide was able to give the same degree of germicidal activity in
the seventh increment as in the first. In other words, the exhaus-
tion point of 100 ppm of the QAC used is beyond the limit of this
series in which a total of more than 500 x 108 organisms was
added. In order to obtain any differential information, it would
be necessary té go through more increments than was done in
this case.

A series of these exhaustion tests was performed on dif-
ferent waters using 75, 100, 150, and 200 ppm of the QAC to

determine the endpoint of these various concentrations of the
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Table 13. Results of the exhaustion test applied to four differ-
ent waters of varying hardness, using 200 ppm QAC.

300 ml 200 ml Dis- 100 ml Dis-
+ »
Increment Distilled tilled tilled + 300 ml Tap
5 Do) 100 ml Tap 200 ml Tap (315 ppm) .
PP (115 ppm) (220 ppm)

(organisms per ml remaining 10 minutes
after each successive dosing)*

lst 25 10 0 30
2nd 150 10 10 320
3rd 5,000 0 5 20
4th 0 10 50 10
5th 10 0 2,300 10
6th 5 0 35 20
Tth 0 10 - 460

* Average of two plates.
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germicide. These data are presented in Tables 14 through 17.
A study of these tables reveals that, as the concentration of the
germicide increases, there is a corresponding increase in the num-
ber of increments of culture which can be killed in a 10-minute
period. This is true of both the distilled and the tap water. It
also shows that even in the case of the highest concentrations
tested in the series, the germicidal efficiency of the QAC in tap
water is rapidly exhausted under these conditions.

However, these tests still gave no indication as to the con-
dition of the QAC which obviously had beeﬁ removed from action.
Since previous tests had shown the activity to be increased by the
addition of Versene, and since this is a strong complexing agent
which might have some effect in releasing any QAC which might
be tied up but still unaltered chemically, another series was run.
In this case the plan was to start an exhaustion test and continue
it for several increments. Then some of the Versene would be
added in a quantity- sufficient to soften the water to 0O ppm hard-
ness.v As controls, three other series accompénied this one.
These consisted of one series using distilled water, a second with
tap water containing the same amount of Versene that was to be

added to the third series, which was started in tap water alone,



Table 14. The exhaustion test applied to two waters using a

concentration of QAC of 75 ppm.*

55

I’;\z;:‘::t Distilled Water r(r;fo V;::)r
(organisms per ml remaining
after each successive dosing)

1 20 Innumerable
2 0 Innumerable
3 0 Innumerable
4 Innumerable Innumerable
5 16,000 Innumerable
6 240 Innumerable
7 26,500 Innumerable
8 40,000 Innumerable
9 Innumerable Innumerable
10 Innumerable Innumerable
11 Innumerable Innumerable
12 Innumerable Innumerable

* Concentration of organisms per ml added at the

beginning of each increment - 51,000,000.




Table 15. The exhaustion test applied to two waters using a

concentration of QAC of 100 ppm. *
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I’;f;:‘::t Distilled Water rg‘fo V:::)’
(organisms per ml remaining
after each successive dosing)

1 0 Innumerable
2 500 Innumerable
3 40 Innumerable
4 0 Innumerable
5 30 Innumerable
6 20 Innumerable
7 14,000 Innumerable
8 5,800 Innumerable
9 0 Innumerable
10 30 Innumerable
11 500 Innumerable
12 35,000 Innume rable

* Concentration of organisms per ml added at the

beginning of each increment - 48,000,000.
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Table 16. The exhaustion test applied to two waters using a
concentration of QAC of 150 ppm.*

I t
neremen Distilled Water Tap Water

Number (310 ppm)

(organisms per ml remalining
after each successive dosing)

1 0 60,000

2 0 9,800

3 10 300,000

4 10 Innumerable

5 0 Innumerable

6 0 Innumerable

7 0 Innumerable

8 0 Innumerable

9 10 Innume rable
10 10 Innumerable
11 0 Innumerable
12 30 Innumerable
13 0 Innumerable
14 0 Innumerable
15 0 Innumerable

* Concentration of organisms per ml added at the
beginning of each increment - 76,000,000.
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Table 17. The exhaustion test applied to two waters using a
concentration of QAC of 200 ppm.*

Increment Distilled Water Tap Water

Number (310 ppm)

(organisms per ml remaining
after each successive dosing)

1 0 370

2 0 300

3 0 660

4 0 8,400

5 10 60,000

6 10 Innume rable

7 4,100 Innumerable

8 20 Innumerable

9 0 Innume rable
10 0 Innumerable
11 0 Innumerable
12 0 Innumerable
13 0 Innumerable
14 0 Innumerable
15 0 Innumerable

* Concentration of organisms per ml added at the
beginning of each increment - 58,000,000.
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and a.fourth series using only tap water. The results are given

in Table 18.

