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This stuy was uthert&cen to deteriaine significance of a nwïber of 
factors on gernicidal activity of quaternary ainonium compounds (QO). In 
order to provide a proper evaluation of their present comparative and 
po;ential value in dMry sanitation procedures) in eneral tne investigations 
included not only QC, but also representative iypochiorite preparations. 

The niethod for the determination of geriicidal activity of QCs and. 
hypochiorites was tne n eber and 1ack tecnnicie. This test iaethod was 
inoaiuied by tne removal of bacterial clumps with filtration of te bacterial 
suspension tnrouh filter paper and by standardizing the nuber of cells in 
tne test suspensions with a ecan spectrophotoeter. 

Germicidal activity of all diuiethyl benzyl arnioniuu ciloride, and. 
para di-isobutyl phenoxy ethoxy diinethyl benzyl aiaoniva ciloride against 
;. &. roenes, aerino, Sarcina sp. and . yogen var. aureus 
was deterained. The QACs in concentrations of 50, 100 and 200 p were most 
active against Â. aeroenes and least active against . inOs. 

Concentrations of 50 ppi of sodium hypochlorite, lithium hypochiorite, 
alkyl dimetnyl etnyl benzyl amoniuii chloride and. a detergent sanitizer 
containing para di-isooutyl phenoxy etnoxy dimethyl 'benzyl ammonium cnloride 
destroyed all cells of . coli in 15 seconds. Al1rl ditnethyl benzyl aíumonium 
cnloride, para di-isobutyl phenoxy ethoxy benzyl amnìonium chloride and 
uiethyl doo.ecyl Denzyl trimetnyl aoniva cxiloride followed in decreasing 
sequence in germicidal activity. 

The germicidal activity of soditirn hypocblorite against water suspensions 
of B. cereus spores and . caseolti cells was not increased by the 
addition of O.Ob and 0.01 per cent surface active agents in the fors of 
Nacconal NAOL, Stepanate, Alkanol DM, Santouxerse 1, or X-100. Concentration 
of 0.05 per cent Stepaxate and X-100 appeared to decrease tne activity of the 
sodium bypochiorite solution. The ph of a ìiypocialorite solution appeared 
to be the moat important factor affecting its geriiicid.al activity. 

Tus germicidal activity of C varied arked.ly with a siall change in 
pH level. The optimum pH value for greatest activity of any one individual 
AC depended upon the bacterial species tested. This value appeared to vary 
for different QCs. 

a low pH detergent sanitizer snowed greater activity against . 

aeruginosa than a ign ph preparation. On tne other hand, E. coli appeared 
more resistant under the same conditions at a low pH than at a high pi-I level. 



QC, in the ±'or of a detergent sanitizer wa more active than the QAO 
alone in the case of two different QACs in distilled water, Navy harô. water 
and Navy hard water containing organic matter. hesults indicated that the 
active agent accelerating QC action was the tetrasodium pyrophospnate. 
risodiui phosphate showed no pronounced accelerating effect on QAG 

germicidal activity. 

In studies on effect of QAC action in presence of organic matter in the 
form of milk solids, it was found that acid production oy lactic acid starter 
bacteria was inhibited oy as little as five ppm QAC in milk. Inhibition of 
acid development was nearly complete with 25 to 30 ppm QAC in the milk when 
the organisms were incubated at temperatures near their maximum. At 
incubation temperatures normally used for culturing the organisms, 50 ppm 
QAC efected nearly coraalote inhibition, Milling time was delayed 15 minutes 
by presence of five ppm, and 45 to 60 minutes oy 10 ppm QAC in the manufacture 
of Cheddar cheese. 

A method was developed for determination of QACs in milk, based on 
extraction and precipitation of QAC in a tetrachloroetnane-acetone-eosin 
indicator solution. Interfering factors in the solvent indicator were 
removed oy successive washings with distilled water, and QAC then was 
titrated with a standard solution of anionic surface active agent. íith 
suitable standards for comparison, the method determined quantities of QAC 
in the range of five to 100 ppm in milk. 
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FUNDAMNTL FACTORS AFFECTING GERMICIDAL ACTIVITIES OF CERTAIN 

HYPOCELORITE LW QUATERNARY LONIUM COMPOURDS 

INTRODUC PION 

Milk provides an ideal culture medium for the growth of micro- 

organisms. erefore, milk and milk products 'mist be handled. in such 

a mariner as to mlxiimnize their contamaination by microorganisms. 

Another important objective of the proper hnd1ing is the prevention 

of disease transmission. One of the most important factors in proper 

processing of dairy products is the cleaning and sanitization of the 

various utensils and equipment with which they come in contact. This 

sanitization may os accomplished in variou8 ways, but the most practi- 

cal method is by chemical means. e chemicals commonly used for this 

purpose have been calcium hypochiorite and the chioratnines. 

In recent years, quatornary amion1um compounds (AC) have been advo- 

catod by some workers for this operation. 

Many of the advantages and disadvantages of the lypochlorites for 

dairy sanitation have been fairly well established. Unfortunately, 

the AC preparations were Introduced to the dairy industry so rapidly 

that many factors affecting their germicidal activity have not been 

thoroughly studied. This study was undertaken to provide information 

on a number of factors affecting activity of C. In order to provide 

a proper evaluation of their present and potential value in food 

sanitation procedures in general, the investigations have included not 

only QAC, but also the representative hypochiorito preparations. 
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HISTORICAL 

General information. A1tìough chlorine is a very effective 

germicide and has given excellent eervici to the dairy inthistry, it 

does ]mve certain disadvantages. As listed by Botwright (i?, p.102), 

these disadvantages are: (a) its germicidal properties are destroyed 

by organic matter; (b) it imparts odors and tastes to foods; (c) it 

irritates hands; and (d) it corrodes equipiaent. Haller (92, 

pp. 10-20) studied the effect of chlorine on 12 metals and alloys 

which were znost likely to be itsed ix dairy equipment. All metals 

studied showed corrosion by 100 ath 200 ppm of available chlorine. 

2e higher concentration had the greater effect. Another disad- 

vantage of chlorine was implied by Dahlberg and Carpenter (38, p.550). 

They found that oxidized flavor of milk was most pronounced when 

chlorine sterilization was used. However, these findings have not 

been verified by other workers. 

The first possibility that Q&C preparations had germicidal 

properties was indicated in 1916 by Jacobs (iii, pp.566, 56?). He 

was able to show germicidal properties of hexametbylenetetramine. 

Jacobs (112, p.574) (113, p.598) showed that the germicidal 

properties of the above compound were due to the hexametìiylene- 

tetraminenuc1eus, but that these properties could be enhanced by 

aliphatically bound halogen. No further important work was done on 

tnis type of compound until 1935, when Domac (40, pp.830, 831) 

studied the germicidal properties of alkyl dimethyl benzyl ammonium 

chloride. He soowed that this compound could destroy nine species of 

pathogenic bacteria when present in concentrations of 100 to 1000 p. 



The concentration required for destruction depended upon the species 

of bacteria. 

A number of reviews on the 5ubjeCt of QIiC have been published 

in recent years (37, pp.133-139) (44, pp.25-2? 4243) (61, pp.156- 

167) (62, pp.108) (104, pp.269-292) (188, pp.173-192) (220, pp.451- 

4?a), ravis (39, p.48) listed the following advantages for these 

compounds: (a) rapid and complete ki11ixi action against bacteria 

even in low concentrations; (b) practically non-poisonous; (c) non- 

corrosive; (a) odorless; (e) non-irritating to the skin; (f) great 

stability even in the presence of organic material; and (g) inhibit 

bacterial growth over long periods of tiae. However, Hirsch and 

Novak (loo, p.378) showed that the toxicity index placed chlorine 

compounds as the uìost efficient This was followed by the 

phenolic cozapounds, and finally by alkyl dimethyl benzyl anaionium 

chloride. Subsequent investigations have raised sorne questions 

regarding claims made for destructive action of QAC against bacteria 

and on their stability in the presence of organic matter. 

Mode action of germicides. ne fact that pli materially 

affected the efficiency of chlorine germicides led ¡arks 

p.303) to conclude that undissociated hypochlorous acid was the 

active form and that the hypochiorite ion was entirely inactive. e 

active form probably affects an enzyme system of bacteria. Knox 

al. (136, pp.456, 45?) showed that chlorine in bactericidal amounts 

or less inhibited various sulfhydryl enzymes and various other 

enzymes sensitive to oxidation. They used Escherichia coli as the 
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test organism. The inhibition of glucose oxidation was paralleled 

by the percentage of bacteria killed. fhe aldolae of the orauism 

was shown to be one of the essential enzymes of glucose oxidation 

sufficiently sensitive to chlorine to explain its bactericidal 

ef±ect. Green snd $twnpf (88, p.1304) explained the difference in 

aensitivity to chlorine of vegetative cells and spores as being due 

to its effect on glucose oxidation. The spores were leas sensitive 

because they required little glucose oxidation. 

Various efforts have been made to determine the mode of action 

of anionic and cationic surface active agents on bacteria. Dyer and 

Ord.al (3, pp.160,166) showed by electrokinetic studies that, in the 

presence of bacteria, cetyl pyridiuim chloride yielded a pattern of 

decrease of charge, reversal of charge, and stabilization of charge. 

This would indicate that some type of chemical reaction took place. 

It also is Iown that anionic detergents will precipitate proteins 

only in the cationic form. Precipitation ceases above the isoelectric 

point of the protein. This study was accomplîshed by Putnam and. 

teurath (182, p.69). The reaction between protein and anionic 

detergents m' be an adsorption rather than a chemical reaction. 

Pankiurst and Smith (176, p.69) showed that dodecyl sodium sulfate 

adsorba around. a gelatin molecule in a continuous unimolecular layer 

attached by its polar oups to the basic nitrogen atoms of the 

protein. 

The QC preparations probably destroy bacteria by inactivating 

the bacterial enzymes. Seva and Rosa (202, pp.679-681) determined 

that a 1:3500 (286 psi) dilution of Zephiran completely inhibited the 



oxygen consumption of p-phenylenediamine in yeast cells. Also 

aerobic and anaerobic oxidation o± glucoae by yeast cells was 

iuhibited by Zepniran. Tue effect of Zephiran and Geepryn on dehy- 

drogenase, oxidase and. catalase 0±' . coli was deteriained by Roberts 

and Rthìn (196, pp.641, 642). Retardation o± the enzyme systems 

occurred at a concentration of germicide that Ìad little or no effect 

on the energy production. Concentrations that inhibited growth 

completely did not always inactivate or even retard the enzymes. How- 

ever, at lethal concentrations, the enzymes were inactivated. Ordal 

and Borg (173, p.334) obtained an inhibition by cetyl pyriö.iniuin 

chloride on the lactate dehydrogenase of . coli and Micrococcus 

ogenes var. aureus. Miller (164, p.706) showed that Zephiran 

exerted a pronounced inhibitory effect on both respiration and 

glycolysis of six different species of bacteria. 

The possibility that surface active agents may act on bacteria 

in sorne method other than by inactivation of ouzyae systems has been 

suggested by Gale and Paylor (75, p.549). They found that all 

internal lysixie of bacterial cells was released by cetyl trimethyl 

amoniun bromide and aerosol OT (di-octyl sodium sulfosuccinate). 

Iiotchkiss (103, p.492) presented the theory that QC prepa- 

tions are adsorbed by the organism rather than uniting in chemical 

combination, Valko and Duois (221, pp.20-24) reported that the 

killing action of surface active cations on bacteria could be reversed 

by aetoxication with a hign molecular anion. Similarly, Kivela 

(128, p.570) showed that the bacteriostatic effect of surface active 

cations on bacterial spores could be reversed by dilution and shaking 



in distilled water or physiological saline solution. 

Gernicidal efficiency. Chlorine compomds have proven to be 

highly active gerxuicidee. Jolms (116, pp.39-41) showed that 55 to 

85 ppm of either calciiwi or sodiun hypochlorite destroyed ropy and 

bitter milk organisms within 60 seconds. He tested Live species that 

caused ropy milk and two species that produced bitter milk. It was 

reported by Long and Hammer (148, p.41) that Pseudonrnnas putrefacieus 

did not survive five seconds in sterile water containing one ppm 

available ckilorine. Tonney . (2l8 p.1260) found that most 

pathogens failed to survive longer than 30 seconds in the presence 

of 0.1 ppm available chlorine. However Mailman and Gelpi (163, 

pp.12-15) showed tnat . coli developed a tolerance to chlorine in 

concentrations of 0.5 ppm. All of the above 8tudies utilized sus- 

pensions of organisms containing less than 500 per ml. Wade 

(223, p.192) determined the effect of calcium bypochiorite on tubercie 

bacilli in relation to milk bottle sterilization. They contaminated 

one-half pint bottles with 0.5 ml. of sputum containing four to six 

bacilli per microscopic field. A concentration of 100 ppm available 

cnlorine required over three minutes exposure to destroy all bacilli. 
The destruction by germicides of bacterial spores is much more 

difficult tnan that of vegetative cells. Tonney 3. (219, p.50?) 

showed that 280 ppm available chlorine were required to destroy 

Bacillus vulatus spores in 30 seconds. Bacillus aiibtilis spores 
required 160 ppm. However, Tilley and Chapin (214, pp.299, 300) were 

able to destroy anthrax spores in 15 minutes with 10 ppm of available 
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chlorine. The QAC preparations also destroy bacterial spores, but not 

so rapidly as do the bypocnlorttes. Dunn (51, p.48) demonstrated a 

bacteriostatie effect by these coinpotmds on . subtilis spores. 

