proper test method, the compounds may appear as good
disinfectants (Mallman et al., 1946), or that the phenol
coefficient test cannot be used to test quaternary am-
monium compounds (Sykes, 1965), or that disinfection
end points obtained via inoculated carrier tests require
much larger amounts of compound over those observed
from phenol coefficient testing (Mallman and Hanes,
1945; Stuart et al., 1953), or that tests with quaternary
ammonium compounds measure bacteriostatic activity
instead of bactericidal activity (Klarmann and Wright,

1946) are grossly misleading unless some additional in-
terprehve and qualifying information is provided. Un-
for ]arge of the expenmentnl wurk of
the midd] 19305 diatel ’s pub-
lication (1935), did indeed indicate a “ndespread spec-
trum of antimicrobial activity, including sporicidal and
tuberculocidal activity at extremely low concentrations
of quaternary ammonium compounds. There is little
doubt that this was a result of inadequate neutralization
of the test material carried over to the subculture me-
dium, so that a static condition produced in the subcul-
ture was mistaken for destructive activity.

However, it must be remembered that the entire area
of neutralization to prevent carryover stasis was inade-
quately dealt with at the time. A firm distinction between
the biostatic and biocidal activities of an antimicrobial
was not always determined. The necessity to obviate
stasis from the subculture medium was not always de-
manded as a requisite of antimicrobial testing, and the
neutralization with specific chemical moieties used for
individual classes of antimicrobials was not always in-
sisted upon. Any neutralization that occurred utilized
dilution of the carryover a.ntlmlcmblal from the aliquot

le to the vol of Iture medium to obtain a
less than static concentration of the antimicrobial in the
subculture medium.

More recently, the successful ldennﬁcatlon of dlscrete
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Py d b

tire spectrum of modern d
extrapolation from the phenol coefficient to recom-
mended use-dilution for a product by way of some ar-
bitrary factor is invalid and untenable in any and every
instance (l(]armann, 1959; Ortenzlo et al 1961) If the
in-use ization of a d d from
the phenol coefficient test, the method beeomes entirely
useful to describe the antimicrobial activity of a substance
as the concentration that will destroy a bacterial suspen-
sion in 5-, 10-, or 15-minute contact periods. The
method, which fixes many independent variables such
as operation equipment, media, perature, and vol-
umes of test solution and inoculum, may be applied with
some minor reservations to any species of microorgan-
ism. That carrier type test methods provide lower di-
lution end points than the phenol coefficient method has
already been stated for quaternary ammonium products
(Mallman and Hanes, 1945; Stuart et al., 1953) and, more
importantly, for other kinds of chemical products (Klar-
mann, 1959; Ortenzio et al., 1961). The dynamics of
testing carriers prepared with inocula as dried films of
microorganisms provide a more severe test than the lig-
uid inoculum system of the phenol coefficient method.
This feature of carrier-type tests has led to the devel-
opment and use of these tests by the United States reg-
ulatory agencies to measure bactericidal, sporicidal, tu-
berculocidal, and sanitizing activity (Official Methods,
AOAC, 1984).

Of special note are the efforts to determine the validity
and y of p t-label staty ts and claims
made by fi s of disinfectant products for sale
in the United States. This regulation of antimicrobials
intended for treatment of inanimate surfaces was for-
merly exercised by the United States Department of
Agriculture and currently by the United States Envi-
ronmental Protection Agency. It includes deliberate
scrutmy ofa product for antimicrobial efficacy and tox-

chemicals as specific quaternary
neutralizers, which may be incorporated into subculture
media or into diluents, has made it mandatory that an-
timicrobial testing be performed only in the presence of
such neutralizers (Quisno et al., 1946). Consequently,
the more recent experimental results with quaternary
ammonium compounds cannot be discredited as static
instead of destructive. The statement that the quaternary
ammonium compounds may be made to look good by
the proper test selectlon (Ma.llman et al., 1946) may be
pplied to any antimi

Certainly, a manipulation of the various test param-
eters such as type and amount of soil, selection of test
organisms, and many others will bias the results, so that
any chemical product will appear as a good or poor an-
timicrobial agent. Of the many inadequacies attributed
to the phenol coefficient test method (Klarmann and
Wright, 1946; McCulloch, 1947), the most pertinent ob-
jection was its use as an index of actual disinfection levels
for quaternary ammonium compounds (Sykes, 1965).
However, this same objection may be raised for the en-

and ch | properties in compliance with the
product-label claims and other attendant information—
all prior to the initial sale of the product. Further, the
agency is required to future prod
ona penodlc inspection schedule, To facilitate the an-

a ber of testing p )

are prescribed to examine specific antimicrobial activity
(Greene and Petrocci, 1980).

For those catalogued as AOAC methods, the reader
is referred to the AOAC publications (Official Methods
of Analysis of the AOAC; 1984) for the purpose, scope,
precise methods, and application areas served by these
tests. In addition to the AOAC methods. the Environ-
mental Protection Agency r thods to de-
termine the sanitizing activity on inanimate, nonfood
contact surfaces, the initial and residual bactericidal and
bacteriostatic activity of treated laundry fabric, the san-
itizing activity on carpeting, the virucidal activity on en-
vironmental surfaces, and the initial and residual fun-
gicidal and fungistatic activity on i surfaces. This
requirement to test products by specified protocols pro-
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vides a useful means to collect data that may be com-
pared, and so to more accurately erize the anti-
microbial activity of a The recent installati
of prescnbed test methods by other agencies and in other
countries is a most salutary development to eliminate
the confusing conclusions developed heretofore from
many different kinds of experimental studies.
Quaternary ammonium compounds have been tested
by a multitude of different procedures, which may be
generally classified as (1) In vitro static or mini in-