In the three ''control'' runs, the results are as would be
expected from the previous data. The tap water was only carried
out to seven increments, as this had been shown to be sufficient
to reach an endpoint. The interesting thing about these data is
the reaction following the addition of the Versene to the reaction
flask prior to the fifth inoculation. Not only were almost all of
the organisms added at that time destroyed, but also those which
must have been accumulating from the first four increments. Ap-
parently, the QAC which is inactivated by some factor in the hard
water is still capable of exerting germicidal action if it can be
released.

It is interesting to note also that in the case of the flask
in which the hard water sample had been discontinued after seven
increments, the count was reduced to 60 organisms per ml after
this mixture had stood for approximately 90 minutes. This would

|

suggest the possibility that over an extended period such as this

that the germicidal activity of the QAC is also released.



Table 18.
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The exhaustion test as applied to sevel"a.l waters
using 100 ppm concentration of QAC.1

Increment Distilled Tap + Tap Tap
Numbe T Water Versene Water Water
(0 ppm) (0 ppm) (310 ppm) (310 ppm)
(organisms per ml remaining
after each successive dosing)
1 0 0 Inmumerable Innumerable
2 0 0 Innume rable Innume rable
3 20 0 Innumerable Innumerable
4 0 0 Innumerable Innume rable
(Versene
added?)
5 0 0 170 Innume rable
6 0 10 0 Innumerable
7 50 0 0 Innume rable>
8 310 0 0
9 0 0 0
10 10 10 20
11 0 0 60
12 10 0 20
13 10 0 70
14 2,100 0 20
15 25,000 0 0
1

Concentration of organisms per ml added at the

beginning of each increment -

18,000,000.

500 mg Versene added in each case.

90 minute sampling - 60 organisms per milliliter.




DISCUSSION

A study of the literature on the subject of interfering sub-
stances in hard water, especially in those studies where the Weber
and Black technique was employed, indicates that the quaternary
ammonium compounds are not suitable for use in a hard water.
Using this method of testing, it has bee;1 shown that the water in
the Lansing area falls in this cat;egory. During the period of test-
ing, the hardness of the Michigan State College water supply has
varied from 300 to 585 ppm. According to the Weber and Black
test, the quatermary ammonium compounds could not be used in
this water unless the concentration were increased to 800 ppm
(Table 5). It has been previously stated that this is not in acc_ord-—
ance with the actual experience in the_field with this .group of com-
pounds.

The results of laboratory tests by the Weber and Black
technique which indicate that the quaternary ammonium compounds
would be incompatible in the college water supply are in opposition
to the results of field tests showing that dairy farms in the adja-
cent area are successfully using quaternary ammonium compounds.

However, these two findings are not incompatible, because the degree of
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kill attained and the initial inoculum must be considered. The
death curves obtained by applying a germicide to a bacterial culture
are always characterized by a so-called resistant minority of or-
ganisms that extends the time of total kill markedly beyond the
normal curve. In the case 61' death curves obtained with quater-
nary ammonium compound, the resistant minority appears to sur-
vive for a longer period than with most germicidal agents, although
this group is relatively small in number--sometimes less than 10
organisms out of an original inocqlum of 100,000,000 or more.

To avoid this seemingly long period for t.ptal kill, many workers
have suggested using an endpoint of 99, 99.9, or even 99.9999 per
cent reduction as the endpoint. This would bring the laboratory
results more in line with the field experience in this case. A
closer examination of the data presented shoxr;rs that in the case of
the tests made using 200 ppm of the germicide, there was almost
always at least a 50 per cent reduction at the end of 15 seconds.
By the end of the l-minute interval, the kill had reached a point
of approximately 99 per cent. Looking now at the practical side
of the situation, there are two factors to be kept in mind. The
first is that in many instances, even where only a contact time of