ThBois and. Dibblee (48e p.734) showed that 60 to 75 per cent of 

Bacillus metiens spores were destroyed by a 1:5000 (200 ppni) dilution 

of Tetrosan almost iuuiediately. However, after six hours only 90 per 

cent of the original spores were destroyed. In other words, the 25 

to 40 per cent of spores remaining after the initial kill were very 

difficult to destroy. 

Mueller a]. (169, p.758) showed that six Q)0 preparations 

were effective in the destruction of organisms found in rav milk. 

Joslyn (124. p.50) determined that Phexierol was an effective 

germicide against ten pathogenic species of bacteria. They found 

that Pseudomonas aerinosa was the most resistant. The resistance 

to QAC of . aeruinosa was verified by McCulloch (162, p.500). 

Gershemfeld and Milanick (77, p.322) reported that Triton K12 

(cetyl dimethyl benzyl anmonium chloride) was more effective against 

Eberthella tyDhi than against . pyoenes var. aureus. However, 

Johns (121, p.28) reported that AC preparations were more effective 

against a. uyogenes var. aureus, Bacillus anis and ilicrococcus 

candidus. Hypochlorites proved more effective against . coli and 

.. aeruginosa. Cheese starter organisms were destroyed more readily 

by hypochlorites than by the QC preparations. Dunn (50, p.428) 

found that alk.yl dimetbyl benzyl azamonim chloride was bacteriostatic 

to M. yoenes var. aureus and B. subtilis in a dilution of 1:100,000 

(lo ppm). j. coli required a dilution of 1:20,000 (50 ppm). .A. 
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meningococcus was destroyed by 0.025 per cent (250 ppm) Zephiran 

according to Miller (166, p.200). Preedlander (73, p.52) inhibited 

the growth of tubercie bacilli with 1:80,000 (12.5 ppm) dilution of 

Zephira.n. ailler al. (165, p.106) were able to prevent growth in 

glucose solution from dental plaque material with 1:3,000 (333 ppm) 

dilution of alkyl diinethyl benzyl ammonium chloride. Dilutions of 

1:1000 (1000 ppm) and 1:3000 (333 ppm) of 0AC were found by ïüiitehill 

(231, p.220) to be effective against . yoenes var. aureu.s. 

The effectiveness of geruictdes against viruses is of interest 

to the dairy industry because of bacteriophage attacks of lactic acid 

starter cultures. Krueger (140, pp.628, 629) showed that a 1:10,000 

(loo ppm) dilution of surface active agents failed to destroy influ- 

euza virs within one hour. The difficulty of destroying 

c was substantiated by the fact that Maier (150, p.36) found no 

interference in the reproduction of . vais. 8U5 phage 
by 1:50,000 (20 ppm) dilution of alkyl dimetbyl benzyl ammonium 

chloride. In fact, Kalter . (125, p.239) were able to isolate 

coli phage from sewage by the use of ulso1-60?, Zephiran, and 

cety]. pyridinium chloride. On the other hand, hunter and Whitebead 

(109, p.6465) found that 500 pn chlorine completely inactivated 
within one minute the bacteriophage of the lactic streptococci. 

Prou.ty (lao, p.219) studied the effect o± six QiC preparations 

against Streptococcus cramons phago. He found that a concentration 

of 200 ppm of these compounds destroyed this phage in two minutes. 

Parker and. 11iker (1??) snowed that hypochiorites were more effecti 

in destroying . phage than the 0 preparations. 



The possibility that the Grani reaction of an organ1sa could. be 

used as an irniex to predict tne effect of QG bas been consiiered. 

BaJer i' (9, p.618), Dunn (51, p.50) and Jozms (119, p.96) 

showed tkiat these compounds had a greater geruiicidal effect against 

Gram positive than Qraxi negative organisuis. Klein and Kard.on (134, 

p.246) clainied Zephiran possessed several hundredfold greater activity 

against Grani positive than Gram negative organisms. However, Mailman 

and Zaikowsici (158, p.208) fowci that aiki diaethyl benzyl amnoniimi 

c1oride killed both Grmn positive and Gram negative organisms in 10 

seconds at 120°F. Baker . (8, p.26?) and Hoogerheide (101, 

p.283) found little difference in the effect on Gram positive and. Gram 

negative organisms. Evidently the conclusions obtained by different 

workers are dependent upon the technique used in determining the 

germicidal effect of C. 

Toxicity 2 juaternary ammonium compounds. Ln important factor 

to be considered about any germicide utilized in the dairy industry 

is its toxicity to man. There is always the possibility of an 

individual accidentally obtaining a large dose of the germicide. It 

is desirable, therefore, that a germicide be very active against 

bacteria, but not very toxic to man. Harshbarger (95, p.172) showed 

that white rats could have three per cent of their diet made up of 

Zephiran without causing any ill effects. Shelauski (203, pp.126-128) 

studied tne effect of four different C preparations on white rats, 

guinea pigs and dogs. íxiite rats survived loo ml. of a 0.1 per cent 

solution for each kilogram of body weight. Guinea pigs survived 75 
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ini. Dogs received as drinking water 15000 (200 ppui) dilution of 

Q1kC. They showed. no effect after six ontna treatment. ren 

(225, p.406) determined that one out of six rabbits died from oral 

injection of cetyl pyridiniuffi chloride at tne rate of 400 milliras 
per kilora body weight. No deaths occurred with lesser quantities. 

Death occurred when over 15 i11igras per kilogran body weit was 

injected intravenously. Intraperitoneal injection caused death 

above 3 milligraias. 

It was shown by Miller (l63, p.175) and Bahn (187, p.3) 

that QAC fornied a film over human skin, of which only the outside was 

gernicidal. This fI]JII retained bacteria underneath it, but destroyed. 

any new bacteria which caine in contact with the surface. This 

condition pernitted these coznpounds to used as antiseptics for 

hands. Therefore, their irritation to skin is important. Barnes 

(12, p.530) showed that one per cent OTAB would not irritate skin. 

Heineuan (99, pp.714, 715) was not able to obtain skin irritation 

with 10 per cent a1l diethy1 benzyl aonium chloride. 

ca1 cation QL erauicidea. The use of bypochiorites 

as mists in an effort to reduce the numbers of bacteria and bacteri- 

ophage in the air is iaportant to the dairy industry. Particularly 

is this true in the reduction of the anount of bacteriophage present. 

Baker (6, pp.579, 581) showed that mists contatnin one pjn 

of available chlorine were effective against . The saae 

concentration was shown by Masterman (160, p.285) to be effective 

against the normal flora of bacteria found in the air. Ohallinor 
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(27, pp.30-40) obtained approximately the sazne rewults. Edward. and. 

Lidwell (54, p.199) found tnat one vo]xme of hrpoch1orou.s acid. gas 

to two xi111iou volumes o± air was effective in destroyiiig 99 per cent 

of the influenza virus particles in the air. The rapid. inactivation 

of air-borne streptococci and. atapÌy1ococci was obtained by Elf ord 

and Van Den Ende (so, p.11) with 0.1 to 0.3 ppm. available chlorine 

in an atmosphere of 70 to 90 per cent relative hizuidity. he fact 

that hypochiorite mists are more effective at a high relative huniid.ity 

than at a low was shown by Baker and. Pwort (7, pp.126, 12?). Wolf 

t . (235) pp.300-310) determined that three different lactic 

streptococcus bacteriophage races could. be d.estroyed by 0.003 to 

0.02 ppm available chlorine in the form of mists. However, Thitehead 

and Hunter (23O pp.70-76) believed. that aerial d.isinfection was 

impractical for the dairy industry because of the large voitne of air 

which must oe treated to insure bacteriophage control. 

The use of bypochiorites on the dairy farm has proven effective. 

lay p.241) showed tha t 100 ppm available chlorine was as 

efficient in sanitizing milking macnine tubing aM teat cups as 0.3 

per cent lye solution. louts 
(72e pe5?) concluded that sodium 

hypockilorite was effective iii sanitizing dairy equipment providing 

the concentration did not fail below 45 ppm. Byers and Ewait (25, 

p.280) obtained very significant reductions in the bacterial content 

of the milk by using an u.der and teat washing solution containing at 

least 50 ppm available chlorine. 

Mastitis is an important problem of the dairy farmer. Bryan . 

(21, p.83) found that one ppm available chlorine would destroy 
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alpha, beta, ana gamma streptococci in less toan One minute. Hughes 

and Edwards (loa, p.449) applied one per cent CAB in a lanette wax- 

oil base, twice daily to the teats of cows ano. trie milker's hands 

for over two months at tne tiíae of milking. This treatment appeared 

to reduce the spread of infection by StrepçQccus agalactiae. 

Spurgeon _i.. (208, p.44) siioweä. that both hypochlorites and QC 

reiaoved and destroyed sufficient S. agalactiae under laboratory 

conditions to suggest their use in milk procedure for ä.isinfection 

of teat cups between cows. They reconrnended the use of a 500 ppm 

concentration. Another znethod of control of mastitis was suggested 

by ryan . (2, p.419). They infused each infected udder with 

75 ml. of 1:1000 (1000 ppm) solution of Phenierol (a QC). They 

obtained per 

QC can also be used for sanitization of teat cups. Jensen and 

Bortree (114, p.337) determined no difference in germicidal efficiency 
between lye and a cationic germicide when used for this purpose. 

Krog (139, p.346) sxiowed that alkyl dirnetbyl benzyl amnioniuzi chloride 
was an efficient geraicide for tne sanitization of dairy equipnient. 

iue11er a:.. (170f p.128) used a solution of 200 ppm QC to wash 

30 to 40 udders before changing the solution with excellent results. 
No chapping nor cracked u&ìers and teats developed on tnis procedure. 

iCesler (127, p.180) and Beaves (190, p.767) were able to 

estaolisn no difference between hrpoch1orites and Q)0 in gernicid.a1 

efficiency when used as udder washes. Fabian and Nielsen (68, p.274) 
snowed that a solution of 1:200 (500 p) Dowicide (sodium ortho 

pnenyl puenate) compared very favorably with a solution of 102 ppm 
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ck1oriue a a germicidal agent in sanitizing milking machines. 

ffect 2: guaternary wnmoniii connds On lactic acid star 

organims, DuBois and Dibblee (49, p.265) found. that concentrations 

oÍ BW (a1yl diniethyl benzyl ammonium chloride) of 1:500 (2000 ppm) 
to 1:25,000 (40 ppm) did not influence the bacterial counts of 

pasteurized ox' raw milk stored at any temperature. However, concen- 

trations of 1:500 (2000 ppm) ana 1:5000 (200 ppm) did. bthibit the 

growth of reptococcs lactis but not .. cali. Mull. and. Pouts 

(171, p.103) determined. that Roccal (alkyl dimethyl benzyl ammonium 

cnloride) would. bave to be added to milk of low quality to the 

extent of 200 to 250 ppm to bring about a significant decrease in tI 

bacterial count of the milk. Comparable results were obtained b 

MoCulloch et . (162, p.496). They found. that Hyamiae 1622 (para 

di-isobutyl phenoxy ethoxy dimethyl beazyl amaonium chloride) had 

to be present in raw milk in concentration of 15000 (200 ppm) to 

cause a reduction in bacterial count after 24 hours storage. Johns 

and Pritchard (123, p.503) studied four AC preparations as milk 

preservatives. They concluded that each compoi.nd exerted a slight 

but definite bacteriostatjc action when added to milk in the highest 

concentration which might hope to escape detection organoleptically. 

Johns (119, pp.79-Si) (121, p.28) was able to show that, although 

Q,AC is usually more effective against Gram positive organisms, the 

lactic acid starter organisms were an exception. They appeared to 

have a resistance against this type of componnd. However, Moore 

(167, p.63) showed that two different QAC preparations inhibited. 
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acid. production by a ccxnrzercia1 starter culture when present at a 

concentration of 25 ppm. Concentrations of 50 to 75 ppm gave complete 

innibition of acid production. Similar results were obtained by 

Baroer et al. (11, p.56) 

Germii ctivator. In order to study properly the effect 

of a germicide on bacteria, it is necessary to employ an inactivator 

to stop germicida]. action after the desired period of exposure. The 

inactivator niist not adversely affect bacteria. Zoller (239, p.316) 

showed that milk absorbed chlorine rapidly at first, but the rate 

decreased until the milk became saturated. Saturation point was 

reached. after addition of 500 ppm available chlorine. Wright (236, 

pp.526-530) found that various &sino acids and proteins inactivated 

chlorine. However, the V.antity of amino acid or protein determined 

the anount of inactivation. Caseinogenate and gelatin at 0.05 grams 

per 100 ml. decreased chlorine content to 30 per cent of the original. 

However, 0.2 grams per 100 nil. did not decrease the chlorine content 

nearly so much as the lower concentration. As the concentration 

increased, the chlorine content was again decreased. Sodium thio- 

sulphate is commonly used to inactivate hypochiorites in studies on 

their germicidal activities (210, pp.98-lOU) (226, p.1409). 

The problem of methods of inactivation of QAC still is under 

investigation. Quisno . (186, p.318) found that agar reduced 

the germicid1 potency of these compounds. They suggested that the 

reduction was due to pbysical adsorption. Lawrence (141, p.58) 

showed that synthetic anionic detergents as well as soaps failed to 
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completely inactivate the surface active cationic detergente. 

