
 

proper test method, the compounds may appear as good 
disinfectants (Mailman et al., 1946), or that the phenol 
coefficient test cannot be used to test quaternary am­
monium compounds (Sykes, 196.5), or that disinfection 
end points obtained via inoculated carrier tests require 
much larger amounts of compound over those observed 
from phenol coefficient testing (Mailman 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
terpretive and qualifying information is provided. Un• 
fortunately, a large amount of the experimental work of 
the middle 1930s, immediately following Domagk' s pub­
lication (1935), did indeed indicate a widespread spec­
trum of antimicrobial activity, including sporicidal and 
tuberculocidal activity at extremely low concentrations 
of quaternary ammonium compounds. There is little 
doubt that !pis 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 thatthe entire area 
of neutralization to prevent carryover stasis was inade­
quately dealt with at the time. A 6ml 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 oocurred utilized 
dilutiop of the carryover antimicrobial from the aliquot 
sample to the volume of subculture medium to obtain a 
less than static concentration of the antimicrobial in the 
subculture medium. 

More recently, the successful identification of discrete 
chemicals as specific quaternary ammonium compound 
neutraliz.ers, which. may be incorporated into subculture 
media or into diluents, h'!S made it mandatory that an­
timicrobial testing be performed only in the presence of 
such neutraliz.ers (Quisno et al., 1946). Consequently, 
the more recent experimental results with quaternary 
ammonium compounds cannot be discredited as static 
instead of destructive. The statement !hat the quaternary 
ammonium compounds may be made to look good by 
the proper test selection (Mailman et al .• 1946) may be 
applied to any antimicrobial chemical. 

Certainly, a manipulation of the various test param­
eters such as type and amount of soil, sele~tion 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 (Klarrnann 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-
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tire spectrum of modem disinfectant products, because 
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 (Klarmann, 1959; Ortenzio et al., 1961). If the 
in-use characterization of a disinfectant Is divorced from 
the phenol coefficient test, the method becomes 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, temperature, and vol­
umes of test solution and inoculum, may be applied with 
some minor reservations lo 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 
(Mailman 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 
mlcrqorganisms provide a more severe test than the liq­
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 lo measure bactericidal, sporicidal, tu­
berculocldal, and sanitizing activity (Official Methods, 
AOAC, 1984). 

Of special note are the efforts to determine the validity 
and accuracy of product-label statements and claims 
made by manufacturers of disinfectant products for sale 
in the United Stales. 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 
scrutiny of a product for antimicrobial efficacy and t(lx­
icologic and chemical 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 monitor future production obtained 
on a periodic inspection schedule. To facilitate the an­
timicrobial examination, a number of testing protocols 
are prescribed to examine specific antimicrobial activity 
(Greene and Petroccl, 1980). 

For those catalogued as f.OAC methods, the reader 
is referred to .the 1',OAC p\J.blications (Official Methods 
pf Analy~is of the AOAO, i984) for the purpose, scope, 
prei,ise metllods1 an<! application areas served by these 
tests. In addition to the AOAC methods, the Environ­
menial Protection Agency recommends methods to de­
termine tJie ,sanitizing activity on inanimate, nonfood 
co'ntact surfaces, the Initial and residual bactericidal and 
~rio~tatic 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 arid fungistatic activity on inanimate surfaces. This 
requfre mept 10 test products by specified protocols pro-
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vides a useful means to collect data that may be com• 
pared, aod so to more accurately characterize the aoli­
microbial activity of a substaoce. The recent installations 
of prescribed test methods by other agencies and in other 
counmes is a most salutary development to eliminate 
the confusing conclusions developed heretofore from 
maoy dilferent 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 minimum in­
hibitory level tests, usually as broth dtlution tests; (2) In 
vitro or killing dilution tests, with phenol coefficient as 
an example; (3) Simulated use-dilution tests, including 
inoculated carriers o£ representative surfaces such as 
stainless steel, unglazed poroelain, and fabric; and (4) In• 
use tests, which use the product in the actual environ­
ment (Greene and Petrocci, 1980). The results o£ such 
testing with quaternary ammonium compounds may be 
summarized as follows: the active quaternary ammonium 
compounds sold as items o£ commeroe are algistatic, bac­
terioslatic, tuberculostatic, sporostatic, and fungistatic at 
low concentration levels o£ 0.5 to 5 ppm (Hueck et al ., 
1966; Freelander, HMO; Schneider, 19:15); they are al­
gicidal, bactericidal, 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• 

ricidal or vlrucidal against hydrophtlic viruses at high 
concentration levels (Klein and Deforest, 1963; Smith et 
al. , 1950; Davies, 1949). They are bactericidal to both 
gram-positive and gram-negative bacteria, with some ev­
idence for greater activity against the gram-positive bac­
teria (Quisno and Foter, 1946). In this regard, ii should 
be remembered that the gram-negative bacteria as a 
group, and especially the pseudomonas species, are more 
resistant to all the antimicrobial compounds currently 
available. 