1 or 2 minutes is allowed, a reduction of 99 per cent is a very
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acceptable result. The second is the general situation in which

a sanitizer would be used. Thorough cleaning should always pre-
cede the use of a sanitizing solution. This is necessary in order
to remover the organic matter, debris, grease, or whatever type of
soil might be present on the surface to be sanitized. If this is
not done,k- there will be large amounts of material present that
will elther react with the germicide to chemically inactivate it,

or act as a barrier between the germicide and the bacterial cell
so that it cannot get to the bacteria even if there is some germi-
cidal potential remaining. As a result of thls thorough cleaning
which is necessary to remove the soil that is present, most of

the bacteria will be removed by mechanical action. This means
that when the sanitizer is applied under the proper conditions,
there should be a very low concentration of bacteria to be de-
stroyed. Since the numbers of bacteria with which we are now
dealing have thus been reduced to a very low number, a per cent
reduction of 90 or perhaps even less would give a very satisfactory
end result. For example, if the rate of kill from an actual sur-
vivor curve is applied to a theoretical inoculum of 1,700 organisms

Per ml, the following might occur:
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Actual Theoretical '"Curve’'!

T .
Seconda Curver were 1,700 org. /)
0 : 170,000,000 1,700
15 11,600,000 116
30 900,000 9
60 19,000 -
120 320 -
300 0 -

Thus, the »100 per cent endpoint would have been achieved in 60
seconds using the small initial inoculum, and an insignificant
number was attained in 30 seconds. Another way of looking at
this situation is that the amount of germicide that is usually
employed is far in excess of that which is actually needed, and
would therefore have a reserve of germicidal action which is not
used. It is apparent from the data presented that in the case of
distilled water, the use-dilution of 200 ppm quaternary ammonium
compound is far in excess of that needed even when the initial
dosage is about 100 x 106. In the presence of the hard water,
this reserve is reduced, but it is apparent from the survivor-

curve tests in which three successive increments were added that
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the germicide has almost the same activity after each load of bac-
teria has been destroyed. If the same per cent reduction were
applied in a situation in which the initial inoculum was much
less-~as would be the case with proper cleaning methods--then
the end result would be such that there would be no public health
hazard.

Another observation made from these tables is that the
interfering action of the hard water has more effect upon the rate
of kill than on the total kill. This would indicate a slightly dif-
ferent type of reserve which is not immediately available but may
be released more slowly to exert its germicidal action over a
longer period of time. This being the case, there is the possi-
bility that in many practical situations the actual contact time would
be much greater than the time allowed for the sanitizer to be in
contact with the objects being treated. That is, in the field there
is no attempt made to stop the germicidal action at the end of the
contact time although there are situations where this would occur.
That the germicide still has a potential capacity to kill large num-
bers of cells is demonstrated by the results given in Table 18 in
the case of the tap water sample. When the test was discontinued

at the end of the seventh increment, the organisms surviving were
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such that a plate prepared from a dilution of 10;2 was completely
overgrown. However, after 90 minutes, the germicide was able
to reduce the number of cells from the total of 126 x 106 that
had been added to 60 organisms per ml (as represented by six
colonies on the 10-1 dilution plate).

In actual practice, there are many instances where a rel-
atively slow action from a sanitizer is a very acceptable situation.
The sanitization of beverage glasses may be cited as an example.
After the proper cleaning has been accomplished, the glasses
carry a very small number of bacteria when they reach the germ-
icidal rinse. Assuming the volume of the rinse tank to be about
5 gallons, the majority of the bacteria remaining on the first
glasses to be introduced into a fresh solution would be removed
from the glass by dilution. These organisms that had been washed
off would then be attacked by the germicide. That is, much of the
germicidal action would be taking place in the solution as well as
on the surface of the glasses. As long as the bacterial count of
the rinse water approached zero, the dilution effect would continue
to remove organisms from the surface of the glasses and the end
product--the bacterial count on the glass--would be satisfactory.

The function of the germicide in this case would be to keep the




67
bacterial count of the rinse solution Very low. To accomplish
this, only a sufficient speed of kill would be necessary to destroy
all of the organisms removed from one glass, or group of glasses,
before the next was placed in the rinse water. As long as the
rinse water does not become overloaded due to insufficient washing
or some other factor, a relatively slow-acting germicide would be
just as effective as one with a very rapid kill. If this situation
of overloading did exist, the fast-acting compound would probably

not be effective either due to the inactivating action of the soil

present.

In each of these cases discussed, there is a portion of the
compound which has been made germicidally inactive. The work
of Salton in Australia (19) has shown that the bacterial cell
adsorbed more of the germicide than was necessary to kill it.