Goetchius (82, p.132) suggested the use o± Twao1-1 as an Inactivator 

for QC. It reqnired 175O (1333 pn) di1tion to inactivate 200 

ppuA .0 aainst . oyoenes var. aureus and 1x4000 (250 ppzxi) dilution 

against ìberthe1la tyhoea. The phospholipids lecithin, cepa1in and 

aphinoxayelin proved to ie effective inactivatorE, according to Baker 

. (io, pp.630-635). Iurther proof of the value of lecithin was 

presented by Brewer (18, p.263) and Weber and Black (228, p.152). 

The latter authors also found that sodium naphuride would act as an 

efficient inactivator. However, Ridenour and Armbru.ster (195, p.121) 

found that neither lecithin nor naphuride prevented sorne bacteri- 

ostasis by iLC in the standard swab rinse test. s shown by 

Aribruster and. Ridenour (1, p.120) and eber and Black (22?, p.142), 

the most officient inactivator was lecithin in combination with Tween 

80. The Tween 80 acted as a dispersing mediim which enhanced the 

inactivation role of the lecithin. Recently, Collins . (32, 

p.308) stgested the use of congo red as an inactivator. 

Bacteriological tests germicid efficiency. In 1913, 

Rideal and Walker (193, pp.577-580) developed a technicjue for the 

determination of the efficiency of germicides. Tbe basis of the test 

was to add live ml. test solution to 0.5 ml. of a 24 hour broth 

culture of i. tynbosa. Loopfuls then were transferred at 2.5 minute 

intervals to broth and. a record of growth was made. This test, with 

some modifications became own as the phenol coefficient. The test 

was satisfactory until phenol coefficients of hypochiorites and QC 
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preparations were capared. to the actual performance of these 

cornpowids (14, p.132) (191, p.1046) (192, p.l29) (213, p.125). It 

was found that the above cornpounds especially nrpochlorite, were 

auch more active than the phenol coefficient indicated. This fact 

led. to many variations, as well as the development of new test 

methods. A review on this subject was presented by Mailman (152, 

pp.101-131). 

pressman and Rhodes (179, pp.139-142) found that transferring 

0.05 ml. with a pipette yielded more consistant results with the 

phenol coefficient test than wuen a loop was used. Goetchius (83, 

p.131) and Klar&nann and Wright (130, p.11?) suggested changes in the 

culture medium. Goetchius (83, p.131) was able to show that three 

different sources beef extract yielded different average phenol 

coefficients. Viith Hyamine 1622 (para di-isobutyl phenoxy ethoxy 

diinethyl benzyl ammonium chloride), he obtained erratic phenol 

coefficients within the three beef extract lots and a different 

average between the lots. Cade (26, pp.141,155), however, claimed 

that the phenol coefficient method could be used. if plate counts 

were made. uisno et . (184, p.150) (185, p.322) recomaended the 

use of lecithin and Tween 80 in the broth to inactivate any CC 

which might be carried over by the ioop. The fact that the surface 

tension of the broth affects the size of the drop used in transfer 

by a loop was shown by Tobie and Orr (216, p.768). Aerosol CT 

(di-octyl sodium sulfosuccinate) greatly, but not uniformly, reduced 

the size of the drop. This difficulty could. be overcome by using a 

0.02 ml. pipette. 



1? 

tneory exp1ainin tne difficulty in using the phenol coef- 

ficient on Q,AC was proposea by McCulloch (161e p.480). He believed 

that tne ernicide caused the oranisnis to clump and adnere to tne 

sides of the test tube. Thus, they were not picked up in tue loop 

transfer. Converse1y DiBois (46, p.141) thout that QAC was 

adsorbed by Lie glass wnich reduced trie actual concentration. 

Elimek and Umbreit (135, p.142) found no evidence to support the 

tneory that the bacteria were adsorbed by trie walls of te test tilbe. 

Klarniann and Wright (l3l p.128) (132, p.142) (133, p.15?) 

introduced two variations to the phenol coefficient method which they 

clainied yielded more accurate results with QAC. In one niethod, they 

added 0.5 ini. disinfectant to 0.05 l. culture. al ter trie desired 

tirae of exposure, they added 20 nil. of broth and noted the presence 

or absence of growtt after incubation. In the other modification, 

tney usei the regular phenol coefficient method, but had strips of 

sterile filter paper in trie test tube. ese strips were renioved at 
desired intervals and transferred to broth to determine growth. 

A metnod utilizing developing chick embryo was used by Green and 

irkeland (86, p.56) (8?, p.34). They inoculated the chorioallantoic 

membrane of 11 day old embryo with 0.02 ml. of a 1:10 dilution of 

24 hour culture of 1. yogenes var. aureus. After 18 hours, and on 

each day for five days, they added 0.2 ml. of the test solution. On 

the sixth day, they stroked the membrane with moist cotton and 

streaed plates. The method showed that cetyl pyridiniurn chloride 

had a definite curative effect on the experimental infection. Kenner 

.. (126, p.450) used injection of white mice with alnionslla 
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typhimu.rii after exposing te organism to Cety]. pyridiniizn chloride 

as a niethod of testing the efficiency of the germicide. 

Jensen and Jensen (115, p.490) suggested drying the test organ- 

isni on a cover slip. The dried cover slip was placed in the germicide 

for two minutes, removed, washed, and placed in beef broth to 

determine surviving organisms. . similar method was used by Mallmai 

t. L. (156, pp.l32 133). They used glass cylinders, which were 

exposed to the germicide for varying periods of time after the 

bacterial film had dried, At the desired exposure time, the cylin- 

ders were dropped into 10 nl. broth, shaken thoroughly, and the broth 

plated on TG mediim. Johns (120, pp.1324, 1325) presenteã a glass 

slide technique. He used a bacterial suspension containing 200 z 
lob 

organisms per ml. One ml. of this suspension was added to 60 ml. 

of 1:10 dilution of 8teriie skim milk. sterile slide was dipped 

into this mixture, removed and dried. After drying1 the slide was 

exposed to the test solution for the desired time, removed, rinsed 

with water, and plated. 

Methods utilizing germicida]. inactivators were proposed by 

Castigan (34, p.?) and Mueller (170, p.129). The principle 

was based on exposing the test organism to a germicide for varying 

periods of time. A portion then was transferred to an inactivator 

solution and then plated in serial dilution. This principle also 

was used by Weber and Black (226, pp.1405-141?). Since this test 

method with slight modification was used in many of the experiments 

presented in this thesis, the following is a fairly complete de- 

scription of the method, The desired test organism was grown for 24 
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hours on nutrient agar. Five ml. from a sterile water blank were 

added to the slope, the organism was loosened by a loop, and the 

contents poured back into the water blan. nis suspension should 

contain 200 X 106 organisms per ml. .îter it was thorouh1y shaken, 

five ml. were transferred into a 25 x 150 mm. sterile test tube with 

glass cap. The above suspension and the desired germicide solution 

were kept at 25° C. Five nil. of the germicide solution were added 

to the bacterial suspension. This mixture was swirled thoroughly 

and at 15, 30, 60, 120, and 300 seconds it was swirled again and one 
ml. transferred to 9 ini. of inactivator solution. This solution then 

was plated in T mediur. After incubation, the plates were counted 

to determine the number of surviving organisms. The inactivator 

tubes contained lecithin at the rate of 2.222 grams per liter and 

Tween 80 at the rate of 15.8 ml. per liter en C was being tested. 

If chlorine compounds were being studied, the tabes contained 

sodium thiosulfate at the rate of 80 milligrams per liter. As a 

final control, the germicide was inactivated by addition of one ml. 

of lecithin solution containing 40 milligrams and the entire remain- 
ing contents of the medicinal tbe itself were plated with T agar 

containing 75 per cent normal water. In the case of chlorine 

compounds, sodium thiosulfate was used for inactivation of germicide. 

__ç__ 2. chemical confration grmicidai efficiencnc. 

WAlker (224, pp.561-563) showed that the germicidal properties of 

soaps differed markedly when made from different fatty acids, Soaps 

made from laurie, oleic, linoleic, and linolenic acids were the most 



efficient. Bayliss (13e p.498) found that pnenaococci were especial- 

ly susceptible to certain unsaturated soaps; BUCh as, sodiun oleate, 

sodium linoleate, sodium linolenate, and sodium clupanodonate. Other 

unsaturated soaps as well as hydroxylated and saturated soaps were 

less effective. Eggerth (59, p.34) demonstrated tbt soaps in the 

a-mercapto series were most &ermicidal when they contained 12 and 14 

carbon atoms. ggerth (5?, p.60) also snowed that e a-brom fatty 

acids were usually more germicidal than the uneubstituted soaps. 

Their activity increased to a maximum as tne carbon chain increased 

to 12 or 14 carbon atoms for Grain negative organisms and to 16 or 

18 carbon atoms for Gran positive organisms. Eggerth (58, pp.310, 

311) showed that tno effect of the bydroxyl group in saturated soaps 

was to increase selective germicidal action. However, the effect of 

tne byd.roxyl group in an unsaturated soap was to decrease this 

selectivity. 

Stanley . (12, p.1265) found that a ring structure wa 

unnecessary in order that certain organic acids have a germicidal 

action. Browning j. (20, p.1282) found no germicidal difference 

between the saturated and unsaturated acids. Armendt and Adans 

(3, p.1290) showed that dodecanoic acid and no germicidal effect to- 

ward Bacillus 1erae. Tridecanoic acid had practically no effect and 

tetradecanoic had. only slight effect. Against trie sane organism, 

Perd and Adams (71, p.1260) found that the alkyl acetic acids 

containing 16 and. 18 carbon atoms were most effective. According to 

Greer and Adams (89, p.2542), pentadecanoic and. heptaciecanoic acids 

were active germicides, but not to such a degree as hexadecanoic 
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acids. 

Te gerL1icida1 activity of 31COAQ1S against Cteri12I, YPh3 

and. . yoienes var. axireus was dependent upon the length of the 

carbon chain, according to Cowles (35, pp.129-133). The activity 

increased as the chain length increased frofl two to eight carbons. 

A great deal of research work has been conducted on the effect 

of chemical configuration of OAC preparations on their germicidal 

activity. Jacobs (112, pp.5?l-575) showed that germicidal 

activity of hoxamethylenetetramine was enhanced by methyl, chloride, 

bromide, iodide, cyanide, and nitrous groups. The ortho position 

was more active than the mcta or para position. $helton (2O4 

p.754) found that substitution of benzyl, butyl, or ethyl groups for 

the methyl groups in a]rl trimethyl anioniva bromide had no effect 

on the germicidal properties. However, Selton (205, p.756) 

showed that wen the lauryl group was present, the germicidal 

activity could be increased by the suDatitution of a carbethoxymethyl 

or B-acetoxymethyl group. Kolloff (13?, p.52) could not 

increase tne germicidal activity of pyridini.um alkyl halides and 

picolinium alkyl halides by the addition of a methyl group into the 

aromatic nucleus. $helton . (206, p.758) showed that unsatu- 

rated cyclic amines reach their peak of germicidal activity with 

cetyl pyridinium salts. In the unsaturated series, this peak was 

reached with cetyl methyl piperidinium. 

The number of carbon atoms in the a11rl portion of Q.AC prepa- 

rations is evidently important for germicidal activity. Baker 

(8, pp.258-264) claimed that maximum activity was obtained when the 
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aikyl group contained 12, 14, or 16 carbon atoms. Htghest phenol 

coefficients were obtained by pstein . (66, p.173) when the 

carbon chain contained 14 carbon atoras. Hoogerheid.e (loi, pp.282, 

283) found that tne bacterictd1 potency of cety]. trimethyl ammonium 

bromide increaaed. greatly as the carbon chain increased from etg±it 

to 16. 
Howeverb oreen (85, p.39) found no difference in erinicidal 

efficiency of Ezaulsol 6O6 Emu.lsol 60?, and Catol 2, when the carbon 

chains were varied between 12 and 18 atoms. Valko and. DuBois (222, 

p.483) showed that aliphatic d.imethrl ethyl ammonium chloride was 

most effective wnen the aliphatic groups contained 12 carbon atoms. 

However, aliphatic dimethyl ethyl ammonium bromide was most effective 

with 14 and 16 caroon atoms in the group. It was suggested by 

Rawlins j. (189, p.14) that benzene rings could be counted as 

four atoms, and the long cnain should contain 12 to 16 carbon atoms. 

Tuis latter fact was verified by Lawrence . (142, p.35?). Th.e 

following scheme sigested by Epstein et . (65, p.240) is probably 

as accurate as most conclusions. They f ound that 014 possessed 

maximum germicidal activity and the others possessed germicidal 

activity in tue following decreasing order: 14 Cl2 C, 018, 
and 

The effect of the chemical configuration of organic compounds on 

surface tension possibly affects the germicidal activity of these 

compounds. Stanley and Adame (221, pp.1551-1556) studied the 

surface tension and germicidal properties of 120 aliphatic acids, 

They found, without exception, that all of the germicidafly effective 

acids were marked surface tension depressants. Cowles (35, p.132) 
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bhoweã tkat tL e germicidal activity increased as the carbon chain 

increased from two to eight axd that the surface tension over tnis 

range decreased with increase in carbon chain length. Sixiiar1y 

Dreger al. (41, p.616) found that the surface tension of sodiun 

alcohol sulfates decreased as the carbon chain increased from 10 

to 16 atoms. Lawrence eta. (142, p.355) found that, as the a1l 

group of QAC preparations was increased from 06 to C, the surface 

tension decreased approximately 10 dynes per cm. The same phenome- 

non occurred from 
8 

to 010, but no further change occurred. for 

12' 014) 015, and C. The surface tension of various dilutions of 

cetyl pyriclinium chloride was determined by Huyck (110, p.56). He 

found that a 1:1000 (1000 ppm) dilution had a surface tension of 

40.8 cm., a 1:10,000 (loo ppm) dilution a 

tension of 51 dynes per cm. According to nis method of determination, 

water ad a surface tension of 71.2 dynes per cm. 