ricidal or virucidal against hydrophilic viruses at high
concentration levels (Klein and Deforest, 1963; Smith et
nl 1950; Davies, 1949). They are bactericidal to both

positive and g bacteria, with some ev-
idenm for greater activity agmnst the gram-positive bac-
teria (Quisno and Foter, 1946). In this regard, it should
be remembered that the gram-negative bacteria as a

hibitory level tests, usually as broth dilution tests; (2) In
vitro or killing dilution tests, with phenol coefficient as
an example; (3) Simulated use-dl]uhon tests, including
inoculated mmexs of representauve surfaces such as

inless steel, ung] in, and fabric; and (4) In-
use tests, which use the | product in the actual environ-
ment (Greene and Petrocci, 1980). The results of such
testing with quaternary ammonium compounds may be
summarized as follows: the active quaternary ammonium
oompounds sold as ltems of commerce are algistatic, bac-

ter and fungistatic at
low concentration levels of 0.5 to 5 ppm (Hued( etal.,
1966; Freel 1940; Schneider, 1935); they are al-

gicidal, bactenudll fungicidal, and virucidal against
lipophilic viruses at medium concentration levels of 10
to 50 ppm (Lawrence, 1950; Petrocci et al., 1974; Klein
and Deforest, 1963); they are not tuberculocidal or spo-

group, and especially the p are more
to all the antimicrobial pounds currently
)
The quaternary ds are bact

cidal agents in acid and alkalme envnronments, with some
evidence for greater activity in the alkaline range (Ger-
shenfeld and Perlstein, 1941). The followmg descnpuons
of antimicrobial results are pr d as
data for quaternary ammonium compounds They are
compiled and prepared from the published scientific lit-
erature, from Onyx (Stepan) unpublished work, from
brochures and data sheets supphed by the quaternary
ers, and from patents
issued for quaternaxy ammonium compounds. It is im-
portant to recognize the absence of bias in information
lied by the facturers’ literature that is carefully
scrutinized by the latory ies in ad of the
sale of the chemical. The bacteriostatic, fungistatic, and
algistatic activities of fatty nitrogen compounds, includ- -
ing quaternary ammonium compounds, were described

Table 13-14. Inhibiting Concentrations (in PPM) of Fatty Nitrogen Compounds For Some Bacteria, Fungi, and Algae
Bacteria
G-N G-P
Escherichia Pseudomonas Bacillus Staphylococcus

Compound coli fluorescens subtilis aureus
Benzethonium chloride 1,000 300 3 3
Benzalkonium chloride 200 300 3 4
Dodecyluimedwyl unmonlum chlonde 500 500 5 5

chloride 750 750 2 2
Gocobenzyldimethyl ammonium chloride 225 225 2 2
Didecyldimethyl ammonium chloride 225 750 0.7 7

Fungi
Aspergillus

Compound niger C. globosum M. verrucaria T. viridae
Benzethonium chloride 300 30 300 200
Benzalkonium chloride 60 10 40 80
Dodecyltrlmed:yl nmmvnlum chloride 500 50 500 500

chloride 5 * 150 s
Ca»benzyldmwtbyl ammonium chloride 20 7 20 20
Didecyldimethyl ammonium chloride 75 g 20 20

Algae
Stigeoclonium
Compound Ch. vulgaris species A. cylindrica Os. tenuis
Benzethopium chloride 3 1 1 1
Benzalkonium chloride 1 0.7 1 0.6
Dodecyltnmcdlyl ammomum chloride 50 5 5 0.5
d ium chloride 02 02 0.2 0.2

Cocohenzyldlmethyl ammonium chloride 2 0.5 2 0.7
Didecyldimethyl ammonium chloride 2 0.7 0.2 0.7
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by Hueck et al. (1966) data selected therefrom for the
quaternary are
Table 13-14. The ldllmg dllutions for some chemi lly

QUATERNARY AMMONIUM ANTIMICROBIAL COMPOUNDS « 243

and the negative effect of organic matter on antimicrobial
activity (Table 13-18).

Y

diﬂ'erent ilable quaternary
aRern"‘ t ‘peﬂodntz()"be
the phenol coefficient method against the necommended

La (1850) described the effect of pH on the
antibacterial activity of an alkyldimethylbenzyl ammo-
nium chloride at 5-, 10-, and 15-minute contact periods
agnmst Staphylococcus aureus. A portion of these data

test organisms Staphylococou: aureus and Sal

ilabl as Table 13—19 Over many years, Petrocci

typhosa are d from the facturers’ broch
(e.g., Brochure: Hyamine, Brochure: Roccal BTC
2125M BTC, Brochure; Bardac) as Table 13-15.

These are at high dilutions against both organisms,
and they are at significantly different dilutions depending
on the specific chemical structure of the quaternary com-
pound. The effect of the size of the quaternary molecule
on the lnﬁ.mmblal activity of a homologous series of

Tuldi,

chlorides is well docu-
mented by Cutler et al. (1966) They demonstrated a
as the high killing di-

lution against Staphylooooms aureus and Salmonella ty-
phosa and Pseudomonas aeruginosa for the C;; member
compound tested. Their results are shown in Table 13-3.

Additional evidence for the structure and antimicrobial
activity relationship is offered by the work of Petrocci et
al. (1974), who evaluated the interference of hard water

with the' sanitizing activity against Escherichia coli of a.

group of dialkyldimethyl ammonium chloride com-
pounds of varying long-chain lengths. This comparison
of the hard-water tolerances, which are defined as the
hetic hard water (as
CaCO0,), in which 200 ppm of active quaternary com-
pound will continue to effectively sanitize (at 99.999%
reduction) a suspension of Escherichia coli after a 30-
second contact period, are displayed in Table 13-16.
Quisno’s work with cetyl pyndmlum chloride (Quisno

has ined the fu | activity of many quaternary
structures against T. interdigitale (Petrocci, unpub-
lished). Some of these data are available as Table 13-20.
This small section of antimicrobial activity is only a mi-
nute portion of the total information that has been pub-
lished and is available for examination. The space limi-
tations of this chapter do not permit a complete listing
of this information; instead, I have attempted to select
and present representative data that are compatible with
the bulk of current opinions in the field.