His test organisms were Pseudomas flourescens 542, and

Micrococcus pyogenes var. aureus. Using four pH levels from

5.2 to 8.2 and germicide concentrations of 100, 200, 400, and

800 ppm of quaternary ammonium compound, he was able to show
that the amount of quaternary ammonium salt adsorbed was the
same for all four pH levels, but the germicidal action was de-

pendent upon the pH of the solution. This indicates that the
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process of adsorption on the surface of the cell is somewhat inde-
pendent of the germicidal action taking place.

Based upon this work and the fact that the adsorption is
dependent upon the isoelectric point of the cell which can be
altered by a change in pH, an attempt was made to release this
material in the following manner: Using a modified Weber and
Black method, two neutralizing solutions were run in parallel,
and inoculations were made simultaneously inte each. One of these
solutions was kept at the usual pH of 7.2, and the other was ad-
justed to 3.8. The data presented in Table 19 are evidence that
there was little difference between the two pH levels in two sep-
arate trials. Although these data are inconclusive insofar as
this particular problem is concerned, they are presented here to
show that the neutralizer is apparently doing a good job. If
there were some bacteriostasis taking place because of the germi-
cide that was adsorbed on the cell surface, then the inocula in the
acid blank should have shown increased growth because of the re-
lease of the quaternary ammonium molecules from the surface

and their reaction with asolectin.
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Table 19. A comparison of acid and neutral inhibitor solutions.
Distilled Water (0 m); Tap Water (300 m);
El’flprzzu: QAC (100 ppm§)p ) pQAC (20(0 ppzil; !
Seconds pH 7.2 pH 378 pH 7.2 pH 3.8
(organisms per ml surviving)
0 98,000,000 120,000,000 66,000,000 66,000,000
30 120 550 1,250,000 830,000
60 20 0 120,000 98,000
120 0 0 2,500 1,700
300 0 0 0 0
Second Trial
0 240,000,000 240,000,000 250,000,000 250,000,000
30 21,000 19,000 140,000 120,000
60 300 230 11,000 7,200
120 30 0 100 70
300 0 0 0 10
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Dennis (4) showed what happens when an in vivo test
is used concurrently with an in vitro method. He 'employed

two highly mouse-virulent organisms, Streptococcus pyogenes,

strain C-203, and Pasteurella boviseptica as the test orgaﬁ—.

isms. Using an exposure period of 2 minutes, he was abl.e;.‘
to show that the germicide in the presence of Norwood water gave
a greater protection than when diluted in distilled water--another
case in which the interfering action of the hard water did not

seem to affect the end result.

All these factors presented indicate that the survivor-
curve test as outlined by Black and Weber would not be a satis-
factory test to use in the evaluation of a quaternary ammonium
compound in hard water, especially when the cox_i'téct period is
more than 1 or 2 minutes.

Although the correlation between this laboratory method and
the actual application seems questionable, the data presented do
confirm the fact that there is some interference with the germi-
cidal action of this group of compounds by the presence of hard
water. It has also been shown that by the use of Versene, the germ-
icidal efficiency of these compounds can be increased in hard water

so that the speed of kill is comparable to that of the same concentration
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of quaterna.ry ammonium compound in distilled water. For several

formulations of this type of combination, reference may be made
to the bulletin of the manufacturer (26).

Additional studies on this compound (Table 9) have shown
that there is also an increase in the germicidal activity of the
quater'nary ammonium compounds diluted in distilled water when
the Versene is added. This indicates that the action of this com-
pound is more than a simple removal of the hard water ions. No
satisfactory explanation of this is known at the present time. It
is reported (6, 26) that there is a zone at which the concentration
of quaternary ammonium.compound and Versene react with each
other to form a cloudiness or precipitate accompanied by a sharp
drop in germicidal activity. This can be recovered by increas-
ing the concentration of the Versene beyond the zone,

Considering again the reaction of the Versene in the hard
water solutions, there are several things which might be proposed
as a result of this action. A simple equation for the chelating

reaction of this compound can be given in this way:

VYVersene + metal ions > Metal-Versene complex + sodium ions

This is given more in detail in Figure I. Two points from the




i o
NaO—-C-—-CH H o C—ONa
N-CH 5 CHZ—-N
NaO-C—CH CH_—C~ONa
@) O
o A4 o
NaO-~-C—CH CH —ICl—-ONa

2\ 2
/N:-:‘CHZ_CHZ—’T
CH > \\ - CH 2
\ / ba'\ /
O/C-O O—C\O

Figure I.