Effect 2. temoerature on germicidal efficiency. An efficient 

germicide must oe effective over a wide range in temperature. It 

is particularly importamt that the germicide has activity at room 

temperature and slightly lower, because, in many cases of sani- 

tization, heat cannot be applied. Butterfield et . (25, p.1860) 

. . . o found that increasing the temperature from 2 C. 

the germicidal activity of chlorine, The effect 

on Mycobacterium tuberculosis at various tempera 

Costigan (33, p.61), who found that the chlorine 

bacteria in 2.5 minutes at 500 0., in one minute 

to 25° 0. increased 

of 50 ppm chlorine 

eures was studied by 

destroyed the 

at 55 0., and in 



0.5 minute at 60° C. Weber and Levine (229g p.724) showed that a 

drop of loo within the range 20° C. to 50° caused a two-fold 

increase in period of exposure for chlorine to destroy . rneti 

spores. Chioratnine required a three to four-fold increase in period 

of exposure. Within the same temperature range, iudolph and Levine 

(19?, p.32) found that the killing time of bypochlorite 801U.tiofl was 

reduced 40 to 60 per cent for each i° C. rise in temperatu'e. 

DLuu (5O p.428) showed that the ermiciô.al efficiency of alii 

dimethyl benzyl amnoniì chloride was not adversely affected by 

freezing or storage above 500 0. for 18 days. Teiperatures above 

700 . were shown by Krog and. Marshall (l38 p.346) to not adversely 

affect the stability and geruLicidal efficiency of the above coipoun 

uisno and Foter (182, p.115) found that cetyl pyridiniurn chloride 

was active at 20° 0. and 37° 0. However, Hoogerheide (loi, p.283) 

showed. that cetyl triniethyl annoniva broiuiô.e increased in efficiency 

as temperature was increased from 20° 0. to 
370 

C. Sinilarly, 

Ridenour and Arbruster (194, p.509) f ound that C became more 

efficient as sanitizing agents as the temperature increased from 

200 0. to 500 0. 

Johns, (119, p.88) (121, p.28) showed that increased temperature 

increased the gericid.al efficiency of both hypochiorites and QAC 

preparations. However, the effect was much greater on the hypo- 

chiorites. 

Effect rmicida1 ficienc. As was shown by Mudge 

and Lawler (168, p.379) and. Levine . (146, p.64), alloeli 



solutions contained some germicidal activity because of the high pH 

obtained. Levine . (145, p.1339) found that sodium bydroxide, 

trisodiwn phosphate and sodium carbonate had a germicidal efficiency 

as a direct function of pH. 

Activity of most geruicides is affected by pff. Goshorn 

(84, p.64?) found that benzoic acid. increased in germicidal efficiency 

as the pff decreased. Bittenbender . (15, p.?43) (16, p.997) 

showed that chlorazene, gentian violet, bexyiresorcinol, iodine, 

Listerine, Lysol, malachite green, mazidelic acid, mercurochrome, 

Pepsodent antiseptic, phenylmorcuric nitrate, phenol, and potassium 

permanganate became more effective antiseptics as the pH was decreased 

from 8.0 to 3.0. 

it fairly well aeed that chlorine is more active 

cidally in an acid pH, but is much less stable (143, p.123). 

Costigan (34, p.6) found that ypochlorites were more active against 

1. y9a and j. oenes var. aureu at pff 6.8 than at pH 8.4. 

Butterfield et al. (23, pp.1851-1858) showed that the germicidal 

activity of' chlorine decreased as the pH increased from 6.5 to 10.?. 

At pH 8.5, 9.8, and 10.7, . was more sensitive to chlorine 

than . 9?:..t or Pseudomonas pocyania. However, at pH 6.5, 7.0, and 

7.5, the opposite was true. Eudoiph and Levine (19?, p.41) found. 

that flypochiorite solutions above pH 8.0 were greatly affected by 

slight increases in pH. On the other hand, in solutions below pff 

8.0, the effect was distinctly less marked. Mailman and Scham 

(15?, p.19) claimed that the germicidal activity of chlorine de- 

creased. as the pH decreased until pH 11.0 was reached. At this 
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point the alkali itself becane gerricida1. Chantan and Levine (28, 

p.168) found that cIi1or&uine T and calciuia kìypocüorite destroyed 

.. 
aetiens spores more rapidly as the pH changed from 8.8 to 6.0. 

Additional wor. y Cnarlton and. Levine (29, p.54) showed that 1000 

ppa available chlorine at pH 11.3 required 64 ninutes to destroy . 

¡etie_s spores. The swae concentration at pH 7.3 required only 20 

seconds. Johns (116, p.39) foi.ind teat at 20° 0., the destruction of 

. cali was decreased by increased pH. However, at 50° 0., the 

reverse was tr-e. M. yo nes var. aiireus, on the other hand, was 

destroyed less rapidly as the pH increased at both texaperatures. 

o1f and. Cousin (234, p.755) determined that the optimuuÀ pli for 

the destruction of pyoenes var. aureus by hypochlorites was de- 

pendent upon the concentration of the germicide. timum kills for 

25, 50, 100, and. 200 ppm chlorine were obtained at pli 9,4, 9.8, 10.5, 

and 11.0 respectively. The fact that the influence of the pH of the 

chlorine solution was even greater than that of the concentration o± 

the geraicide was shown by Johns (il?, pp.589, 590). Scales and. 

Keap (200, p.219) found by laboratory and plant tests that 50 ppm 

cAlorine at pH 6.0 would produce as satisfactory erxaicidal results 

as 255 ppm at pli 10.0. 

Wrikit (237, p.l666) conclu4ed that the mode of action of 

chlorine was dependent upon the pH. In an acid solution the mode of 

action was believed to be chlorination; whereas, in an alkaline 

solution, it was believed to be oxidation. 

Eggerth (55, p.158) showed that soaps containing short chain 

fatty acids were most active germicidally in acid solution. However, 
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tkLe long chain fatty acid soaps were most active in alkaline solution. 

Several workers (8, p.269) (7?, p.324) (78, p.91) (79, p.253) (oi 

p.618) found that tae anionic wetting agents haã greater germicidal 

activity in acid. solutions. n exception to this rule was obtained 

by Sreenivasaya et ai. (209, p.1708). They showed that tobacco 

mosaic virus was not disintegrated by sodium doecyl sulfate below 

pH 7.0. The best disintegration was obtained, at pH 8.0. 

Baker et al. (8, p.269) and. Geranenfeld and. Mi].anick (7?, p.324) 

claimed that the cationic germicides were most active in alkaline 

solutions. Yenson (238, p.813) showed that cationic detergents 

produced tne greatest amount of protein precipitation at pH 9.2 to 

11.0. Johns (121, p.28) demonstrated that the germicidal activity 

of QA0 increased as the pH rose. According to i(idenour and Armbruater 

(194, p.510) the efficiency of these compounds against . typhosa 

was greater as tne pH increased with a marked increase at pH 9.0. 

$iullarly, Gersiaenfeld and Ibsen (76, p.298) found the greatest 

activit, against . var. aureus at pH 9.0. The activity 

progressively decreased to pH 5.0. .lkrl diinetnyl benzyl amnonium 

chloride was proven by Dunn (51, p.50) to be more active against 

. var. aureu, . subtilis, and .. coli at pH 8.9 than at 

pH 6.4 or pH 1.3. iisno and Poter (183, p.115) showed that cetyl 

pyridinium chloride was an active germicide between pH 2.0 to 10.0. 

However, the relative activity over this range was not determined. 

Probably tne most comprehensive study on the effect of pH on 

AC was ¿nade by Hucker al. (107, pp.10-20). They found that the 
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optimum pH was dependent upon the conpound studied. Those most 

active in tie alkaline rance were MC uarto1, ai4 Qft. Ceepryn, 

Emuleept, and Hyamine 1622 were most active in tìe acid range. CTB, 

Tetrosan, Cl, and Hyamine 10 X were active in either a11ine or 

acid solution. All compo'uMs were least active at neutrality. e 

pH's used in this study were 3.0, 5.5, 7.0, and 9.0. Tae buffers to 

obtain these values were glycocoll-sodìu cnloride for pH 3.0, sodium 

citrate for pH 5.5, sodium borate for pH 7.0, and. glycocoll-sodium 

hydroxide for pH 9.0. 

2.. anic ixiatte on efficienoy. Hart and 

Stabler (96, p.'*8) showed that the addition of a small amount of milk 

to a calcium hypocb].orite solution rapidly dissipated the available 

chlorine, due to the presence of organic matter. However, heave and. 

Hoy (172, p.49) were able to add 0.2 per cent whole milk to 200 ppm 

hypochlorite solution without terially reducing its germicidal 

efficiency. These findings indicate that sal1 amounts of organic 

matter probably will not affect bypochiorites adversely, but that 

larger amounts are very detrimental. In fact, Johns (122, p.102) 

showed that the presence of 0.05 per cent skim milk potentiated the 

germicidal activity of these germicides. 

Organic material also affects the germicidal efficiency of 

organic germicides. Soaps, as shown by Eggerth (56, p.683) have 

txieir germicidal effect reduced by animal serum. Hoogerheide (101, 

p.282) found that blood serum and milk would reduce the effectiveness 

of cetyl trimethyl ammonium bromide. Cuisno and Foter (183, p.115) 
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also found tiat anina1 serw lowered the germicidal properties of 

cetyl pyridiniini chloride. Sti1ar results were obtained by ii4enour 

and ..rmbx'uster (194, p.510). iiue11er . (170, p.129) ienonstrated 

tÀat 0.3 per cent cow dung or non-fat milk soltds were required to 

first decrease tite germicidal potency of 200 ppai Q4C. MacPherson 

(149, p.200) claimed that normal organic material would not greatly 

affect trie activity of these compounds. 

A few comparisons of tne effect of organic material on bypo- 

chiorites ana Q4C xiave been made. Klarmann anci iriht (129, p.105) 

added 10 per cent horse serum and 10 per cent horse blood to chlorine 

and QC solutions. They found that tne chlorine retained only 1.5 

per cent of its original activity wnen exposed to the horse serum and 

0.5 per cent when exposed to tne horse blood. One QjC retained 3.0 

per cent and 0.6 per cent, respectively. The other QAC retained 15 

per cent and 10 per cent, respectively. Dvorkovitz and Crocker 

(52, p.11?) showed that 1500 ppm milk solids affected the germicidal 

activity of bypochiorites and Q,kC equally. Johns (122, p.1O2) 

demonstrated that both germicides retained tneir effectiveness in 

concentrations of skim milic up to two per cent. Above this concen- 

tration, hypocnlorite activity decreased rapidly, whereas QAC activi- 
ty decreased gradually. The concentration of the germicides was 

200 ppn. 

hufeot L water ions on germicidal activity. Johns (121, p.28) 

found tnat hard water decreased tne activity of both hypochiorites 

and Q4C. Shore (20?, p.68) snowed that increasing water hardness to 



400 ppm had. a great and. variable effect iii reducing the germicidal 

power of C. As shown by Eió.euour and rìbruBter (194, p.509), 

275 ppi water Ìiardzess decreased the efficiency of these coipounds. 

They found that txie calcium and manesium ions caused t.tAe decrease 

in ef±iciency. Sodium and potassium ions had very little effect. In 

later work, Arrnbru.ster and. Ridenour (2, p.105) demonstrated that 40 

ppm calcium or manesiura reduced the effectiveness of 35 p:n alkl 

dimetnyl oenzyl aimoniuin chloride from 99.9 per cent to 50 per cent 

kill. Increasir the calcitua ion above 40 pn did. not show an ad- 

ditional effect. £Lso, 10 ppm ferne ion in 200 ppm of the germicide 

decreased its ability to destroy bacteria. 1ater softening compounds 

increased the germicidal activity of water containing 75 ppm calciim, 

25 pi magnesiwa, and 2 ppm ferric ions. Mailman and Harley (154, 

p.129) also found that 85 ppm and 450 ppm narci water allowed good 

germicidal activity with alkyl diniethyl benzyl ammonium chloride when 

softened with lime-soda. 

Potentiation germicidal activi. Tobey and Orr (217, p.743) 

showed that 0.1 per cent Aerosol OT (di-octyl sodium sulfosucciate) 

increased the phenol coefficient of phenol from 1.0 to 1.8, U8 

creso]. from 2. to 4.4, and phenylmercuric nitrate from 166 to 1300. 

Orda]. L. (175, p.l24) found that tue addition of wetting agents 

to buffered solutions of pnenolic compounds increased the germicidal 

activity of such solutions. Ordal and Deromedi (174, p.298) also 

demonstrated that sodium lauryl suifonate and the d.ioctyl ester of 

sodium sulfosuccinate enhanced the germicidal activity of solutions 
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containing 2,4-dichiorophenol or 2,4,6-trichiorophenol. Their 

evidence indicated that the euhancenient of the germicidal activity 

was privari1y due to a synergistic action between the wetting agent 

and the undiasociateì phenol. Gershenfeld and Peristein (79, p.253) 

showed that Aerosol OT (di-octyl sodiwn sulfosuccinate) increased the 

germicida]. activity of phenol, mercuric chloride, Merthiolate and 

hexyiresorcinol. However, 39 other wetting agents were tested by 

Gershenfeld and Witlin (81, p.234) and they found no increased genni 

cidal efficiency with 16 phenolic, 10 mercurial and two halogen corn- 

pounds. In rnore recent work, Gersnenfeld and Sagin (80, ».233) were 

able to snow tbt Tergito]. 4 (sodiurn tetractecyl sulfate) and Tergitol 

08 (sodiun octyl sulfate) had a definite synergistic efíect against 

. tnosa with sulfuanidine. 