TOXICOLOGY

On March 4, 1987, the EPA issued a Data Call-In

Nohee  requiring all reg;strants of anumlcmblal actlve
to submit sub and ch

data to support the continued registration of their prod-

ucts. The EPA will permit registrants to select among

several options for ways to comply with the data require-

ments of this notice. The EPA has concluded that it

- should be possible to evaluate risk by acquiring exposure

data and by acquiring toxicity data under a tiered ap-
proach. The three-tier studies may be summarized as
follows

A. The first-tier studies:
1. 90-days dermal
2. 90-days inhalation
3. Teratogenicity Ist

and Foter, 1946) ill several ch istics of qua- 4 Mutagenicity

ternary ammonium compounds, such as the greater ac-

tivity for gram-positive bacteria over gram-negative bac- B. The second-tier studies:

teria (Table 13-17), and the positive effect of temperature 1. Subchronic feeding

Table 13-15. Killing Dil of C cially Available Quaternary A Germicides for 10-Minute Contact Periods

at 20°C from Phenol Coefficients in Manufacturers’ Brochures

Killing Dilutions vs.
Chemical Staphyl oureus  Salmonella typhosa
Di-isobutylpk hoxyethyl dimethy) benzyl chloride 1/25,000 1/25,000
40% Methyldodecylb | trimethyl chloride, 10% methyl-dodecylxylylene bis 1/24,000 1/22,500
(trimethyl ammonium chloride)
N-; alkyl (SO%C 40%(2., 10%C,¢) dimethyl benzyl ammonium chlorides 1/45,000 1/45,000
chloride 1/42,800 1/67,500

N—alkyl (60%C,s, 30%Cq, 5%C,z, 5%C,a) dimethylb 1 hlorid 1/44,000 1/39,600
25% N-alkyl (68%C,,, 32%C,,) d hylethylb 1 hlorid 1/55,500 1/54,300
N-alkyl (98%C,s, 20%C,J) di hyl 1-naphthylmethyl hlorid: 1/60,000 1/58,500
N-alkyl (50%C,,, 30%C,,, 17%C,. :I%C,.) isoquinolinium bromides 1/38,000 1/40,000
Octyldodecyldimethyl /61,800 /57,500
Alkyl (50%Cu mC.. 10$Cu) d thylbenzyl i h 1/43,500 1/40,500
Didecvldi ) 1/63,000 1/84,000
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Table 13-16. Hard Water Tolerances (PPM CaCO,) of Dialkyldimethyl Quaternary Ammonium Compounds with Long-Carbon
Chains (R, + R,) that Total 19 to 22 Carbons

Totals
Carbons
(R, + Ry)* Hard Water Tolerance (ppm CaCOy)
19 700 800 500 550
20 500 900 1200 1400 1100
21 300 700 900 1300 1300
22 400 550 75 900 800 650 R, carbon
6 7 8 9 10 11 length

*R, carbon chain length obtained by subtracting R, carbon chain length from the R, + R, total carbon chain length.

Table 13-17.  Germicidal Activity of Cetyl Pyridinium nary ammonium compounds into four groups, so that the
Chloride Aqueous Solution toxicity study would be facilitated by selecting one mem-
Average Critical Killing ber from each group for testing. o N
No. Dilution In Terms of Group I: The straight-chain alkyl or hydroxyalkyl qua-
Strains Active Ingredients at 37°C ternaries; the most common product in this group is the
Organism Tested No sirem twm chaln quats ’l'he EPA will allow a full set of sub-
Staphylococcus aureus s 180,000 and ch icity studies on didecyldimethyl
Staphylococcus albus 1 173,000 ammonium chloride and teratology studies on alkyltri-
Streptococcus viridas 1 1:42,500 methyl ammonium chloride.
Streptococcus i 2 1:127,500 Group ll 'l'he nonhalogcnaked substituted benzyl and
Neisseria catarrhalis 2 1:84,000 ds (ADBAC);
Diplococcus pneumoniae 1 1 1:95,000 namely benzalkomum chlondes The EPA will allow a
Pseudomonas aeruginosa 2 1:5,800 full set of subch di on alkyl[C o
Klebsiella pnemnonlu 2 1:49,000 40%, C,—50%, C,,—IO%] A holh
ﬁ""""’b’“mmm : :?‘52;0 chloride. The EPA notes that after evaluating the data
M’ syphose 5 1:48,000 it expects to receive on the Group I and II compounds,
Escherichia coli 2 1:66,000 it may also require one or more smdxes on alkyl[C,,—
Proteus vulgari 2 1:34,000 68%, C,—32%] hyleth chlo-
smguadym":m 1 1:60,000 ride, to determine whether t.he Gmup 1 and ADBAC
Shigella paradysenteriae 2 1:52,000 data is representative of the toxicity of the ethylbenzyl
(Flexner) quats.
. (Hiss) i . el lc"‘"‘ﬂ 1I: The alkyl[di- and tri- chloroben-
y zy, pounds. The EPA will allow
Shigella sonne 2 168,000 a full set of subchronic and chroni dies on alkyl[C.,——
5%, C.—90%, C,—5%) dimethyl 3,4-dichl
2. Teratogenicity 2nd ammonium chloride.
3. Dermal absorption Group IV: The h li d
4. 90-days neurotoxicity with unusual substituents. In this group the EPA was
he third tler sticdies: unable to reach a conclusion in testing a small subset of
C. T ;1 ire .-m(;r ef!‘ S: ) quats. Each chemical in this category must be tested
L g ronic feeding, two species separately, unless registrants can develop a testing
2. Oncogenicity, two species using repr ive " ds that is ot