72

++

+ 2Na+

The chelating reaction of Versene.
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Technical Bulletin No. 2 are of interest here. The Versenes are

nonspecific in their complexing action in that they will inactivate
practically any metallic ion. Also, this cvomplex is such that the
Versene will break down simpler complexes and metal salts even
though they may be insoluble.

Although it has been shown that there is more to the action
than that of softening, it is likely that the main activity of the
Versene in hard water is a complexing out of the factor that is
the interfering substance. Thus,\ in the case of the exhaustion
test in which the Versene was added after four increments, it
seems likely that the action is due to this property of destroying
complexes of a more simple nature to form a Versene complex.
Although the combination of the interfering factor and the quater-
nary ammonium compound can only be speculated upon, it is evi-
dent that there is 1itﬂe, if any, alteration of the germicidal action
of the quaternary ammonium compound taking place. This has
been shown by the addition of the Versene resulting in the imme-
diate release of a large amount of the germicidal agent.

Studying the information given in Table 10, it is not pos-
sible to determine whether the enhanced action of the Versene is

due to some action on the bacterial cell or an alteration of the
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germicide itself to make it more germicidal. The only differ-
ences indicate that there is slightly better germicidal action when
the Versene is added to the bacterial culture first. This would
be indicative of an action which altered the bacterial cell in some
way to make it more vulnerable. However, it would be inadvis-
able to draw any definite conclusions from these limited data,
especially since some of the work by Géotchius (6) would indicate
that the action is better when the Versene is added to the germ-
icide first. From a practical standpoint, the main thing is the
increased germicidal activity which results; however, a continua-
tion of these studies might be of interest from the standpoint of

determining the mode of action of this phenomenon.

The use of the exhaustion test for the evaluation of qua-
ternary ammonium compounds in the presence of hard water gives
more information which correlates with the practical situation
thé.n does the survivor-curve type of test of Weber and Black.

It is possible to show that there is a reserve of germicidal po-
tential present even in the case of hard water that is not evident
from the results of the Weber and Black method. This is dem-
onstrated by the fact that the subsequent increments of culture will

be killed until an endpoint is reached with the quaternary ammonium
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compound in the ''normal'' state in the hard water. The test was
easily adapted to the technique with the addition of Versene which
has been discussed previously.

The time interval was selected with the idea that 10 min-
utes would give sufficient time for the action of the germicide to
be completed. In this way an evaluation could be rnade of the
""total'' action taking place. That this was a false assumption can
be seen by the results with the tap water as shown in Table 18.
When the solution was allowed to stand for about 90 minutes,
there was a marked increase in the germicidal action over the
10-minute period. These time intervals could be adjusted to give
information for any time period desired from the 15- and 30-second
intervals used by Cantor and Shelanski up to any desired interval.
The repeated increments could be used in the same way with any
interval.

By the interpretation of the results of the exhaustion test,
it is possible to obtain an evaluation of a compound in the presence
of hard water which is much closer to the actual conditions than
the survivor-curve type of test. Although extensive tests would
be necessary, it might be possible to establish a certain criterion

as an endpoint by a comparison with the results.of actual field
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studies. Thus, a laboratory evaluation of the quaternary ammonium

compounds in the presence of hard water could be made.

— e o




CONCLUSIONS

1. The interference of the hard water of the college water
supply was shown to affect the rate of kill of the quaternary am-

monium compounds to a greater extent than the total kill.

2. Data are presented to show that the germicide had

been inactivated, but not completely destroyed.

3. The addition of Versene after several stages of the ex-
haustion test released the quatermary ammonium compound that

had been inactivated so that it exerted a germicidal action com-

parable to that observed in distilled water.

4. Using a concentration of 200 ppm of quaternary am-
monium compound, the addition of 870 x 106 organisms per ml
in fifteen increments did not exhaust the germicidal capacity of
this compound in the presence of disfilled water. Wher'J. diluted
in tap water, the endpoint of germicidal action was noted after

6
the addition of 340 x 10 organisms per ml.
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5. The exhaustion test is presented as a method of ob-
taining a more realistic evaluation of the germicidal properties
of the quaternary ammonium compounds in the presence of hard

water.




DISLIOGRAFHY

Botwright, W. E. 1952. Sanitization of dairy farm uten-
sils. A comparison of a cleaner-sanitizer containing
Hyamine 1622 with an alkaline cleaner and hypo-

" chlorite sanitizer. J. Milk and Food Tech. 15, 29-33.