The effect of alr1 ary]. sulfonate on chlorine solutions was 

studied by Scales and Kemp (199, pp.206, 207). Tkiey found that it 

tended to increase activity in high pH chlorine solutions. Pabia.n 

:. (67, p.l172, 1173) added 0.5 per cent sodium carbonate, sodium 

hydroxide or trisodium phosphate to sodium bypochlorite. iey con- 

cluded. that the trisodiwa phosphate in hypocblorite solution yielded 

the most effective germicide. The sodium carbonate proved to be the 

least effective. Sodium hydroxide is itself germicidal (144, p.1365) 

(14?, p.180) (215, p.102). Trisodiuzu phosphate and sodium carbonate 

appear to be less gerrnicid.al than sodiun hydroxide. 

In tne addition of other cornpounds to QC, it is important that 

the two substances are compatible. Powney (178, p.76) showed that 

sodiun hexametaphosphate caused a precipitate with cetyl pyridiniurn 
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bronide. Tetrasodiuni pyropnosphate yielded a vlight precipitate and 

trisodiuu phosphate gave no precipitate. Maliwan . (156, p.133) 

claimed that wetting agents or polyphosphates had no effect ou QAC. 

Mailman (151, p.469) showed that sodium hexametaphosphate aided 

detergent mixtures in the removal of bacteria. Guiteras (90, p.636) 

demonstrated that when cation-active agents were used as germicides 

in detergent co&positions, it was essential that the detergent was 

emi1sifying but not saponifying. If the alkalinity of trie detergent 

was sufficiently high to saponify fat, the resulting soap would in- 

activate the cation-active agent and render the solution completely 

ineffective germicidally. The use oÍ detergent sanitizers containing 

QAC to sanitize dairy farm equipment was favorably considered by 

several workers (31, p.45) (104, (105, p.44)(181, p.13?). 

kal]n et al. (155, p.17?) indicated that these compounds yielded 

results comparable to conventional cleaning etnods using standard 

cleaner and hypochiorite gerricides. Elliker . (64, p.223) 

reported that satisfactory results were obtained on dairy farm sani- 

tation when either the standard conventional cleaner and hypochiorite 

germicide or a detergent sanitizer was used. 

Chemical determination of germicides. The iodometric method for 

the determination of available chlorine in water solution is given in 

tStandard Metkods for the Examination of Viater and Sewage (210, 

pp.98-100). This test is dependent upon the release of iodine from 

potassium iodide by the chlorine. The qumntity of iodine can then 

be titrated with sodium thjosulfate. Tests to determine free 
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chlorine In milk have been developed by Butterworth (24, p.36) and 

Rupp (198, pp.2-5) based on the above principia. 

Various test methods have been recommended for the deterrination 

of QiC. Review articles were presented by Duois (45, pp.125-141) 

(47, pp.122-125). Fianaan . (70, p.164) recommended the use o± 

Tamol N containing a brilliant biue aye. . precipitate deterxxLined 

the cjuantity of QC present in a water solution. However, the test 

is limited to certain compounds. Gain and Lawrence (74, p.526) ed 

norse serw to produce a precipitate. Du3ois (43, p.745) developed 

au arentimetric method usina eosin ano. dichiorofluorescin indicators. 

He recommended tne test as a supplementary control over the quality 

oÍ commercial compounds. Iodine titration methods were suggested by 

DuBois (42, p.246) and Hager et al. (91, pp.886, 887) when the type 

of compound is known. 

Most test methods are based on the findings of Hartley (9?, 

444-450) and Hartley and Runnicies (98, pp.424-438). They found that 

paraffin chain cations had a significant effect on the color of 

certain indicators. Bromphenol blue proved to be most suitable in 

determining tne presence of these compounds. Brooks and Hunker (19, 

p.137), Cucci (36, p.130) and Krog and Marshall (138, p.346) utilized 

this principle in developing tests for the determination of QAC prep- 

arations. All three methods were recommended as rapid field tests, 

and tnerefore, are not so accurate as mignt be desired. Auerbach 

(4, p.493) (5, p.739) developed a laboratory test for C in dilute 

solution. His principle was to dissolve tue cation in ethylene 

dicnloride and determine with a photocolorimeter the color derived 
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by the addition of broinphenol blue. The quantity present was de- 

mined by conaparison with iiown standards. The quantity had to be 

less than 20 ppm. Colichnan (30, p.431) modified tnis method to 

include quantities between O and 500 ppm. Wilson (232e pp.315-326) 

(233. pp.481-483) developed a test for the presence of Q)O in various 

foods including milk. His test for fruit juices was iziodified by 

Harris (93, pp.310, 311). Phe test was dependent upon the reaction 

of the quaternary nitrogen in weakly alkaline solution with bromphenol 

blue to form a prothict soluble in ethylene cnloride. However, on the 

basis of data obtained oy cooperating investigators, Wilson (233, 

p.483) suggested that furtner studies be carried out before recoin- 

mending this procedure as an official method for milk. Harper 

(94, pp.159, 160) developed a rocedure using eosin-yellowish as an 

indicator and tetrachiorethane as a solvent. The test was based on 

trie Zormation of a red precipitate between the dye and the Q,C. The 

quantity of cation can be determined by titration to a colorless end 

point with an anionic surface active agent. 

DuiBois and Dibblee (49, p.265) claimed that the Hartley-Hunnicies 

method could be used to detect QC in milk at dilutions of 1:1000 

(1000 ppm) to 1:20,000 (so ppm). However, this claim nas not been 

verified by other workers. 
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PART I 

GERMICIDAL ACTIVITY OF VARIOUS OCk[LORITES AiD Q.UATERNARY AMMONIUM 

COMPOUNDS ON DIFFERENT SPEC lES OF BACTERIA 

Any study on the activity of germicides taust consider the fact 

tn.at tnere ay be variations in efficiency when different species of 

organisrs are used. Also, differences may occur with the same 

species when a particular type of germicide varies in its chemical 

configuration. Tie available Q,&O preparations vary greatly in this 

property. The literature on these compounds is not in full agreement 

as to their effectiveness when different species of bacteria are 

tested. Some of this lack of agreement is due to the method of 

determining germicidal activity. Some, apparently, is due to the 

failure to study sufficient nuathers of bacterial species. This study 

was undertaken to provide additional information on relative germi- 

cidal activity of different ACs on selected species of bacteria 

representative of a number important in tue dairy industry. 

There has been a need for a direct comparison of germicidal 

activity of QACs and the conventional hypochiorites used for dairy 

and. food plant sanitation. With this in mind, a representative sodium 

hypocnlorite (NaClO) was included in the germicidal stuhies. Lithium 

nypochlorite (LiGiO) has snown some advantages in soiubility over 

some commercial bypochiorite preparations. It has not been accepted 

for use as a sanitizer on dairy and food equipment. However, studies 

on its germicidal activity were carried out because of its possible 

future importance. 
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MAEiiIALS AND EThODS 

Oranisxns. The organisais se1ecte. for this study were .. cA, 

erobacter aerqenes, P. aerio, j. pyogenes var. aureus, and a 

Sarci species. The cultures were grown on nutrient agar slopes, 

and were transferred daily througnout the experiment. Periodical 

aiicroscopic exaninations were ivade to cnake certain that the cultures 

remained pure. 

Germicides. Tne QACs used in tuis experiment were comraercial 

preparations of methyl dodecyl benzyl triniethyl amraoniuxn chloride, 

((AC i), para di-isobutyl phenoxy ethoxy dimethyl benzyl ammonium 

chloride (QC 2), alyl dinietnyl benayl ammonium chloride (Q,iC 3), 

and. alyl dimethyl ethyl ben;yl ammonium chloride (C 4). A de- 

tergent sanitizer (DS) containing 10.? per cent para di-isobutyl 

phenoxi ethoxy dimethyl 'benzyl ammonium chloride also was used. The 

remainder of this preparation included about five per cent nonionic 

wetting agent and the remainder was tetrasodiuia pyrophospbate. The 

NaClO employed for comparison witn Q4Cs was a liquid preparation. 

Previous studies indicated its germicidal activity to be representa- 

tive of a number of the more active commercial products. The trade 

name for this product was X-4, and it carried 4.62 per cent available 

chlorine. The LiGiO was provided in the form of a powder by Klenzade 

Products, Inc., and carried 50 per cent available chlorine. 

The desired concentration of germicide was obtained by the 

addition of the anoumt recommended by the manufacturer to distilled 

water, The concentration of this solution was established by 
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titration. For tne SACs, the test aethod. recowmended by Harper 

(94', pp.159, i&o), and. for the byoch1orites, the thiosulfate 

titration 2iO, pp.98-100) were used. 

Inactivator solutions. The inactivator for the QCs contained 

2.222 grwns of lecithin and 15.8 ml. Tween 80 per liter of distilled 

water. T'ne hypochlorites were inactivatea. by 80 milhigrans sodi 

thiosuiphate per liter of distilled water. Each inactivator contained. 

1.25 ml. M/4 phoaphate buffer per liter, to give a pH of 7.2. This 

pH was adjusted with a Becan pH meter. The inactivator was pipetted 

in nine ml. portions into a test tube and sterilized. in an autoclav 

for 20 minutes at 15 pounds pressure. 

MetkLoci L testixg rmicida1 jvit. The test method. reported 

by weber and. Black (209, pp.1'±06-1415), with a few modifications was 

used. to determine the efficiency of the germicides. The test organism 

was grown for 24 hours in nutrient broth at 320 0. It then was 

transferred to a nutrient agar slope, which was incubated for 24 

nou.rs at 320 0. Lbont five nil, of sterile water from a water blank 

was added to the slope, the organisms were removed by the use of a 

sterile needle, and then were poured back into the water blank. The 

suspension was filtered. by suction through filter paper to remove 

clumps. It then was adjusted with a 3ecioan spectrophotometer at 

440 'nu. wave length so that it would contain 200 x 10 organisms per 

ml. Five rai. of this suspension was pipetted into a sterile glass- 

capped 25 X 150 . test tube. Care was taken to insure that the 

pipette did not touch the wall of the tube. 



38 

The germicide aid concentration of bacterial cells to be testeo. 

both. were made up to double the desired concentration. Five ml. of 

the germtcid.e was rapidly pipetted. into the medicinal tube containing 
five ml. of the bacterial suspension. Test materials were maintained. 

at 25 C. throujiout the experiment. By the use of an electric timer, 

one ml. of the mixture was transferred to nine ml. portions of 

inactivator at 15, 30, 60, 120, and 300 seconds. 

After the germicide had been inactivated, the inactivator tube 

was plated in tryptone, glucose, beef extract (TE) agar containing 

one gran lecithin and. seven ml. Tween 80 per liter. e plating 

dilutions were 10, io2, io-3, and 10. The plates were incubated 

for 43 hours at 32° 0, .nd counted. Plate counts of the original 

bacterial suspensions also were made. The per cent of organisms 

killed was calculated from the number of original bacteria in the 

suspension and tne number of surviving bacteria. 
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BESULt1$ 

Concentrations of 50, 100, and 200 ppm of NaClO produced 100 

per cent kill in every instance wits E. . aeroenea, . 

M. qnes var. aeus, and Sarcin sp. exposed for the 

raininium period of 1 seconds. 

Prie activity of various concentrations of the other 4 ericides 

on five different bacterial species are snown in tables 1. to 4. The 

tabulated figures are the average of three separate deterninations. 

The activity of lithium hjpocr1orite on trie se organisns at the 
sarae concentrations is shown in table 1. Iii all cases except with 

50 ppm on . aerwcirrosa, 100 per cent kill was obtainea with an 

exposure of 15 seconds. . winosa required 60 seconds to effect 

100 per cent kill. However, at 15 and 30 seconds, 99.999 per cent of 

tne organisms were destroyed. 

Table 2 shows the effect of a11 dimetbyl benayl ammonium 

chloride on the same organisms at the same concentrations as that 0±' 

tue sodium hypochiorite. At a concentration of 50 ppn, the QA0 re- 

quired 30 seconds for . aeroenea, 60 seconds for Sarcina sp.,and M. 

pogenes var. aureus, 120 seconds for . and 300 seconds for 

. aeru.ginosa to produce 100 per cent kill. With the exception of . aeruimosa, 100 ppm and 200 ppm concentrations destroyed 100 per 

cent of all organisms in 15 seconds. This organism required 60 and 

30 seconds, respectively, for 1°0 per cent kill. These results 

indicate that P. gnosa was very much more resistant to this 

compound toan were the other four organisms. . coli was next most 



TABLE i 
iate of destruction of five different bacterial species lithii 

.ypocÌ1ori ruiçide. 