3. Reproduction able to the EPA. Re
. arify i n presentative compounds in Group
* a}:fitvailt)yoﬁﬂt::ncships PRI R 1V are (a) alkyl[C,/C] substituted Picolinium com-
pounds; (b) alkyl[Cy/C,q] i p (0
On February 26, 1988, the EPA clustered the quater- alkyl[C,/Cs] N-ethyl-morpholini pound and d)

Table 13-18. Effect of Temperature and Serum Upon Germicidal Activity of Cetyl Pyridinium Chloride
Critical Killing Dilutions Expressed in Terms of Active Ingredients

3rc 20°C
Organisms No Serum 10% Bovine Serum No Serum 10% Bovine Serum
Staphylococcus aureus 1:110,000 1:11,500 1:67,500 1:6,750
Eberthella typhosa 1:83,500 1:4,000 1:62,500 1:1,300
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Table 13-19. Effects of pH on the Antiseptic Efficiency of a Quaternary Ammonium Germicide Against Staphylococcus Aureus

Bacterial Growth after

Quaternary Ammonium Acid or Alkali Minutes of Exposurs

Compound Conc. per 100 ml _pH 5 10 15
1:15,000 0.10 ml N/10 HCI 43 - - &=
1:15,000 0.25 ml N/10 HCI 38 - = =
1:15,000 0,50 ml N/10 HCI 35 + + +
1:15,000 1.00 ml N/10 HCI 32 * + +
Control (no quaternary 1.00 ml N/10 HCI 32 + * +*

ammonium compound)

1:25,000 0 6.7 #+ % +
1:25,000 0.10 ml N/10 NaOH 9.4 * * +
1:25,000 0.25 ml N/10 NaOH 10.0 + " =
1:25,000 0.50 ml N/10 NaOH 10.2 * + -
1:25,000 1.00 ml N/10 NaOH 10.5 G g . =
1:25,000 1.25 ml N/10 NaOH 10.6 + = -
Control (no quaternary 1.25 ml N/10 NaOH 10.6 + * +

ammonium compound)

alkyl(C,,/Cs] isoquinolinium compounds and other het-
erogeneous structures.

A knowledge of the toxicologic properties of quater-
nary ammonium compounds is important so that the
safety, health, and well-being of man and animals are
not compromlsed by contact with these chemicals as they

or used. Al-
though these spemﬁc jons are not the
studies to characterize the general toxicologic properties
of antimicrobial quaternary ammonium compounds and
the studies of the harmful consequences of these chem-
icals at concentrations nmula(mg their use pat(ems are

and dermal Also, the toxicity is determined as an acute
llowing a single ation of the chem-
icll as a short-term or $ubacute response following a
le, periodic administration o ical over a
short penod such as 30 or 90 days, and finally as a chronic
response following a multiple, periodic administration
over a long period, such as the animal’s life span. The
LD,, amounts of quaternary ammonium compound de-
pend on the route of admini: A
of this |s the work of Nelson and Lyster (1946), who
ined myristal picolinium chloride and reported an
LD,, of 250 mg/kg by oral administration, 200 mg/kg for

of primary importance. T effect is d at
three levels: (1) at the amount necessary to bring about
the response with 100% of the experimental animals,
LD,q; (2) at the amount that will cause the response with
50% of the animals, LDy; and (3) at the amount that
does not produce the response with any of the animals,
LD,. The LDy level is most frequently used to char-
acterize toxicity. In addition, the methods of adminis-
tering the chemical are also |denn.ﬁed using descriptions

7.5 mg/kg for intraperitoneal in-
jection, and 30 mg/kg for intravenous injection. Using
the acute oral LDy, which is the toxicologic characteristic
most frequently described, one may compare the tox-
icities of different quaternary compounds. When this is
done with the work of Shelanski (1949) and Finnegan
and Dienna (1954), we observe acute oral LDy, values
in white rats of 445 mg/kg for alkyldimethylbenzyl am-
monium chloride, 500 mg/kg for alkenyldimethylethyl

such as oral, subcut: I, int I

Table 13-20. Critical Killing Dilution (10-Minute Contact
Period) Required for Aqueous Diluﬂoru of Qualemam

bromide, 730 mg/kg for alkyldimethyl 3,4-
dlchlorobenzyl ammonium chlonde, 420 mykg for di-

chloride, and 389 mg/kg for alkyltolymethyltrimethyl
ium chloride. These and similar data obtained

Compounds to Kill Spores of Trick I
Dilutions are Based on Anhydrous Germicide

Avg.
Chemical Structure Killing Dil. .
0% methyldodecylbenzyl o1 1/2000
chloride, 10% methyldodecylxylylene bis (trl-
methyl ammonium chloride)
25% n-alkyl (60%C,,, 30%C,4, 5%C, 5%C.0) 1/800
dimethylbenzyl ammonium chloride, 25% n-
alkyl (68%C.s, 32%C,)) dimethylethylbenzyl
ammonium chlorides
Octyldodecyldimethyl ammonium bromide 1/5000
Didecyldimethyl chloride V4750

from studies wnth man and laboratory animals have led

to the lusion that the antimicrobial qua-

ternary i P d d to date exhibit

similar toxicologic and | rties.
Dermal toxiclty was also enmlned hy Shelansld (1949)