The quaternary ammonium compounds are bacteri• 
cidal agents in acid and alkaline environments, with some 
evidence for greater activity in the alkaline range (Cer­
shen£eld and Perlstein, 1941). The following descriptions 
of antimicrobial results are presented as representative 
data for quaternary ammonium compounds. They are 
comptled and prepared from the published scientific lit­
erature, from Onyx (Stepan) unpublished work, from 
brochures and data sheets supplied by the quaternary 
ammonium compound manufacturers, and from patents 
issued for quaternary ammonium compounds. It is im• 
portant to recognize the absence of bias in information , 
supplied by the manufacturers' literature that Is carefully 
scrutinized by the regulatory agencies in advance of the 
sale of the chemical. The bacteriostatic, fungistatic, and· 
algistatic activities of £atty nitrogen compounds, includ­
ing quaternary ammonium compounds, were described 

Table 1~14. lnhllritlng Conunlration, (In PPM) of Fatty Nitrogen Compound, Fo, Some Bacuna, Fungi, and Algae 
Bacteria 

G-N G-P 
£,cherichio 

,_ 
Bacillw Stapl,,,lococ,,u 

C:0..,0.od ,oil /ft,or.l«M 111btilu ....... 
Bem,etl,o,uum ehloride l ,000 300 3 3 
Beaz:a1kOOiUDI chloride 2llO 300 3 
Dodeq,ltrirn<thyl ammonium chloride 500 500 5 
Dodocylbmzyldimethyl ammonium chJoride 750 750 2 
Cooobenzyldimetyl ammonium chloride 225 225 2 
Dldocyldimethyl .. mon1um chloride 225 750 0.7 

fungi 

"~'" c...,.,...i """ C. globo.sum M. uerrucorla T. t>lrida, 
Benzethonium chloride 300 30 300 2llO 
Benzalkoniwn chloride 60 10 ,j() 80 
Dodecyttrimethyl ammonium chloride 500 50 500 500 
Dodocylbenzyldlmethyl ammonium chloride 75 7 150 75 
C.ocobenzyklimethyl ammonium chloride 20 7 20 20 
Oidecyldimetbyl ammonium chloride 75 20 20 

Alcae 
SU,1oclOJ&lum 

Compound Ch. oul1•"' - A. q,Hndnco 01. tnuU 
Benzethooium chloride 3 I I 
Benwkonlum chloride I 0.7 0.6 
Dodccyltrimethyl ammonium chloride 50 5 0.5 Oodocylbenzyldimethyl ammonium chloride 0.2 0.2 0.2 0.2 CocobenzyldJmethyl ammonium chloride 2 0.5 2 0.7 Dtdecyldimethy) ammonium chloride 2 0.7 0.2 0.7 
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by, Hueck et al. (~966); data selected therefrom for the 
quatema,ry ammonium compounds are 11resented in 
Table 13-14. The killing dilutions for some chemically 
cllJrerent, commercially available quaternary ammonium 
co~pounds after a 10-minute contact 'perioc/ ai 20°C by 

' the phenol coefficient method against the recommended' 
test organisms StaP,hylococcw aurw., -and SalmoMlla 
typlw&a are compiled from the m,;,.ufaclurers' brochures 
(e.g., Brochur!': Hyamirie, Bt~!Jure:' Roccal , BTC 
212SM BTC, Brocbure: ilanlac} as Table ,13-15. 

These are at high djlution·s ;,gai~st -both .organisms, 
and they are at signmc&!ltly·dilferent ililutions depending 
on the specili_c chemk:81 s.!f1!cture of the quaternary com­
~nd. The !frect of the size of the quaternary molecule 
on the antimicrobial activity of a homologous series of 
alkyldimethylbef!ZYI ammonium chlorides is well docu­
mented by Cutler et al. (1966)_, They demonstrated a 
maximum ac:.tlvity as· the highest IO-minute killing di­
lutjon wmst S0tap~ au,..,. and SalmoMlla ty­
P"°"! and P1l:udtnnonas aerugino,a lQr the c;, member 
cotnpoupd tested. Their results are shown in Table 13-3. 
Additional: e~ for the structure and antimicrobial' 
activity relationslJip is offered l;,y the_wi>rl< of Petroc,;i e.t 
·al. (1!174),:who evaluat~.the interferenre of hard water 
with the' sanitizing activity against 'F.,t lterichla coli of a. 
group of; ~i•l~yldilnethyl ·amni'onh1m cliloride cotri• . 
pounds 'of y~g·long~9:in lengths: .This ®,mpa/ison · 
. of the hard-wa\er. tolerances, which :ire defined' as· the 
maxiinu'° concentrations Qf ·syntlietic hard water (as 
CaCQ,), ii\ which 20,0 ppm of active· quaternary com­
pou"nd \\'Ill continue to· effectively sanitize (a~ 99.~ 