Per cent orauisrns killed at following - 
Cone. of exposure periods in seconds; 

.. co]4 50 100.000 100.000 100.000 100.000 100.000 

A. aerogenes 100.000 100.000 100.000 100.000 100.000 

j. aeruginosa 99.999 99.999 100.000 100.000 100.000 

Sarcina sp. 100.000 100.000 100.000 100.000 100.000 

. pyogenea var. aureus 100.000 100.000 100.000 100.000 100.000 

!. coli 100 100.000 100.000 100.000 100.000 100.000 

. 
aerogenes 100.000 100.000 100.000 100.000 100.000 

i aeruinosp 100.000 100.000 100.000 100.000 100.000 

Sprema sp. 100.000 100.000 100.000 100.000 100.000 

1L. oenes var. aureus 100.000 100.000 100.000 100.000 100.000 

ì. coli 200 100.000 100.000 100.000 100.000 100.000 

Á aeroenes 100.000 100.000 100.000 100.000 100.000 

P. peruinpsa 100.000 100.000 100.000 100.000 100.000 

arcina sp. 100.000 100.000 100.0(X) 100.000 100.000 

I. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 
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ThBI 2 

Rate of destruction of five different bacterial species a1]'l 
dimethyl benzyl azmoniia chloride 

Per cent organisms killed at following 
Conc. of exposure periods in seconda: 

E. coli 50 98.362 99.881 99.998 100.000 100.000 

Â. aerogenes 99.999 100.000 100.000 100.000 100.000 

P. aeruginosa 99.795 99.983 99.998 99.997 100.000 

Sarcina sp. 99,993 99.999 100.000 100.000 100.000 

M. pyogenes var. aureus 95.296 99.961 100.000 100.000 100.000 

.. coli 100 100.000 100.000 100.000 100.000 100.000 

A. aerogenes 100.000 100.000 100.000 100.000 100.000 

-. aeruginosa 99.998 99.999 100.000 100.000 100.000 

Sarcina sp. 100.000 100.000 100.000 100.000 100.000 

!. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 

i' coli 200 100.000 100.000 100.000 100.000 100.000 

& aerogenes 100.000 100.000 100.000 100.000 100.000 

! aerinosa 99.999 100.000 100.000 100.000 100.000 

Sarcina sp. 100.000 100.000 100.000 100.000 100.000 

. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 
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resistant, and . aeroenes was least resistant. The Sarcin, sip. 

and ii. yoenes var. aureus showed about equa1 resistance. These two 

species were more resistant than . roenes, but less resistant 

than P. aeruinosa ana E. coli. 

The activity of para di-isobutyl phenoxy ethoxy dimethyl benzyl 

auuioniwn chloride at three concentrations against five organisms is 

shown in table 3. A concentration of 50 ppm did not destroy 100 per 

cent of the aeruginosa cells in 300 seconds. It did destroy 100 

per cent of the . o1i, Sacina sp. and . pyoenes var. aureus 

cells in 120 seconds. Â. aeroenes required only 30 seconds for 100 

per cent kill. The 100 ppm concentration did not destroy 100 per 

cent of the P. aexiiginosa cells in 300 seconds. It did destroy 100 

per cent of the cells of . coli and . yoenes var. aureus in 30 

seconds, axa of . aeroenes and Sarcina sp. in 15 seconds. A period 

of 300 seconds was required to destroy 100 per cent of the cells of 

. aerwUnosa with 200 p. However, the 4 other species tested were 

destroyed in 15 seconds by 200 p. 
Table 4 shows the effect of three concentrations of a detergent 

sanitizer containing para di-isobutyl penoxy etboxy dimethyl benzyl 

ammoniuo chloride on five species o± bacteria. A QC of 50 ppa 

killed 100 per cent oÍ the cells of . coli, Á.aeroenes, and . 

pyoenes var. aureus in lb seconds. P. aerginosa required 120 

seconds, and Sarcina sp. 30 seconds for 100 per cent destruction. 

The latter two organisms were completely destroyed in 30 seconds by 

lOO ppm of the (AC. A concentration of 200 ppm killed all species in 

15 seconds. Again, P. aeru,inosa showed the greatest resistance to 
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TABLE 3 

Rate of destruction of five different bacterial species para di- 
isobutyl pkieno ethor dimethi, benzy anmonii chlorid. 

Per cent organisas killed at following 
Conc. of exposure periods in seconds: 

!' 2.2! 50 99.?60 99.995 99.999 100.000 100.000 

À aerogenes 99.999 100.000 100.000 100.000 100.000 

.. aeruinosa 92.231 93.615 95.846 98.208 99.231 

Sarcina sp. 99.983 99.998 99.999 100.000 100.000 

j_. iyogenes var. aursus 96.300 98.720 99.980 100.000 100.000 

! coli 100 99.998 100.000 100.000 100.000 100 .000 

A. aerogenes 100.000 100.000 100.000 100.000 100.000 

P. aeruginosa 94.692 98.131 99.26? 99.739 99.654 

Sarcina ap. 100.000 100.000 100.000 100.000 100.000 

M. pyogenes var. aureus 99.340 100.000 100.000 100.000 100.000 

.. coli 200 100.000 100.000 100.000 100.000 100.000 

À aerogenes 100.000 100.000 100.000 100.000 100.000 

Ä:. aeruginosa 99.812 99.938 99.995 99.999 100.000 

$arciva sp. 100.000 100.000 100.000 100.000 100.000 

. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 
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____ of esti'uction five different bacterial species detergent 
sanitizer containing para di-isobuty pheno etho dimetbyl benzyl 

amnionium chloride 

- 
Per cent organisxis killed at following 

Conc. of exposure ierioàs in seconds: 
rganisxn QA.Q . 15 30 60 120 300 

(22& () () () () () 

.. coli 50 100.000 100.000 100.000 100.000 100.000 

.. aerogenes 100.000 100.000 100.000 100.000 100.000 

.. aeruginosa 99.998 99.999 99.999 100.000 100.000 

Sarcina sp. 99.996 100.000 100.000 100.000 100.000 

M. pyogenes var. aureus 100.000 100.000 100.000 100.000 100 .000 

L coli 100 lOOOOQ 100.000 100.000 100.000 100.000 

A. aerogenes 100.000 100.000 100.000 100.000 100.000 

P. aeruginosa 99.998 100.000 100.000 100.000 100.000 

Sarcina sp. 99.999 100.000 100.000 100.000 100.000 

M. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 

.. 2L 200 100.000 100.000 100.000 100.000 100.000 

-. 
aerogene 100.000 100.000 100.000 100.000 100.000 

..! aeruginosa 100.000 100.000 100.000 100.000 100.000 

Sarcina sp. 100.000 100.000 100.000 100.000 100.000 

M. pyogenes var. aureus 100.000 100.000 100.000 100.000 100.000 
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tne ÀC germicide. 

An attenipt to snow tne variation in germicidal activity by 

different compounds is presented in table 5. QC 1, QAC 2, DS, NaC1O 

and LiC1Q values are the safle as those found i-n tables i to 4 for 

. co3. QJC 3 and QA.0 4 values were obtained froLa other experthental 

problems presented in tnis thesis. The values given are tne average 

of three separate trials. 

The 50 ppm concentration figu'es snow most strikingly the 

difference in activity of the various germicides. QÁC i did not 

destroy 100 per cent of the . coli cells in 300 seconds. Q)0 2 and 

(C 3, on tue otner hand, killed 100 per cent of the cells in 120 

seconcis, QAC 4, as well as both tne hypochiorites ana the detergent 

sanitizer completely destroyed the organieni in lb seconds. Tne 

detergent sanitizer contained Q40 2 as te germicidal agent. It 

appeared teat sorne factor in the detergent sanitizer must nave 

potentiated the activity of the AC against the organism. 

C 1 also was less active at a concentration of 100 ppm. It 

requ.ired 120 seconds to kill 100 per cent of the . cells. QC 

2 required only 30 seconds to destroy 100 per cent of the cells, and 

all other compounds required only 15 seconds. QAC 1 was the only 

compound which did not destroy 100 per cent of the organisms in 15 

seconds when a concentration of 200 ppm was useã. It required 30 

seconds. 

- comparison of effect of' NaClO on . aerinosa in tnis section 

a-nd results in tables 19 and 29 demonstrate that NaC1O was more 

germicidal under all conditions of exposure than tue most active (AC. 
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TABLE 5 

kate of destruction of Escherichia coli ious aoni 
and och1orites 

Per cent organisms killed at following 
Cone. of exposure periods in seds: 

ermicide 15 30 60 120 300 (r () () () - () 
QAC i 50 9l.60 99.541 99.983 99.994 99.998 

AC 2 99e?60 99.995 99.999 100.000 100.000 

Q,AC 3 98.362 99.881 99.998 100.000 100.000 

QC 4 100.000 100.000 100.000 100.000 100.000 

DS 100.000 100.000 100.000 100.000 100.000 

NaClO 100.000 100.000 100.000 100.000 100.000 

LiCÌO 100.000 100.000 100.000 100.000 100.000 

Q.AC i loo 99.946 99.998 99.939 100.000 100.000 

QC 2 99.998 100.000 100.000 100.000 100.000 

3 100.000 100.000 100.000 100.000 100.000 

AC 4 100.000 100.000 100.000 100.000 100.000 

D$ 100.000 100.000 100.000 100.000 100.000 

NaC1O 100.000 100.000 100.000 100.000 100.000 

14010 100.000 100.000100.000 100.000100.000 

C i 200 99.997 100.000 100.000 100.000 100.000 

AC 2 100.000 100.000 100.000 100.000 100.000 

Q.AC 3 100.000 100.000 100.000 100.000 100.000 

Q.AC 4 100.000 100.000 100.000 100.000 100.000 

DS 100.000 100.000 100.000 100.000 100.000 

NaClO 100.000 100.300 100.000 100.000 100.000 

LiC1O 100.000 100.000 100.000 100.000 100.000 
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DISCUSS ION 

A1thou:h the results in this section do not snow it, various 

changes in resistance of an organism can be observed over a long 

period of time, even though every attempt is made to keep all factors 

constant. This phenomenon was particularly noted with. aeriinosa, 

which slowly became more resistant over a period of several months 

with daily transfer of tne stock culture on nutrient agar. This shift 

in resistance did not affect the resuitz of this study, but it i 

considered significant where comparisons are made in sections of an 

investigation carried out over extended periods. 

The available literature is not in complete agreement as to the 

relationship of tne Grain reaction and the efficiency of Q.Cs. In 

general, it seems to favor the belief that these compounds are more 

effective against Gram positive than against ram negative organisms. 

Unfortunately, many of the conclusions have been based on the use of 

. coli and. . poenes var. aureus alone. In such comparisons, 

. li usually has shown greater resistance to tne QCs. 

A second factor wziich has led to erroneous conclusions in 

evaL.iation of germicidal activity of QCs is the method of testing 

employed. iost early experimental work on QACs used the phenol 

coefficient, It now is fairly well agreed that the phenol coefficient 

does not yield. accurate results for the activity of ACs and hypo- 

cnlorites. The consistent results obtained with the Weber and Black 

procedure in these studies indicate triat it should. provide a more 

reliable estimate of germicidal activity of QO and rpoch1orites in 
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laboratory trials tnan the phenol coefficient or other earlier 

ethoda. 

The data presented here indicates that the germicidal of±icienoy 

of QCs is not necessarily related to the properties of tue cell 

contriouting to tne Grasa reaction. Of tne five organisms studied, 

on. Gram negative species was less resistant and two Gran negative 

species ìore resistant to QAC action tnan tne two Graai positive 

organisais. There is no apparent explanation Thr the markedly greater 

resistance to QAC of P. aeruinosa than te other species studied. 

It is possible that the critical enzyme systems of . inosa are 

less affected than those of other species. ior of Knox (l2, 
p.456) suggests lactic acid oxidase of . coli to be tie critical 
enzyme system affected by QC with tuis organisxn. Enzyme studies on 

.. aeruinosa may establish t1e difference in effect of QA.0 on this 

soecies and a aore susce?tible organism as, for exaiple, E. coli. 

The superiority of the NaClO (and LiGiO) over all QJA.0 prepa- 

rations is contrary to reports of some investigators. However, tne 

results have been highly consistent and. have been repeated in a 

number of different trials. The deber and Black niethod is believed 

to provide a truer picture of activity by gerniicidal solutions. At 

least sonie of the discrepancy in previous reports may be traced to 

faults in niethod of assessing germicidal activity. Tue hi re- 
sistance of species such as . aerinosa, which closely resenibles a 

number of food spoilage bacteria suggests that the QC carries aonia 

liability wnen eniployed as tne sole sanitiziig agent in a dairy or 

boa equ.ipxaent sanitizing program. There always exists the 



possibility that, un1es cleaning procedures are thorough, certain 

sdomonas species may survive the sanitization step ande 'Dy fl 

adaptation process, gradually accmu].ate in increastz numbers on 

QÀ0 aanitiod equipixent. Suckì an accu'ii1ation of resistant strains 

or adaptation to increasingly greater concentrations of germicide 

should be less 1iely to develop in the case of NaC1O. This ay be 

related in part to the fundamental action of the two types of 

germicides on specific enzyme systems of bacterial cells. 

Differences in germicidal activity between trie various QACs aree 

without question, related to stru.cture of the QC molecule. The 

a].icyl diinethyl benzyl type appears to produce a more germicidal 

compound than the para di-tsobutyl phenoxy ethoxy dimethyl benzyl 

aamionhixn chloride and methyl dodecyl beuzyl trimetbyl amaoniuxa chloride. 

The a].icyl dimethyl benzyl molecule with the addition of an ethyl 

group appears to show a marked increase in germicidal activity. 

The results suggest that other modifications in structure of the QAC 

molecule are possible, and. that the limit of germicidal activity by 

the QC as such have not necessarily been reached. 