and Finnegan and Dienna (1954), who concluded from

animal and human testlng that 0.1% was the maximum

of the

joned pounds that

would not produce prlmury irntauon on intact skm or
act as a Th

bviousl: lnl deration, which was un-

dertaken bya number of investigators. Nelson and Lyster
(1946) observed that a 1:3000 (333 ppm) solution of myr-
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istal pi chloride produced a slight irritation of
the conjunctival mucosa of rabbits. Walter (1938) re-

dimethylethyl ium bromide, laurylisoquino-
linium L ide, or alkyldimethyl 3,4-dichlorob 1
chloride as their sole source of drinking water

ported that a 1:1000 dilution (1000 ppm) of alkyldi

ylbenzyl ammonium chloride instilled into the eyes of
human subjects produced burning and stinging reac-
tions, whereas a 1:5000 dilution (200 ppm) produced no
unpleasant sensations. Whitehill (1945) determined that
the maximum nonirritating concentrations of alkyldi-
methylbenzyl ammonium chloride and cetylpyridimium
chloride in the eyes of rabbits were 1:3000 (333 ppm)
and 1:2000 (500 ppm), respectively. Fi and

over a 6-month period, for guinea pigs administered 25,
12.5, or 5 mg/kg of the aforementioned quaternary am-
monium compounds daily for a 1-year period, and for
rats similarly treated daily over a 2-year period. Finnegan
and Dienna (1954) d rated that a ion of
2500 ppm of alkyltolylmethyltrimethyl ammonium chlo-
ride or diisobutylphenoxyethoxyethyldimethyl benzyl

ium chloride in the diet of rats produced minimal

Dienna (1954) observed comparable irritation levels for
diisobutylphenoxyethoxyethyldimethyl benzyl ammo-
nium chloride and for alkyltolymethyltrimethyl ammo-
nium chloride (Shelanski, unpublished); in Shelanski’s
investigation of laurylisoquinolinium bromide, he ob-
served that the compound at 0.5% produced moderate
to severe corneal involvement of the rabbit eye, which
cleared up in 5 days. However, rabbit eyes similarly
posed and washed at 2 or 4 ds after instillation
produced only a slight conjunctival involvement, whicl
cleared up after 2 days. A most important toxicologi

deleterious toxicologic effects over a 2-year period,
whereas a concentration of 1000 ppm produced no un-
desirable toxicologic effects over the same period.

The concern of the Food and Drug Administration
over the unsafe adul ion of food, especially of milk,
with residues from quaternary sanitizers led to label
statements for these products requiring a potable water
rinse following the quaternary compound sanitization
and reuse of the food equipment. Recently, a careful
scrutiny by the FDA of additional chronic feeding studies

3

pplied by facturers of quaternary ammonium

consideration arising from the widely d ap-

ds has luded that the food additive regu-

plication area of sanitizing food contact surfaces is the
cumulative effect in animals and man of the ingestion of
food contacted by the small residues of the quaterna
sanitizer. The lab y study simulating this situati
is the daily oral administration of quaternary ammonium
compound in the food or drinking water of test animals
over a considerable period of time, including the normal
life span of the animal. Such studies were made early by
Nelson and Lyster (1946), who determined that myristal
picolinium chloride at 0.1% in the diet of rats did not
interfere with their normal growth rate, but this con-
centration produced death when administered as a sole
source of fluid and required reduction to 0.05% to permit
a normal growth rate of the test animal.

Fitzhugh and Nelson (1948) summarized the results of
a 2-year chronic feeding study of rats on a diet containing
0.5, 0.25, 0.125, or 0.063% alkyldimethylbenzyl chlo-
ride; they found that all the quaternary compound con-
centrations were toxic to rats, as evidenced by lower
growth rates over an untreated control group and as
determined by the histopathologic lesions present in the
treated animals. Alfredson et al. (1951), however, using
asignificantly larger number of experimental animals and
a more randomized statistical design, d rated that

lations should be amended to provide for the safe use of
4 sanitizt liition; on P ing equip and
utensils and on food contact surfaces in bars and restau-
rants if the solution does not exceed 200 ppm of qua-
ternary compound and if the quaternary compound so-
lution contains equal amounts of n-alkyl [C,;—C,e]
benzyldimethyl ammonium chloride and n-alkyl
[C\~C\.Jdimethylethylbenzyl ammonium chloride hav-
ing an average molecular weight of 384. In this instance,
safe use does not require a potable water rinse of treated
food contact surfaces and equipment prior to reuse (Fed-
eral Register, 1969).

A short time later, the same statement was made for
an agq luti ining n-alkyl [C,,C,s] benzyl-
dimethyl ammonium chloride having an average molec-
ular weight of between 351 and 380 and consisting prin-
cipally of alkyl groups with 12 to 16 carbon atoms with
or without, but not over, 1% each of groups with 8 and
10 carbon atoms (Federal Register, 1969).

Most recently, the same statement was made for
detergent-sanitizer solution ining the first sanitizing
product described as a mixture of benzyl and ethylbenzyl
quaternary d \Lvith the optional adjuvant sub-

. R ple

tetrasodi e

alkyldimethylbenzyl ammonium chloride at 0.25% in the
diet of rats over a 2-year feeding period did not demon-
strably affect the growth, food consumption, blood pic-
ture, or histopathology of the treated animals. Dogs that
were fed over a 15-week period a diet ining 0.12%

thy T or

a(p-nonylphenyl)-w-hydroxypoly(oxyethylene) (or both)

having an average poly(oxyethylene) content of 11 moles

(Federal Register, 1974). Gleason (1969) points out that

at least 10 human fatalities implicating quaternary am-
£ . )

or less quaternary compound demonstrated similar non-
toxic effects. Shelanski (1949) noted a minimal toxicologic
effect, evidenced by weight loss, a depressed growth
rate, and an abnormal blood or histopathology, for dogs
that were allowed a 1:5000 aqueous dilution of either
alkyldimethylbenzyl ammonium chloride, alkenyl-

P are medically recorded as resulting
from alkyldimethylbenzyl chloride sol
of 10 or 15% that were introduced into the victims via
oral ingestion, intramuscular or intravenous administra-
tion, or intrauterine instillation. The reader is referred
to Gleason’s work for a complete description of the med-
ical and clinical symptoms of quaternary ammonium
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compound poisoning and also for the recommended
treatment, mcludmg first aid, for the same. One symp-
tom should be d: , the ingestion of con-
centrated sol leads to immediat burning pain in
the mouth, throat, and abdomen.