·reductioni a , suspension of ucherlchla coli after a 30-
..,.;.,;,i co11t;ict period, are displayed in Table 13-16. 

Q.!isno' s work wilh cetyl pyridinlum chloride (Quisno 
an~-Fote~," 1946) jll.urtraies several characteristics of qua­
ternary ammonium compounds, such as the greater ac­
tivity for gram-positive bacteria over gram-negative bac­
teria (Tabl_c J~l 7); and the positive effect of temperature 

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

Lawrence (Ul50) described the effect of pH on the 
antibacterial activity of an alkyldimethylbenzyl ammo­
nium chloride at 5-, 10-, and 15-minute contact periods 
against Staphylococcw aur ..... A portion of these data 
is available as Table 13-19. Over many years, Petrocci 
has examined the fungicidal activity of many quaternary 
structures against T. lnterdigitale (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 6eld. 

TOXICOLOGY 

On March 4, 1987, the EPA issued a Data Call-In 
Notice requiring all re~strants of antimicrobial active 
Ingredients to submit sulichronic and chronic toxicologjc 
data lo support the continued registration of their prod­
bcts. The EPA will permit registrants to select among 
seyeral options for ways to comply with the data require­
J)'leDts of this notice. The EPA has concluded that it 

. sl\ould 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 fint-lil,r 1tudie1: 
l. 90-days dermal 
2.. 90-days inhalation 
3. Teratogenicity 1st 
4. Mutagenicity 

B. The second-tier ,tudles: 
l. Subchronic feeding 

Table 1~15. /9UJii1 Dllutjoru of CommercialJy AvaUablt Quaternary Ammonium Gtnnicidu for 10-Minut, Conl4ct Period, 
at WC from Phtno/ C~nll in Manufactun,r,' Brochum 

D;-bobutylpheno,yetho,,y•!h~I dime!"Y,1 ,i?Cn,y,I ammonium chloride 
- Methyldodecylbenzyl trimethyl an,l""";um diloride, 109, methyl-dodecyl,ylylene bis 

(trimethyl amJAODium chloride) 
N-allcyl (5"1C14, 4&1Cg, 109,C.J dimethyl benzyl ammonium dilorkles 
Benzyldimethyltetradecyl ammonium chloride 
N-allcyl (60M;11, 3&1.C11o 5'l,C11, 511,C.) dimethylbenzyl ammonium chkwides 
259' N-alkyl (68<A,C11, 32'M: .. ) dimcthylethylbeniyl ainmooium chlorides 
N-alkyl (9811,CLL 2&:l>C1J dimethyl 1-naphthylmethyl ammonium chioricks 
N-alkyl {~, .. 3&.M:14 , 17~ • • 3',t,C..) isoquinolinlum bromides 
Octyldodecyldimcthyl ammonium chlorides 
Alkyl (:socl>C,., 40':IC,1, 10-11C.) dimcthylbeniyl ammonium sattharinales 
Oidecyldimethyl ammonium chlorides: 

ICII/Jng Odorion, "'· 

IJ2.5,000 1125,000 

1124,000 1/22,500 

11~.000 1,~.000 

1/42,800 1/67,500 

1/44,000 1/39,600 

l/5S,500 I/S'-300 

IJ60,000 l/S8,500 

1/38,000 1/4-0,000 

1/61,800 l/S7,500 

1/43,500 1/4-0,500 

1/63,000 ll!M,000 
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Table 13-16. Hord Wour To/eronc,1 (PPM CoCO,) of Diol/cyldlmfthyl Quat,mary Ammonium Compound, wUh Long-Corban 
Chain, (R , + R,) that Total 19 to 22 Carbon, 

Total. 
Carbon, 

(R,+ RJ- Hord. Wakr Tolmance (ppm CaCOJ 

19 700 800 500 115() 

20 500 900 1200 1<100 1100 
21 300 100 900 1300 1300 
22 400 115() 750 900 800 MO R, cubon 

6 7 8 10 II length 

•R. carbon chain length obtained by subtracting R1 carbon chain length from the R1 + Rt tol&I carbon chain lenct}t. 