The effectiveness of tne detergent sanitizer studied indicates 

that some factor present in the mixture endanced its activity. There 

are tiree possibilities as to reasons for this greater activity. 

(i) The pI is higher than normally found in a QC solution. (2) The 

mixture contains a wetting agent. (3) Presence of tetrasodium 

pyrophosphate may enhance activity. The role of these factors will 
be discussed more fully in Section IV. 



SUMAY CO1CLUSIOS 

odiurn Ijpocb.].orite in a concentration of 50 pn aestroyed al]. 

cella of ;j. . aerogeries, aerinosa, Sarc sp., and . 

var. aureus in 15 seconds when tested by the Weber and Black 

method. LiClO was almost as effective as the NaClO. ne one ex- 

ception was that LiClO required 60 seconds to kill all . ruinosa 
cells; whereas, NaClO destroyed them in 15 seconds. 

ALcyl dimethyl benzyl ammoniwa chloride and para di-isobutyl 

phenoxy ethoxy dimetbyl benzyl amnonium chloride were most effective 

against A. aerogenes aM least effective against P. aeruginosa. 

Â detereit sanitizer containing para di-isobutyl phenoxy ethoxy 

diniethyl benzyl ammonium chloride destroyed all cells of . 

À. aerogenes and . qgnes var. aureus in lb seconds when present in 

a concentration of 50 ppm. P. einosa required 120 seconds aM 

sp. required 30 seconds. 

Concentrations of 50 ppm sodium hypochiorite, lithium bypo- 

chlorite, a1kr1 dinìetkìyl ethyl beuzyl ammonium chloride, and a 

detergent sanitizer containing para di-isobutyl phenoxy ethoxy 

dimet.ayl benzyl ammonium chloride destroyed all cells of . coli in 

15 seconds. Alkyl dimetbyl beuzyl ammonium chloride, para di-isobutyl 

phenoxy etìioxy benzyl ammonium chloride aM methyl dodecyl benzyl 

trimethyl ammonium kfloride followed in decreasing sequence in 

germic id.al efficiency. 

There did not appear to be a close relationship between the 

Gram reaction and susceptibility of the species to QAC germicides. 
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The detergent sanitizer showed strikingly greater germicidal 

activity than the unfortified QC from which it wae prepared. 
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PART II 

ETECT OP TTING AGENTS ON THE GERÎ ICIDÁL ACTIVITY OP HYPOClUORI. 

Information in the literature indicates tìie possibility that 

the activity of various geruiicides can be enhanced y the presence 

of wetting agents. (ai, p.234) (17ö, p.124) (199e p.206) (217, p.743). 

Most of tne wort has been done on pkeno1ic type coiiipouná-s. The 

reports available suggest that germicidal activity of hypochlorites 

mikit be increased by presence of a wetting adent, provided the 

wetting agent did not inactivate trie chlorine compound. This would 

be particularly iiuportant under conditions which require the chlorine 

to destroy organisms that nave dried. on equipment in tne forni of a 

film. The wetting agent should allow the germicide better access to 

the organista by loosening the film from tne surface of the equipment. 

It is also possible that surface tension reduction would affect 

tue action of chlorine on the organism itself. Therefore, the 

following experiment was attempted to determine whether or not 

wetting agents would affect the activity of hypochiorites against 

organisms in a water suspension. 
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M4TERIÁL ÁLD METHODS 

Organisnis. The oranisas selected for t2i8 StUdJ were Micro- 

caseolyticus and. a spore suspension 0±' Baci1is cereus. ie 

. £.Qticus was transferred daily throuXiout the entire experi- 

ment on nutrient agar slopes and was incubated at 320 Q The . 

cereus cultures were growu for seven days iì nutrient broth at 280 C. 

The culture was agitated on a mechanical sha. er during te entire 

growth period. .fter seven days of growth, tne culture was heat 

shocked at 800 C. for 10 miirntes. Trie spores were recaoved by cen- 

trilu.gation, ath were washed three times with sterile water to remove 

any organic material which might inactivate cilorine. They finally 

were suspended in sterile water. This suspension contained 170 x 

spores per ml. and was used during the entire experiment. 

Germicides and A cornrercia1 liquid sodiums hypo- 

chlorite (X-4) was used during most of the experiment. A few triais 

were completed using 2 coracercial calcium hypochiorites. One of 

these was loBax Special, a 50 per cent available chlorine calcium 

hypochiorite. The second was LoBax 21, a 21 per cent available 

chlorine calcium ny,mocniorite witn 6 per cent sodium, decy]. benzyl 

sulfonate. 

The following anionic wetting agents were used: Nacconal MX 

(alicyl aryl sul±'onate), Nacconal 1RCL (alkyl aryl sulfonate), Nytron 

( mixture of su].fonated ketones, amines1 and alkyl sulfamates), 

Stepanate (alr1 aryl suifonate). Alkanol DM (a1r1 aryl sulfonate), 

Kleer Mor (a]irl aryl suifonate), Kleer Mor Special (alir1 aryi 
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su]îonate), Diiponal ?aete (sodiwii sulfated mixed alconol), anu. It].89 

(saturated hydrocarbon sodium su]îonate). The nonionic agents 

available were: Igepal CA Extra (alkyl aryl polyethylene 4ycol 

etaer) Santoixerse I (alicyl ai-yl soàii suJfonate), Neutronyx 600 

(aromatic poiy 1yco1 ether), Sterox CD (polyoxyethylene ether) and. 

X-100 (alkylated aryl polyether alcohol). All germicide and wettix 

agent solutions and combinations of these were prepared with distilled 

water. 

Method 2.. determination. In order to determine the effect of 

the wetting agents on available cn1orine the 1 compoinds were added 

to individual solutions containing 50 ppm of sodium hypochiorite to 

provide concentrations of wetting agents of 0.01 and 0.10 per cent 

in the final germicide solution. .th e solutions were titrated for 

available cnlorine by the tniosulfate method (210, pp.98-lOu) immedi- 

ately following the addition of trie wetting agent and. after 6, 24, 

48, and 168 hours of exposure. The solutions were stored in the dark 

to prevent destruction oi tne chlorine by sunlit. Nacconal NRCL, 

Santomerse 1, Stepanate, Alkanol Da ana X-100 were chosen for 

furtaer study on the basis of tue data obtained in tnìs experiment. 

The method of determining the germicidal activity of the bypo- 

chlorite wetting agent mixture was siailar to that deacribed in PART 

I. Witnout adjusting the pH, effect of final concentrations of 0.05 

and 0.01 per cent of wetting agent in 2,5 ppm of sodium hypochiorite 

was tested against M. caseolyticus. The activity was so great tnat 

no material difference could be noted between mixtures. Tnerefore, 
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the pH of the mixture was adjustea. to 10.0 with sodium hydroxide, and 

the final concentration of sodium iirpoch1orite increased to 50 ppm 

in order to use tne minimurn concentration recommended for sanitizing 

procedures. Tne same quantity of wetting agent was added to the 

solution. 

Solutions containing concentrations of 0.01 and 0.05 per cent 

wetting agent in 200 ppm sodium nrpochlorite were tested against . 

cereus spores. The only cnange in the test method was tnat the 

exposure times were 0.5, 2.0, 5.0, 10.0, and 20.0 minutes. The pH 

of the mixture was adjusted to approximately 9.0. 

In order to obtain the desired pH of a germicidal solution, the 

mixture was adjusted just previous to use with hydrochloric acid or 

sodium hydroxide. The of medicinal tube was determined after 

the test had been completed, and tiii latter figure was recoraed as 

the pH of the reaction. A Becan glass electrode pH meter was used. 

The concentrations of hyoch1orite were adjusted according to 

the directions of tne manufacturer. The actual concentrations were 

verified with tne thiosulfate test (210, pp.98-100). 
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BESULTS 

The effect of 14 different wetting agents oi tae available 

chlorine concentration of sodium hypochlorite solution are shown in 

table 6. After an exposure time of 48 iours, Igepal Cá Extra, Nytron 

and. Sterox CD had. caused material decreases in the available chlorine 

coacentration, even tnoth only 0.01 por cent of the wetting agent 

was present. All other agents tested di4 not show this decrease when 

present in SUCÀ1 a low concentration. However when 0.10 per cent 

wetting agent was added to the nypochiorites, only Stepanate and. 

Th.iponal .Easte did not cause a material decrease in availle chlorine. 

Tue higher concentration of Igepal CA Extra, Neutronyx 600, Sterox 

CD, and. X-100 affected the chlorine content almost irnxiediateiy. The 

reuction in chlorine continued as the exposure tine increased. 

Nytron at this concentration, completely neutralized the available 

chlorine imnediately. The reason for this is that the Xytron contains 

a small amount of thiosulfate. 

Table 7 snows the activity of 25 pm sodium hypochiorite plus 
5 different wetting agents on j. caseolytiç at a pH of approximately 

8.0. The values presented are the average of two separate determi- 

nations. The sodium hypochiorite, alone and in combination with 

Santomerse i or X-100, destroyed all cells in 15 seconds. The 

original concentration of bacterial cells was 100 x i06 per mi. When 

iacconal, ..lkanol, and Stepanate were added to tne hypochlorite, it 

required 30 seconds to destroy all bacterial cells. However, the 

number of cells remaining after 15 seconds exposure was so small that 
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T.â.BLE 6 

ffec ad.dit icm various viettin nt S On ypi1 b1 rthl nl!ilLe 

øoxcentrtion of sodiwi yppch1orite so1vtions 

ppm of available chlorine after fo11owin 
Wetting agent lioirs of atorae: 

1one - 50 52 48 48 48 

Nacconal X 0.01 53 55 54 50 43 
0.10 48 41 10 0 0 

Nacconal NROL 0.01 52 53 50 56 42 
0.10 49 50 40 5 0 

Iepa1 CA xtra 0.01 33 34 26 21 3.1 

0.10 28 18 0 0 0 

Santoinerse # i 0.01 55 53 
0.10 53 50 38 1? 0 

1ytron 0.01 49 48 33 30 32 
0.10 0 0 0 0 0 

Stepanate 0.01 50 48 44 48 48 
0.10 45 45 43 41 34 

Alkaiiol DM 0.01 54 50 50 50 48 
0.10 51 40 27 28 25 

Neu.troiyx 600 0,01 44 43 43 43 3? 
0.1.0 30 24 19 18 0 

Sterox 01) 0.01 37 42 34 26 16 
0.10 16 11 0 0 0 

¡leer Mor 0.01 49 51 53 49 50 
0.10 40 40 18 0 0 

K].eer Mor Special 0.01 56 50 48 48 4? 
0.1.0 45 46 24 9 0 

Dupona:L Paste 0.01 49 51 48 48 45 
0.10 54 51 50 49 45 

x-100 0.01 48 4? 53 42 54 
0.10 19 16 12 4 0 

MP 189 0.01 53 55 54 56 52 
0.10 40 20 1? 16 2 
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7 

Iate of d.estruction of xicrococcus caseolyticus coibination 
o. soìium ypoc21orite with various add.ed wet tixg agents 

- - - 

Cone. of Per cent organisaiskilled at followixig 
Wetting wetting exposure periods in seconds: 
aent agent pH 15 3O 60 12O 3OO 

() ( () (!) () () 

None - 82 100.000 100.000 100.000 100.000 100.000 

acoona1 0.05 8.1 99.998 100.000 100.000 100.000 100.000 

0.31 8.8 99.999 100.000 100.000 100.000 100.000 

.Aìkanol 005 8.0 99.999 100.000 100.000 100.000 100.000 

0.01 8.3 99.817 100.000 100.000 100.000 100.000 

Stepanate 0.05 8.1 99.993 100.000 100.000 100.000 100.000 

0.01 8.0 99.994 100.000 100.000 100.000 100.000 

antoxnerse 0.05 8.3 100.000 100.000 100.000 100.300 100.000 

0.01 8.4 100.000 100.000 100.000 100.000 100 .000 

X-100 0.05 8.2 100.000 100.000 100.000 100.000 100.000 

0.3]. 8.2 100.000 100.000 

- 

100.000 
- -i---- 

100.000 
- 

100.000 
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no definite conclusions can oe drawn. 

The effect o± adjusting a sodium hypochiorite to a pH of approxi- 

mate].y 10.0 is snown in table 8. The values presented are trie average 

oÍ' three separate doterraínations. Even though the concentration of 

tne gernieide was increased to 50 ppin the destruction of . 

caseolytious was not so rapid as at pH 8.0 wen 25 ppm was present. 

With tne exception of X-100, there does not appear to be a material 

eifect on the hypocnlorite solution by tuo use of wetting agents. 

the X-100 ixtu.res appear to be slightly decreased in germicidal 

activity. Tuis can be partici1ar1y noted in the mixture containing 

0.05 per cent X-100. 

Because nypochiorites act so rapidly against vegetative cells, 

. cereu spores wore used as a test organism. ixie results obtained 

when five different wetting agents were added to sodium bypochiorite 

are snown in table 9. A final concentration of 200 ppm available 

chlorine was used, and the spore content was 8 x per ml. The 

listed values are the average of three separate trials. 

The effect of pH on germicidal activity may be observed in the 

first two lines of the table. In both cases, no wetting agent was 

added to the sodium brpoch1orite solutions, but the pH of the solutions 

was adjusted to approximately 1.0.0 and 9.0 respectively. After 20 

minutes exposure, only 30.891 per cent of tne spores were destroyed 

at ph 10.0; whereas, 99.662 per cent were destroyed at pH 9.0. 