The toxicologic informahon presented is generalized
as follows: quaternary d germicid,
as concentrated solutions of 10% or more are toxic, caus-
ing death if taken mtemally and severe irritation to the
skin and when applied externally.
With normal | precautions and openlmg procedures, the
probability of such is
the effective use-dilutions of these materials are well
below the d level death and severe
injury. In addition, oral ingestion, the most likely route
of accidental internal administration, is self-limiting for
concentrated quaternary ammonium solutions, because
the immediate burning in the mouth and throat acts as
a signal. At the dilute solutions of the use levels of qua-
ternary ammonium compound germicides, which range
from several to about 1000 ppm, only the most deliberate
distortions of normal operating procedures could offer
acute toxicity probl Finally, ic toxicity, as from
the mmuhhve effect of food adulterated with quaternary

d germicides via resi from di-
lute sanitizing solutions used on food processing equip-
ment, is not a problem.

A (1982) studied the ic effects of quater-
nary i pounds (QAC), b thonium chlo-
ride, and benzalkoni
skin disinfectior

chlonde, tly used for
ion. The di QACs, at
tions of 0.1% in water solution or in 70% alcohol, were
introduced into the tympanic cavity (middle ear) of
guinea pigs for exposure times of 10, 30, or 60 minutes.
The animals were sacrificed 2 or 9 weeks after the ex-
posure, and the organ of Corti and vestibular neuro-
epithelia were studied as surface preparations with phase
contrast microscopy. lt was found that most of the ears
d to the disi ts had suffered damage, af-
fectmg both the vestibulum and the perilymphatic and
endolymplnuc spwes of the cochlea of the inner ear. The
extent of the d lated both to the duration of
exposure and to the length of the animal’s survival after
the exposure. Furthermore it was found that the tym-
panic cavity and the perily phatic c spaces of vestibul
and cochlea were p
The final report on the safety assessment of benze-
thonium chloride and methylbenzethonium chloride has
been issued by CTFA (1985) in the journal of the Amer-
ican College of Toxicology. It was luded that both
compounds are safe at concentrations of 0.5% in cos-
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APPLICATIONS

Followmg Domagk s publimhon in 1935 a large num-
r of areas were loped for the quater-
nary ammonium compounds. Initially, they were used
as an adjunct to surgery, such as in preoperative patient
skin treatment degerming the hands of the surgical team

and disinfection of surgical instruments.
Wetzel m 1935 described the superiority of 0.1% alk-
chloride over 60% alcohol

for treatment of the surgeon’s hands prior to surgery.
Much additional evidence was provided for the treat-
ment of the surgeon’s hands with alkyldimethylbenzyl
ammonium chloride by Caesar in 1935, Walter in 1938,
Naegel in 1940, and Swan et al. in 1949. In 1938, both
Walter and White et al. reported that the use of alkyl-
dimethylbenzyl ammonium chloride as a skin prepara-
tion for a patient prior to surgery reduced the incidence
of wound infection. Hagan et al., in 1946, compared the
activity of cetylpyridinium chloride and alkydrmethyl-
benzyl chloride to ials as skin prep-
aration prior to surgery and found the quaternary com-
pounds superior. However, Miller et al., in 1943, offered
evidence that quaternary eompounds apphed to the skin
formed a idual sheet, b th which bac-
teria survived.

Rahn (1946) proposed that the film is formed as an
oriented adsorption of the quaternary compound on an
organophilic surface, with the nontoxic ends du'ected
toward the skin and the ger Jally active ends di:
toward the outside, which explained the fz ble results
obtained for quaternary pounds in many studi
Blank and Coolidge, in 1950, rejected the film pt

and p d i d that tr with the quaternary
compounds altered the charge of the skin to positive,
which attracted and held the negatively charged bacteria,
leading to the favorable, if i results obtained
in basm tests l:mth quaternary compounds. In the same

1 m ‘ h \ TR P
on thesurfaceoftheshn inhibited the antimicrobial
activity of the quaternary compound.

These negative comments and the widespread popular
use of hexachl based products should have se-
riously curtailed the use of quaternary compounds as skin
degerming agents. Thus it is interesting to note that King
and Zimmerman, in 1965, reporting on skin degerming
practices in hospitals, did determine that 37% of hospitals
were using quaternary compounds, compared to the 48%
observed by Price in 1948, Walter, in 1965, described a
hand degerming treatment for the surgeon as a mechan-
kzl soap }mnd scruhblng follawed by applk:atron of a

metics applied to the skin. A i of i chlorlde " and cetyl alcohol. Verdon. in 1961
0.02% is safe for cosmetics used in the eye area. Chronic tested a number of skin degerming agents used in British
and subchroni dicated little or no toxic hospitals and demonstrated the utility of quaternary com-
effects for both ingredients. In clinical studies, benze- pounds.

thonium chloride produced mild skin irritation at 5% but
not at lower trati Neither ir ient is con-
sidered to be a sensitizer.