Table 13-17. C.rnucldol Activity ofC,tyl Pyridinlum 
Chloride Aqueous Solution 

No. 
Strains 

Q,pnl,m Tm,d 

SIOJ>lat,/«oc<w ourew 
s~.u-s,,..,,,_ ,xridon, 1 
s,,..,,,_ !t,n,o/yt;cu, 2 
N.....,._cotatrloo/i, 2 

Dip/«cc<u, - I ,-. .. ""' .... 
/(Je/,,t,/lo­
Co,yn,b,,curi,nn drpl,t/wria, 
ll""""""'rifnnplt/,n 
£bmh,lloti,p/o... 
£,d,encltlocoll 

, ...... """""' Sloig,llo~ 
Sloig,llo porodylffll,..... 

(Flan,r} 
Sloig,llo porody,..terlae 

/Hlu) 
Sloig,llo,onne 

2. Teratogenicity 2nd 
3. Dermal absorption 
4. 90-days neurotoxicity 

C. The third.tu,r studu,s: 

A"'n1C•Cntw;o!Kll/ing 
Dilution In Ttm11 of 

Ac&< lngredienu at 37°C 

No,e,w'" 

1,83,000 
1,73,000 
1'42.500 
1'127.500 
1'84,000 
1,95,000 
1,5.800 
1,49,000 
1,64,000 
U ,500 
1,48,000 
1,66.000 
1,34,000 
1,60,000 
1,52,000 

1'49,000 

1,68,000 

l. Chronic feeding, two species 
2. Oncogenicity, two species 
3. Reproduction 
4. Metabolism to clarify issues concerning structure 

activity relationships 

On February 26, 1988, the EPA clustered the quater· 

nary ammonium compounds into four groups, so that the 
toxicity study would be facilitated by selecting one mem· 
ber &om each group for testing. 

Group I: The straight-chain alkyl or hydroxyalkyl qua· 
ternaries; the most common product in this group is the 
twin chain quats. The EPA will allow a full set of sub. 
chronic and chronic toxicity studies on didecyldimethyl 
ammonium chloride and teratology studies on alkyltri• 
methyl ammonium chloride. 

Group ll: The nonhalogenated substituted benzyl and 
allcyldimethylbenzyl ammonium compounds (ADBAC); 
namely benzalkonium chlorides. The EPA will allow a 
full set of subchronic and chronic studies on alkyl[C..-
40%, C,,-5()'11,, C,.-10%) dimethylbenzyl ammonium 
chloride. The EPA notes that after evaluating the data 
it expects to receive on the Croup I and II compounds, 
it may also require one or more studies on alkyl[C..-
68%, C,.-32% )dimethylethylbenzyl ammonium chlo. 
ride, to determine whether the Croup I and ADBAC 
data is representative of the toxicity of the ethylbenzyl 
quats. 

Group 111 : The alkyl(di• and tri• chloroben• 
zyl)dimethyl ammonium compounds. The EPA will allow 
a full set of subchronic and chronic studies on alkyl(C,.-
5%, C,.-90%, C,,--5%) dimethyl 3,-t.dichlorobenzyl 
ammonium chloride. 

Group IV: The heterocyclic ammonium compounds 
with unusual substituents. In this group the EPA was 
unable to reach a conclusion in testing a small subset of 
quats. Each chemical in this category must be tested 
separately, unless registrants can develop a testing 
scheme using representative compounds that Is accept• 
able to the EPA. Representative compounds in Group 
IV are (a) alkyl(C,,'C,.J substituted Picolinium com• 
pounds; (b) allcyl[CJC,.) imidazolinium compounds; (c) 
allcyl[C,/C,.] N--ethyl•morpholinlum compounds; and (d) 

Table 13-18, Effect of Temperature and S,n,m Upon Gerrnlcid,,J Activity of Cetyl l'yndinlum Chloride 

Org:onlnns 

Staphylococcu• au,.-eu, 

EbenheU. tv,,hoeo 

No Strom 

LII0,000 

1'83,500 

Critw;ol Klllln, Dilution, Exp,...,./ In Tenn, of Actlu, ln,r,dient, 

37°C WC 

l!K\ Bocl,._ Serum No S,rum 

1'67,500 

1,62,1100 

Wt, Bovin, s,,,.m 
1,6,750 

U ,300 
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Table 13-19. Eff,cu of pH on the Anti,eptlc f.~ncy of a Quatm,ary Ammonlu"' Gmnlclde Again.ti Staphylococcus Aureus 