Butterfield, C. T., E. Wattie, and C. W. Chambers. 1950,
Bactericidal efficiency of quaternary ammonium com-
pounds. Pub. Health Rpt. 65, 1039-56.

Cantor, A., and H. A. Shelanski. 1951. A capacity test for

germicidal activity. Soap and Sanit. Chem. 27, (2)
133.

Dennis, E. E. 1951. Quaternaries in hard water. Soap and
Sanit. Chem. 27, (3) 117.

Foster, E. M. 1949, ‘Quaternaries vs. chlorine in bacteria
control. Jour. Milk and Food Tech. 12, 13-18

Goetchius, G. R. Personal communication.

Hanne, R. 1937. Die Wahl der Desinfektionsmittel flir den
Gebr%%ith in Krankenanstalten. Pharm. Zeit. 82,
975-978.

Johns, C. K. 1947. Quaternary ammonium and hypochlorite
solutions for sanitizing dairy utensils and equipment.
Proc. 26th Educ. Conf., Dairy Plant Oper. and Milk
Dist., Univ. of Vermont. 31-35. (Cited by Lawrence,
C. A., Surface active quaternary ammonium germi-
cides, pg. 40.)

Lawrence, C. A. 1950. Surface active quaternary ammonium
germicides. Academic Press, Inc. New York, N. Y.
vii + 245 pp.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

80

Mallmann, W. L., Edgar Kivela, A. L. Bortree, E. S.
Churchill, and L.. H. Begeman. 1946. The influence
of the method of sanitizing milking machines on the
bacterial content of the milk. N. Y. State Assoc.
Milk Sanitarians. Ann. Rpt. 20, 177.

Mallmann, W. L., E. W. Kivela, and Gray Turney. 1946.

Sanitizing dishes. Soap and Sanit. Chem. 22, (8)
130.

Mallmann, W. L., and R. J. Harley. 1950. Practical as-
pects in the application of quaternary ammonium
compounds. Soap and Sanit. Chem. 26, (3) 126.

Mallmann, W. L., W. Alegnani, and N. Cope. Unpublished
data.

Mueller, W. S. 1949. Detergent sanitizers. Jour. Milk
and Food Tech. 12, 240-43.

Mueller, W. S., and D. B. Seeley. 1948, Effect of some
water constituents on a quaternary salt. J. Dairy
Sci. 31, 723-24.

Mueller, W. S., and D. B. Seeley. 1951. Effect of metallic
ions on germicidal activity of quaternary ammonium
germicides. Soap and Sanit. Chem. 27, (11) 131.

Rahn, O., and W. P. Van Eseltine. 1947. Quaternar@ am-
monium compounds. Ann. Rev. Microbiol. 1, 173-92.

Ridenour, G. M., and E. H. Armbruster. 1948. Some fac-
tors affecting the properties of quaternary ammonium

compounds as sanitizers. Am. Jour. Pub. Health.
38, 504-11.

Salton, M. R. J. 1950. The bactericidal properties of cer-
tain cationic detergents. Aust. J. Sci. Research B.
3, 45-60.




20.

21.

22.

23,

24.

25,

26.

81

Shere, L.. 1948. Some comparisons of the disinfecting prop-
erties of hypochlorites and quaternary ammonium
compounds. Milk Plant Monthly. 37, 66-69 (March).

United States Public Health Service. 1947. Quaternary am-
monium compounds. Milk Dealer. 36, (10) 78-80
(July).

United States Public Health Service. 1943. Ordinance and
Code Regulating Eating and Drinking Establishments.
Public Health Bull. 280. vi + 60 pp.

Weber, G., and Luther Black. 1948. Laboratory procedure
. for evaluating practical performance of quaternary am-

. 7 monium ani other germicides proposed for sanitizing

* * food utensils. Am. Jour. of Pub. Health. 38, 1405-
1417.

Weber, G. A., and L. A. Black. 1948. Inhibitors for neutral-
izing the germicidal action of quaternary ammonium
compounds. Soap and Sanit. Chem. 24, (9) 137.

Wyss, Orville. 1948. Chemical disinfectants. Ann. Rev. of
Microbiol. 2, 413-434.

1950. The Versenes. Tech. Bull. No. 2, Bersworth
Chem. Co., Framingham, Mass.