Caesar and Schmidt in 1935 and Walter in 1938 rec-
ommended the use of nlkyldimethylbenzyl ammonium
chloride for the disinfection of surgical instr ts, Cae-
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sar speclfymg a 1:100 concentration of quaternary com-
pound for a 10-minute contact period and Walter a 1:1000
concentration over a 30-minute contact period. Hornung
(1935) recommended the addition of sodium carbonate
to the quaternary solution to prevent rusting of the in-
struments; Post (1946) later proposed sodium nitrite for
this purpose. The early investigators, with some few ex-
ceptions, did indeed subscribe to the idea of a total spec-
trum of germicidal activity for the quaternary comp

and Petrocci, 1980). Publications (Kundsin and Walter,
1961; Lenhart et al., 1961) of both in-vitro laboratory
tests and of field tests under actual conditions attest to
the uhlxty of these pmducts Trea!ment of large areas of
nvir tal surface is d by a mop
bucket op y hanical flooding an
pick-up, by sponge or cloth hand-wipe operahon. and
by I|qu1d spray. As an additional treatment procedure for
ion of surfaces, there is available liquefied gas,

and thus endorsed them as surgical instrument steriliz-
ers. Early exceptions were Zeissler and Gunther (1939),
who pointed out that Zephirol would not kill spores from
the soil.

Sommenneyer and Frobisher, in. 1952, using glass

rods i d with sp g tubercle bacilli
to simul inated ther t demonstrated
that 1 of alkyldimethylb

nium chloride and oetylpyndlmum chloride at 1: 1000
dilution did not kill the organism after a 10-minute con-
tact period, whereas tinctures of the same compounds
(50% alcoholic) did in fact kill the organism. The sub-
sequent use of specific quaternary compound neutral-
izers as a requisite for testing has prevented additional
instances of residual bacteriostasis that were interpreted
as bactericidal activity, as in the case of tuberculocidal
and sporicidal testing.

The inability of quaternary compounds to kill the tu-
bercle bacillus or bacterial spores should seriously limit
their use as surgical instrument sterilizers in the future.
However, in some few special cases, they are still rec-

ded for the disinfection of c ble devices
(Kasper and Kirk, 1972).
The widespread use of quatemnry jum com-

quaternary d germicidal formula-
tion discharges from pressunzed containers as an aerosol
spray that, according to Fulton et al. (1948), killed both
Escherichia coli and Staphylococcus aureus as air-borne
suspensions and surface contaminations. The patent is-
sued to Taylor and Prindle (1966) is an instance of popular
and widely used surface disinfé and space deod:
aerosol spray composition.

Recently, treatment of surfaces is reported via a mist
of quaternary ammonium compound germicide gener-
ated from commerecial fogging devices that produce drop-
lets of approximately 50 wm in diameter by the shearing
action of air pressure on the liquid germicide solution.
This procedure is suggested as an adjunct for terminal
disinfection of hospital areas. The germicidal results ob-
tained with 0.2% active aqueous solution of a 50:50 mix-
ture of alkyldimethylb ium chloride and alk-

yldimethylethylbenzyl chloride in field tests
and in simulated in- use tests are described by Friedman
et al. (1968) and Hauser et al. (1963).

Treatment of food contact surfaces, i.e., those found
on equipment in the food processing industries and on
food and beverage utensils in eating and drinking estab-
lishments, in order to obtain sanitary mndltions that will

pounds for envir fection of floors, walls,
and equipment surfaces in hospitals, nursing homes,
public places, and gymnasia required the development
of a detergent compatible with the quaternary com-
pounds that would permit the combination of the two

of cl and disinfection. Rahn and Esel-
tine (1947) pointed out the utility of such a system and
indicated work in progress as described by Guiteras and
Shapiro (1946), who combined cetyldimethylethyl am-
monium bromide with the nonionic wetting agent alk-
ylated aryl polyether alcohol and inorganic salts. The
formulation prepared by Guiteras and Shapiro diluted

tr of di hrough the food, is de-
ﬁned as a sanitizing treatment or as sannauon of such
surfaces. Practicable sanitizing requires that any treat-
ment residual will not in itself be harmful; it does not
require a destruction of all the bacteria present on the
treated surface. The utility of quaternary ammonium
compounds in sanitizing such surfaces was suggested by
Krog and Marshall (1940), who experimentally contam-
inated the rims of glass drinking tumblers, allowed them
to air dry, and treated them with a 1:5000 aqueous di-
lution of alkyld 1 chloride for
various contact penods before swabbing and plating pro-

as 1 oz/gal aqueous solution cleaned glass slides cont:
inated with heavy artificial soil inoculated with bacteria.
When the contact period of the slide and diluted for-

lation was extended to 10 all the bacteria
on the soiled slides were killed, as demonstrated by neg-
ative broth subcultures of the slides and by zero-count
agar plates prepared from the broth subcultures.

were employ to te the viable bacteria

; this d d a reduction to less than 100
bacteria per rim after only a 1 minute contact period.
Two years later they reported that the use of alkyldi-
methylbenzyl ammonium chloride at a 1:6000 dilution
in a dairy pasteurizing plant caused a 60 to 98% reduction
of the bnclena count on the milk handling and processing
I t (Krog and Marshall, 1942). Frayer (1943),

The concept of a one-step operation to pi clean-
ing and antimicrobial activity, which made the treatment
of large surface areas practical, met with success and
furthered research to the present time toward the de-
velopment of quaternary nonionic formulations with op-
timum cleaning and antimicrobial properties (Greene

Mueller et al. (1946), DuBois and Dibblee (1946), Puhle
(1950, and Speck and Lucas (1957) are several of the
many investigators who determined the utility of qua-
ternary i ds as germicides for the
dairy farm and dairy plant Similar reports to demon-
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strate the advantage of quaternary compounds as ger-
micides in other processing industries have ap-
peared, such as those of Penniston and Hedrick (1945)
in the egg processing industry, Tressler (1947) in the
fishing industry, Lehn and Vignolo (1946) and Resuggan

QUATERNARY AMMONIUM ANTIMICROBIAL COMPOUNDS = 249

several different quaternary ammonium compounds did

effectively inhibit the growth of various algae species.