Quattmo,w AmmoniMm Acid or !,/loll 
Compourul COM', ,,., 100 ml 

1'15,000 o. 10 ml N/10 HCI 
1'15,000 0.25 ml N/10 HCI 
LIS,000 0.50 ml N/10 HCI 
Ll5,000 1.00 ml N/10 HCI 
Control (oo quatemary 1.00 ml N/10 HCl 

ammonium compound) 
1,25,000 0 
1,25,000 0.10 ,.1 N/10 N.OH 
1'25.000 0.25 ml N/10 N.OH 
1,25.000 0.50 ml N/10 NaOH 
1,25,000 1.00 ml N/10 NaOH 
1,25,000 1.25 ml N/10 NaOH 
Control (no quatenary 1.25 ml N/10 NaOH 

ammonium oompound) 1 

alkyl[C,,IC,.] isoquinolinium compounds and other het­
el'Ogeneous structures. 

A lcnowledge 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 compromised by contact with these chemicals as they 
are manufactured, shipped, compounded, or used. Al­
though these specific investigations are not germane, 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 simulating their use patterns are 
of primary importance. Toxicologic effect is measured at 
three levels: (1) at the amount necessary to bring about 
the response with 100% of the experimental animals, 
LD,.,; (2) at the amount that will cause the response with 
50'J, of the animals, LD,.; and (3) at the amount that 
does not produce the response with any or the animals, 
LD., The LD., level is most frequently used to char­
acterize toxicity. In addition, the methods of adminis­
tering the chemical are also identi6ed using descriptions 
such as oral, subcutaneous, intraperitoneal, intravenous, 

Table 13-20. Critical /(I/Jing Dilution ( 10-Mlnulr Contact 
Period) 11,qulrrd for AqueOtU Dlfutlonl of Qual<rna'l/ 
Compound, to IOU Spo,... ofTrichophyton lnterdigitalis; 
Dlfutlonl arr Baud on Anhlf(lrmu Grrmlclde 

c~s,rvcn,,., 
4K methyldodecyibeuzyltrimethyl ammonium 

chloride, I~ methyldodccyhylylene bu (lri­
methyl ammonium chloride) 

2K n-.ikyl (60\11,Cw, JOM:,. 9C., 5",C.) 
dimethylbcaiyl ammonium chloride, ~ n· 
•ll<YI (68"C., 32M:,J d;methylethylbenzyl 
ammonium chlorides 

Octyldodecyldimethyl ammonium bromide 

Didecyklimethyl ammonium chloride 

1/800 

1/5000 I 

vJ~ 11 
, I I 

Boct,nal G"""'h of/M 
Mlnul•• of Eq,onrY 

pH JO 15 

4.3 
3.8 
3.5 + + + 
3.2 + + + 
3.2 + + + 

6.7 + + + 
9.4 + + + 

10.0 + + 
10.2 + + 
10.5 + 
10.6 + 
10.6 + + + 

and dermal. Also, the toxicity is determined as an acute 
response following a single administration of the chem­
ical, as a short-term or lubacute response following a 
multiple, periodic administration of the chemical over a 
short period 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,o amounts of quaternary ammonium compound de­
pend on the route of administration. A notable example 
of this is the work of Nelson and Lyster (1946), who 
examined myristal picollnium chloride and reported ~ 
LD., of 250 mg/leg by oral administration, 200 mg/leg for 
subcutaneous injection, 7.5 mg/leg for intraperitoneal in­
jection, and 30 mg/leg for intravenous injection. Using 
the acute oral LD.,, 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 LD,. values 
in white rats of 4-45 mg/leg for alkyldimethylbenzyl am­
monium chloride, 500 mgllcg for alkenyldimetbyletbyl 
ammonium bromide, 730 mg/leg for alkyldimetbyl 3,4-
dicblorobenzyl ammonium chloride, 420 mg/leg for di­
isobutylphenoxyethoxyethyldimethylbenzyl ammonium 
chloride, and 389 mg/leg for alkyltolymethyltrimethyl 
ammonium chloride. These and similar data obtained 
from studies with man and laboratory animals have led 
to the generalized conclusion that the antimicrobial qua­
ternary ammonium oompounds examined to date exhibit 
similar toxioologic and pharmaco!ogic properties. 

Dermal toxicity~ also e~amlned by Shelansld (1949) 
and Finnegan and D~nna (1954), who concluded from 
animal an4 human testing that 0.1 'll, was the maximum 
COI1f"1'1raUo'I of the aforementioned compounds that 
,yould not produce p[imary irritation on intact skin or 
ac as a sensitizer. The conjunctiva! mucous membrane 
obvjously requires special consideration, which was un­
d~en b~ ~ number of Investigators. Nelson and Lyster 
(1946) o~served that a 1,3000 (333 ppm) solution of myr-
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istal picolinium chloride produced a slight irritation of 
the conjunctiva( mucosa of rdbbits. Walter (1938) re­
ported that a 1: 1000 dilution (1000 ppm) of alkyldimeth­
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. Finnegan and 
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 
exposed and washed at 2 or 4 seconds after instillation 
produced only a slight conjunctiva( involvement, which 
cleared up after 2 days. A most important toxicologic 
consideration arising from the widely encountered ap­
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 quaternary 
sanitizer. The laboratory study simulating this situation 
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 ffuid 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 lo 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 
a significantly larger number of experimental animals and 
a more randomized statistical design, demonstrated that 
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 containing 0.12% 
or less quaternary compound demonstrated similar non­
toxic effects . Shelanski (1949) noted a minimal toxlcologic 
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, alkcnyl-

dimethylethyl ammonium bromide, laurylisoquino­
linium bromide, or alkyldimethyl 3,4-dichlorobenzyl 
ammonium chloride as their sole source of drinking water 
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 I-year period, and for 
rats similarly treated daily over a 2-year period. Finnegan 
and Dienna (1954) demonstrated that a concentration of 
2500 ppm of alkyltolylmethyltrimethyl ammonium chlo­
ride or diisobutylphenoxyethoxyethyldimethyl benzyl 
ammonium chloride In the diet of rats produced minimal 
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 com:ern of the Food and Drug Administration 
over the unsafe adulteration 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 feedin_g ~tudies 
supplied by manufacturers of quaternary ammonium 
compounds has concluded that the food additive regu­
lations should be amended to provide for the safe use of 
a sanitizing solution on food processing eqtiipmen·t 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 soc 
lution contains equal amounts of n-alkyl [C11-C11] 

benzyldimethyl ammonium chloride arid n-alkyl 
[C,,-C,.]dimethylethylbenzyl ammonium chloride hav­
ing an average molecular weight of 384. In this instance, 
safe use does not require a pqll\ble 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 aqueous solution containing n-alkyl [C12C11] 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 a 
detergent-sanitizer solution containing the first sanitizing 
product described as a mixture ofbenzyl and ethylbenzyl 
quaternary compounds, with the optional adjuvant sub­
stances tetrasodium etbylenediaminetetraacetate 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 
al least 10 human fatalities implicating quaternary am­
monium compounds are medically recorded as resulting 
from alkyldimethylbenzyl ammonium chloride solutions 
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 
treabnent, including first aid, for the same. One symp• 
tom should be mentioned: namely, the ingestion of con• 
centrated solution leads to immediate burning pain in 
the mouth, throat, and abdomen. 

The toxicologic information presented is generalized 
as follows: quaternary ammonium compound germicides 
as concentrated solutions of 10% or more are toxic, caus­
ing death if taken internally and severe irritation to the 
skin and conjunctival mucosa when applied externally. 
With normal precautions and operating procedures, the 
probability nf such contact is extremely remote, beaiuse 
the elfective use-dilutions of these materials are well 
below the concentrated level causing 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 problems. Finally, chronic toxicity, as from 
the cumulative effect of food adulterated with quaternary 
ammonium compound germicides via residues from di· 
lute sanitizing solutions used on food processing equip­
ment. is not a problem. 

Aursnes (1982) studied the ololoxic effects of quater­
nary ammonium compounds (QAC), benzethonium chlo­
ride, and benzalkonium chloride, frequently used for 
skin disinfection. The disinfectant QACs, at concentra• 
lions nf 0.1 'II, 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 microsoopy. It was found that most of the ears 
exposed to the disinfectants had suffered damage, af. 
feeling both the vestibulum and the perilymphatic and 
endolymphatic spaces of the cochlea of the inner ear The 
extent of the damage was related both lo 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 perilymphatic spaces of vestibulum 
and cochlea were pathologically changed. 