Antonides and Tanner (1961) recommended a formula-

tion containing trimethylalkyl ammonium compound at

4.5 ppm as a swimming-pool algicide and bactericide.
d that alkyldimethyli

(1951) in d?e brewing industry, and Casey (1972) in the Shay et al. (1964) d y

sugar refining industry. propylbenzyl ammonium chloride at 7 ppm killed both
The treatment of large of water to destroy Escherichia coli and Strep faecalis ata 30- d

and prevent the proliferation of di producing mi- time by the AOAC test method prescribed for

croorganisms, of industrial p interfering mi rimming pool bactericides.

ganisms, and finally of noxious, esthetically undesirabl The positively charged functional portion of the qua-

microorganisms is an important application area of the lecule is attracted to and substantive to neg-

quatel:falr:y ammTaiu':n compounds. The destruction of
cysts ntamoeba histolytica was reported by Fair et
al. (1945) and by Kessel and Moore (1946). l?yessel and
Moore offered their opinion that quaternary ammonium
compounds should be considered for the emergency ster-
ilization of drinking water; this opinion was based on the
high germicidal levels observed. Sotier and Ward (1947)
observed that a product containing 0.5% of Hyamine
1622 was an effective disinfectant of new water mains
and of hemp used to prepare joints on the mains. Qua-
ternary ammonium compounds have been recom-

ded for treating p water in paper mills (Erskine
et al., 1958; Shema, 1966) to prevent the proliferation
of microorganisms on the surface of equipment contact-
ing the pulp solution. These proliferations form microbial
slimes that become detached and are carried along to
become spots in the paper, often causing paper breaks
during the manufacturing process that result in expen-
sive, time-delaying machine shutdowns. Quaternary
compounds are used in cooling water systems (Darragh
and Stayner, 1954; Berneschot et al., 1964) to prevent
proliferation of bacteria in the circulating cooling water
system that would form microbial slimes that may reach
the heat exchange units and impair their operational ef-
ficiency. Prusick and Gregory (1956) recommended the
use of dicocodimethyl ium chloride to prevent
proliferation of bacteria in injection water or brine used
in secondary oil recovery operations. The injection water
is pumped under pressure into injection wells ldrille:i

ternary
atively charged fabric; it may be applied to the fabric
from a quaternary solution by rinsing, padding, or spray-
ing. Taking advantage of this ph B et
al. (1947, 1949) proposed that diapers be treated with
[methylbenzethonium chloride]p-diisobutylcresoxy-
+h y l(l.ly l,'L ,l 2 oﬂde mono-
hydrate in the final rinse of the laundry cycle. Treated
diapers would prevent the formation of ammonia from
urine by the action of ammonia-producing bacteria found
in the infant’s feces; thus, ammonia dermatitis leading
to diaper rash could be' prevented. Lawrence (1950)
pointed out the need to apply chemical treatment be-
tween the laundry loads of different customers using
public :o oloth hing hi

Although large commercial laundries could provide
sufficient volumes of hot water at disinfecting tempera-
tures, the small automatic installations could not. Law-
rence used alkyldimethylbenzyl chloride to
treat laundry in the final rinse cycle of automatic ma-
chines in a coin-operated self-service laundry. He de-
termined that there were high bacteria counts in the first
soak and wash cycle water, which following treatment
with the quaternary compound at 1:5000 (200 ppm) or
1:10,000 (100 ppm) dilution, were reduced to zero counts
in the deep rinse cycle.

McNeil and Choper (1962) treated naturally soiled
wash loads at the warm or hot water setting and in the
wash or rinse cycle with alkyldimethylbenzyl i
chloride to provide 200 ppm of active quaternary com-

} : iy

.

around the producing well, so that as it sp gh
the subterranean sand structures containing residual oil,
it will displace the residual oil in the direction of the
producing well and increase the productivity of the well.
If there is a proliferation of microorganisms in the in-
jection waters, the subterranean sand structures will be-
come plugged, requiring greater pressures to be applied
to the injection waters until the operation cannot func-
tion. Steinberger (1963) described the ability of N-alkyl
crude tar base quaternary ammonium compounds at 5
to 20 ppm to inhibit the proliferation of Desulfovibrio
desulfuricans, which with pseudomonas species are pri-
marily involved in plugging the sand formation.
Outdoor swimming pools are regularly treated with
quaternary ammonium compounds to prohibit growth of
algae, an esthetic rather than a public health problem.
Palmer and Maloney (1955) determined that 2 ppm of

pounds in the p of or laundry
detergent. Compared to untreated wash loads, the qua-
ternary compound used with the warm or hot water set-
ting i ly reduced the bers of bacteria in the
wash and rinse waters and on fabric swatches attached
to laundry items. This occurred with the quaternary com-
pound added to the rinse cycle, and to the wash cycle
when a nonionic detergent was used. Utilizing the AOAC
antimicrobial laundry additive test procedure (Petrocci
and Clarke, 1969), a simulated use test, Shay and Pe-
trocei (1968) demonstrated sanitization of fabric during
the laundry cycle following addition of a 50:50 mixture
of alkyldimethylbenzy! i chloride and
1Lwldi hulath ol 1

y y y ium chloride at a 200
ppm level based on the weight of dry laundry fabric. In
addition, fabric similarly treated and allowed to air dry
demonstrated residual bacteri activity against
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