The final report on the safety assessment of benze­
thonium chloride and methylbenzethonium chloride has 
been issued by CTF A (1985) in the journal of the Amer; 
lean College of Toxicology. It was concluded that both 
compounds are safe at concentrations of 0.5% in cos­
metics applied to the skin. A maximum concentration of 
0. 02'11> is safe for cosmetics used in the eye area. Chronic 
and subchronic feeding studies indicated little or no toxic 
effects for both ingredients. In clinical studies, benze• 
thonium chloride produced mild skin irritation at 5'11> but 
not at lower concentrations. Neither ingredient is con­
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APPI.JICATIONS 

Following Domagk's publication in 193.5, a large num­
ber of application are~ were developed 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 
preoperatively, and disinfection of surgical instruments. 
Wetzel, in 193.5, described the superiority of 0 .1 % alk­
yldimethylbenzyl ammonium 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 193.5, 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• 
lion for a patient prior to surgery reduced the incidence 
of wound infection. Hagan et al., in 1946, compared the 
activity of cetylpyridioium chloride and alkydimethyl­
benzyl ammonium chloride to mercurials as skin prep­
aration prior to surgery and found the quaternary com­
pounds superior. However, Miller et al., in 1943, offered 
evidence that quaternary compounds applied to the skin 
formed a continuous residual sheet, beneath 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 directed 
toward the skin and the germicidally active ends directed 
toward the outside, which explained the favorable results 
obtained for quaternary compounds in many studies. 
Blank and Coolidge, in 1950, rejected the 6lm concept 
and proposed instead that treatment 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 inaccurate, results obtained 
in basin tests with quaternary compounds. In the Sjlllle 
publication, they speculated that phospholiplds present 
on the surface of the skin inhibited the antimicrobial 
activity of the quaternary compound. ' 

These negative comments and the widespread popular 
use of hexachlorophene-based products should have se­
riously curtailed the use of quaternary compound, as ,skin 
degerming agents. Thus it is interesting to, note thatJKing 
and Zimmerman, In 1965, reportirig on skin degerming 
practices in hospitals, did detef,'l'h:ib th.ft 37'11,lofhospitals 
were using quaternary compounds, compared to the 48% 
observed by Price in 19<!81 Walter, ,in 1965, described a 
hand degerming treatine')t fo i, !~e surgeop as a mechan­
ical soap hand scr11blii'1s/,followed by application of a 
mixfure of isopropyl '!Jcohol, lalkyldimethylbenzyl am­
monium chlori1e, ~~ ~ ,tyl !11cohol. Verdon, in 1961, 
tested a rufDl;ier of l i'lldi erming agents used in British 
~ospitals and de°'?~slta the utility of quaternary com• 
pounds. /1 'I /1 1 

1 
I c;: ,f"!· 11P~ 

1
,~[l1 dt in 1~ and Walter in 1938 rec-

sidered to be a sensitizer. 
om"l~n~M ,the use of alkyldimethylbenzyl ammonium 
C 'lortae fo the disinfection of surgical instruments, Cae• 
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sar specifying a 1: 100 concentration of quaternary com­
pound for a IO-minute contact period and Walter a 1: 1000 
concentration over a30-minute contact period. Hornung 
(1935) recommended the addition of sodium carbonate 
to the quaternary solution to prevent \'USting 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 compounds 
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. 

Sommermeyer and Frobisher, in 19.52, using glass 
rods inoculated with sputum containing tubercle bacilli 
to simulate contaminated thermometers, demonstrated 
that aqueous solutions of alkyldimethylbenzyl -ammo­
nium chloride and cetylpyridinium chloride at 1: 1000 
dilution did not kill the organism after a IO-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 
aod 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
ommended for the disinfection of comparable devices 
(Kasper and Kirk, 1972). 

The widespread use of quaternary ammonium com­
pounds for environmental disinfection of Boors, 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 
operations of cleaning and disinfe<.1ion. 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 
as 1 oz/gal aqueous solution cleaned glass slides contam­
inated with heavy artificial soil inoculated with bacteria. 
When the contact period of the slide and diluted for­
mulation was extended to 10 minutes, 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. 

The concept of a one-step operation lo produce clean­
ing and antimicrobial activity, which made the treatment 
of large surface areas practical, met with success and 
furthered research to the present lime toward the de­
velopment of quaternary nonionic formulations with op­
timum cleaning and antimicrobial 1lropcrties (Greene 

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 utility of these products. Treatment of large areas of 
environmental sunace is accomplished by a mop-and­
bucket operation, by mechanical ffooding and vacuum 
pick-up, by sponge or cloth hand-wipe operation, and 
by liquid spray. As an additional treatment procedure for 
disinfection of surfaces, there is available liquefied gas, 
quaternary ammonium compound germicidal formula­
tion discharges from pressurized containers as an aerosol 
spray that, according to Fulton et al. (1948), killed both 
Escherichia coll 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 disinfectant and space deodorant 
aerosol spray composition. 

Recently, treatment of surfaces is reported via a mist 
of quaternary ammonium compound germicide gener­
ated.from commercial fogging devices that produce drop­
lets of approximately 50 11-m 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 alkyldimethylbenzyl ammonium chloride and alk­
yldimethylethylbenzyl ammonium 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 conditions that will 
prevent transmission of disease through the food, is de-
6ned as a sanitizing treatment or as sanitation of such 
surfaces. Practicable sanitizing requires that any treat­
ment residual will not in itself be harmful; ii 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 
lo air dry, and treated them with a I :5000 aqueous di­
lution of alkyldimethylbenzyl ammonium chloride for 
various contact periods before swabbing and plating pro­
cedures were employed to enumerate the viable bacteria 
present; this demonstrated 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
mcthylbcnzyl a'flmonium chloride at a I :6000 dilution 
in a dairy pastcurizJng plant caused n 60 to 98% reduction 
of the bacteria count on the milk handling and processing 
cq11l11ment (Kroi: and Marshall. 1942). Frayer (1943), 
Mueller et al. (1946), DuBois and Dibblee (1946), Puhle 
(1950). and Speck and }.uca., (1957) are several of the 
many investigators who determined the utility of qua­
ternary ammonium compounds as germicides for the 
dairy farm and dairy plant. Similar reports lo demon-
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strate the advantage of quaternary compounds as ger­
micides In other food 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 V'~olo (1946) and Resuggan 
(1951) in the brewing industn-, and Casey (1972) in the 
sugar -refining industry. . · • • · 

The treatment of lo/lie ~unts · of water' to destroy 
and prevent the proliferation of disease-producing mi­
croorganisms, of industr~. process-interfering microor­
ganisms, and finally,of noxious, 'esthetically undesirable 
microorganisms is an 'important application area of the 
quaternary ammonium compounds. The destruction of 
cysts of Entamoeh$, lauiolytica was reported by Fair et 
al. (1945) and by Kessel and Moore (1946).' Kessel and 
Moore offered tlieir opinion that quaternary ammonium 
compounds should be considered for the emergency ster­
ilization of drinking water; this opinion was based on the 
high germiciilal levels observed. Sotier and Ward (1947) 
observed that a product containing 0.5% of Hyamine 
1622 was an effective disinfectant of new .water ·niains 
and of hemp used to prepare joints on the mains. Qua­
ternary ammonium com1>9unds have be¢n recom­
mended for treating pr<>ee$S water in paper. mills (Erskine 
et al., 1958; Sberna, 1966) to preyent the· proliferation 
of microorganisms on the:surface of equipment coniaci­
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; Bemeschot 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 dioocodimethyl ammonium 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 drilled 
around the producing well, so that as it spreads through 
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 2.0 ppm to inhibit the proliferation of Demlfovlbrlo 
ck.rulfuricam, which with pseudomonas species are Pr!· 
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 
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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. 
Shay et al. (1964) demonstrated that alkyldimethyliso­
propylbenzyl ammonium chloride at 7 ppm killed both 
Escherichia coll and Streptococcw faecal.u at a 30-second 
contact time by the AOAC test method prescribed lor 
swimming pool bactericides. 

The positively charged functional portion of the qua­
ternary molecule is attracted to and substantive to neg­
atively charged fabric; it may be applied to the fabric 
from a quaternary solution by rinsing, padding, or spray­
ing. Talcing advantage of this phenomenon, Benson et 
al. (1947, 1949) proposed that diapers be treated with 
[ methylbenzethonium chloride ]p-diisobutylcresoxy­
ethoxyethyldimethylbenzyl ammonium chloride mono­
hydrate in the 6nal 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 
io 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 automatic clothes-washing machines. 

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 ammonium 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 
l : 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 alkyldlmethylbenzyl ammonium 
chloride to provide 200 ppm of active quaternary com­
pounds in the presence of anionic or nonionic laundry 
detergent. Compared to untreated wash loads, the qua­
ternary compound used with the warm or hot water set­
ting consistently reduced the numbers 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 
antjmicrobial laundry additive test procedure (Petrocci 
and Clarke, 1969), a simulated use test, Shay and Pe­
lJ'o!)ci (1968) demonstrated sanitization of fabric during 
the laµndry cycle following addition of a 50:50 mixture 
of alkyldimethylbenzyl ammonium chloride and 
alkyldimethylethylbenzyl ammonium 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 bacteriostatic activity against 
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