Therefore, the pli of the various solutions containing wetting agents 

were adjusted to approxima ' tely 9.0. The results obtained in subse- 

quent trials with these compounds imist be compared with values of the 
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Iato o± destruction of Micrococcus caseolyticus combination of 
sodiim ypoch1orito with various added wetting agents 

- 
Conc ?er cent organisn 1cii1ed at following 

netting wetting exposure periods in soconds 
agent agent pH 15 30 60 120 300 

() (.) () (á) () () 

None - 1.0.1 99.962 99.999 100.000 100.000 100.000 

Naccona]. 0.05 10.0 99.99? 100.000 100.000 100.000 100.000 

0.01 10.0 99.979 100.000 100.000 100.000 100.000 

Alkanol 0.05 10.1 99.971 100.000 100.000 100.000 100.000 

0.01 9.9 99.964 100.000 100.000 100.000 100.000 

Stepanate 0.05 10.0 99.705 100.000 100.000 100.000 100.000 

0.01 10(11 99.688 100.000 100.000 100.000 100.000 

Santomerse 0.05 10.0 99.995 100.000 100.000 100.000 100.000 

0.0]. 10.0 99.859 100.000 100.000 100.000 100.000 

x-100 0.0 10,0 98.98? 99.961 100.000 100.000 100.000 

0.01 9.9 99.6o5 99.999 100.000 100.000 100.000 
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T3L 9 

Rate O± deetrct ion Bacillus cereus pes combination 
sodium ypochlorìte with various added wetti,g aents 

Conc. of Per cent spores killed at following 
'ietting wetting exposl2re eriods in minutes; 
agnt agent 0.5 2.0 5.0 10.0 20.0 () () () () () () 
Ione --- 10.2 11.09? 24.71? 20.46? 36.118 30.891 

None - 8.9 19.835 37.00? 61.109 76.900 99.662 

Nacconal 0.05 8.7 ¿3.537 28.60? 38.246 75.883 96.580 

0.01 9.0 6.481 18.473 26.626 70.578 98.576 

Alicanol 0.05 8.7 20.395 28.627 38.844 81.590 99.744 

0.01 8.9 15.191 29.88? 52.426 71.373 98.749 

Stepanate 0.05 8.8 25.305 18.700 41.057 64.55? 86.58? 

0.01 9.0 12.136 32.054 44.45 62.750 97.4W 

antoicrse 0.05 8.6 19.071 28.978 27.059 59.257 98.134 

0.01 8.? 18.782 23.5W 44.293 89.247 99.849 

X-100 0.05 8.7 2?.51. .3b.987 48.916 72.855 85.352 

0.01 9.0 13.890 19.546 42.663 54.720 97.608 
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control trial at this pH. 

After 20 minutes exposure, all mixtures except those containing 

0.05 per cent Stepanate and. X-100 destroyed over 96 por cent of the 

spores. These two mixtures destroyed 86.58? and 85.352 per cent of 

the spores, respectively. These results indicate tat none o the 

wetting agents increase the germicidal activity of the sodium hypo- 

chlorite under the test conditions. However, concentrations above 

0.01 per cent of Stepamate and X-100 tend to decrease trie effective- 

ness of the germicide. This decrease in activity caused by X-100 

agrees with the information presented in table 9. It is possible 

that pH differences that existed between various samples may bave 

been responsible for some differences between solutions in tuis 

experiment. 

The effect of 200 ppm of a commercial calcium bypochlorite on 

. cereus spores is shown in table 10. The germicide was available 

from the manufacturer with and. without a wetting agent. A use 

dilution solution containing 200 ppm available chlorine contained 

0.0056 per cent of sodium dod.ecyl benzyl suiphonate. The pli of the 

solution containing the calcium hypochiorite without the wetting 

agent was approximately 8.8. A comparable solution containing the 

wetting agent had. a pH of approximately 10.3. A comparison of these 

two solutions is snown in lines i ano. 2 of table lO. After 20 

minutes exposure, te low pli solution killed 100 per cent of the 

spores; whereas, the hign pli solution destroyeQ only 34.510 per cent. 

However, wnen the solution from the commercial product containing the 

wetting aent was adjusted to approximately 8.8, its activity was 
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T.àBLE 10 

Effect of and presence of wettig on rate of destruction of 
Bacillus cereus spores ppm preparations oi commercial hypo- 

chi ori t e 

Conc. of pH of Per cent spores killed at following 
Cermicide wetting germ, exposure periods in minutes: 
prearation agent sol. 0.5 2.0 5.0 1.0 .0 

() () (2k) (ii) (ii) () 

LoBax Special ---- 8.8 5.882 42.353 73.058 99.069 100.000 

LoBax 21 0.0056 10.3 5.490 12.549 25.490 27.259 34.510 

LoBai 21 0.0056 8.7 11.369 41.958 99.349 99.989 100.000 
(pH adjusted) 



equal to that of the other product. It appears that, at equal pH, 

the activity of the commercial calciw hypochiorite was about the 

same with and without the wetting a&ent, However, as it is available 

on the market, the compound containing the wetting agent is much less 

effective. This difference in activity is due to lack of proper 

adjustment of the pH. 
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DISCUSSI ON 

Two ssarate aspects of tne action of wetting agents on chiorina 

solutions taust be considered. The first is tt these agents pos6ibly 
may increase ciflorine activity against vegetative cells ax4 spores in 

a water suspension. Such increase would indicate that the wetting 

agent ennances the germicidal activity o± chlorine. However, no 

material increase in germicidal activity was observed under tne 

conditions of this experiment. 

e second aspect which mast be considered is the effect of 

wetting agents when tu e bacteria exist in a fi1 on equipment. The 

formation of a dried or semi-dried film on equipment occurs Iraquently 

in dairy farm and plant operation. These films tend to protect the 

bacteria from germicides. Therefore, the possibility exists that 

wetting agents might loosen and break up this film, which would in 

turn allow access of tne cìilorine to the otherwise protected bacteria. 

This circumstance has been suggested by the data of Heave and Hoy 

(172, p.50) 

Another factor that must be considered in the addition of wetting 

agents to hypochiorites is the effect of the surface activo agent on 

the available chlorine itself. Since it is own that organic matter 

inactivates cnlorine, and since wetting agents are organic compounds, 

there is a possibility that they may neutralize the germicide. This 

may explain decreased effectiveness of the hypocalorite and X-100 

combination on i. caseolyticus. Some also may contain reduced sulfur 

radicals that would affect content of available cnlorine. The results 



of this study show that soíie of the wetting agents do have this 

property. However, sorne do not inaetivate ci1orine wien tey are 

present in low concentrations. These latter corpounds (preferably 

Nacconal NCL, Santomerse 1, tepanate, Alkanol í and x-100) can 

oe eniployed with chlorine without reovin appreciable quantities of 

the germicide through reaction with organic material over a limited 

period. 

The pH of a chlorine solution is one of the most important 

factors in determining its germicidal activity. Due to the increased 

corrosive activity and general instability of high acid chlorine 

solutions, the pH must not be too low. However, a high pH decreases 

greatly the germicidal activity of the conpowd. The results of this 
study suggest that a compatible buffer might be to advantage 

with some commercial hrpoch1orites. The natural butTering constitu- 
ents of some nard water supplies would tend to result in lower pH 

levels in use dilution than in the distilled water germicide solutions 

used in this investigation. Th.e pH of the final dilution should be 

between 8.0 and 9.0 to give tno greatest germicidal activity witA a 

limited amount of corrosive ability. If the pli is raised from 9.0 to 

10.0, the decrease in effectiveness of the germicide is tremendous. 

TL18 9H of the germicidal solution appears to be the most important 

factor affecting activity of hypochiorites. Results obtained on tne 

commercial calcium hypochiorites substantiated the other trials on 

effect of surface active agents on hypochiorite activity. They 

indicated further tnat the manufacturer actually decreased effective- 
ness of nie product by attempting addition of the wetting agent. 
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SUIiMÁiY ANS) CONOLUION$ 

Ìie effect of 14 wetting agents at concentrations of 0.01 and 

0.10 per cent on the available chlorine of a 50 ppi sodii hpoch1orite 

solution was studied. At the low concentration, only tures of the 

coLnpounas materially lowered the available cnlorine content in 48 

hours. However, at 0.10 por cent, all except two of tue wetting 

agents decreased the available cnlorine content uateria1ly. These 

results indicated that certain wetting agents could be added to bypo- 

chlorite solutions without detrimental effects, providing the 

concentration of the agent was low. 

The germicidal activity of sodium bypochlorite in combination 

with five separate wetting agents on . caseolyticus was determined. 

At pH 8.0, the activity of all solutions with a concentration of 

available chlorine of 25 ppm was so rapid that flO conclusions could 

be drawn. However, wnen tue ph was adjusted to 10.0, and the culorine 

content increased to 50 ppm, no material increase in germicidal 

activity appeared to oe contributeo. by tne presence of the wetting 

agents. A concentration of 0.05 per cent X-100 appeared to decrease 

the effectiveness of the germicide, 

More than 96 per cent of tne . cereus spores were destroyed by 

all solutions of 200 ppm sodium nypochlorite in 20 minutes except 

those containing 0.05 per cent Stepanate and X-100. These agents 

allowed only 86.587 and 83.352 per cent destruction, respectively. 

A commercial calcium hypocnlorite, that had a wetting agent 

added by the manufacturer, was not as effective as the same compound 



without the wetting aient. However, when the pH of the two solutions 

was ad.justed. to the same point, the eraicidal activity of both 

solutions was opa1. 

Sliit changes in pH of uypocblorite solutions have been shown 

to be far more important in determining their germicidal activity 

than presence of corapatible surface active agents. 
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PPCT OF pR Ox TH GEÍICII.L àOLIVIY OF QUÀ1ERIWY AiONIT.ThL 

COMPOUNDS 

The importance of pH oÍ tue eruitcida1 so1ution with respect to 

kÀypoCh1orite has been eipbasized in PkRT II o± tnhs study. However, 

the effect of pH on the Q).Os is not weil understood. Most workers 

have assuiied that te Cs are niost active in an aLcaline solution. 

Soiue data that aro very incomplete (10?, p.10-20) suggest thM some 

exceptions to tiis rule ay exist. 

Te difficulty in arriving at a definite conclusion ninges On 

the fact that most studies on this problem have not inc1ued enough 

pH levels. A possibility, not heretofore investigated, was that a 

slight variation in pH might cause a great variation in germicidal 

activity of a conound. t1so, the type of QAC used might affect the 

results obtained at any one pli level. The effect of pH on germicidal 

activity of a LC might vary with the species of bacteria tested. A 

consideration of these possibilities heretolore not adequLtely 

stuhied, led to tue investigation in this section. 
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MERI.LS AND ETH0DS 

anisne. P. aeinosa, E. coli, and . caseolyticus were 

selected for tuis experiment. The cultures were carried on nutrient 

agar slopes at 32° C. and tranaf erred daily. 

Germicides. The following QàCs were used: alkyl dimethyl ethyl 

oenzyl ammonium chloride, uiethyl dodecyl benzyl trimethyl ainoniuni 

chloride, pars di-isobu.tyl pxienoxy etnoxy diniethyl benzyl a'arnoniu 

chloride, and alrl dimethyl benzyl aoniun chloride. The germicide 

stock solutions were made to contain 100 ppm by following tue 

directions of the inanu.facturer. The concentration was verified by 

titration (94, pp.159, iso). 

1ietiiod 2 analysis. Boric acid, at the rate of 0.1 er cent 

was added to the stock solution of tue germicide. approximately 100 

ml. portions were placed in beakers and tue pH values were adjusted 

to 3.0, 4.0, 5.0, 6.0, ?.O, 8.0, 9.0, and 10.0 with a ßecnan glass 

electrode pH meter. The pH values of 3.0, 4.0, and 5.0 were obtained 

by tAe use of concentrated hydrochloric acid. The values 6.0, 7.0, 

8.0, 9.0, and 10.0 were obtained by adding saturated sodium carbonate. 

These concentrated solutions were used to prevent excessive dilution 
of the germicide. 

The bacterial culture to be studied was grown for 24 hours on a 

nutrient agar slope at 320 C. and washed into a water blank containing 

0.1 per cent boric acid. After adjusting with a Becnan spectropho- 

tometer to contain approximately 200 x 10b organisms per ml., portions 
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of' ti2e sispension were adjusted to the sane pli values as the gorniicide 

solutions by tue same metnod as that used l'or tue gerxicide solution. 

Tne matcning pH solutions tnen were tested bacteriologically by the 

Weber and Black (209, pp.1406-1416) technique. 

After the germicide had been exposed to the bacterial suspension 

for 300 seconds and the necessary saiples for plating had been 

reaioved, the pH of the remaining contents of the medicinal tube was 

determined. This value was taken as the actual pH of the test and 

is recorded in the results. Txie pH was constant l'or those solutions 

adjusted to 3.0, 8.0, 9.0, and 10.0. The solutions at pH 4.0, 5.0, 

and 6.0 rose approximately 0.5 pH unit and pli 7.0 increased about 0.3 

pH unit. 
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RESULTS 

The results obtained in the experix.ient are shown grapxiically in 

figures 1 to 4. Each curve represents one experimental trial. The 

trials on individual oraniems and germicides were carried out on 2 

separate occasions on different days. S1i&iit changes in the resistance 

and initial concentrations o± the organisn would not permit super- 

iiposing duplicate curves on each oiher. However, the duplicates in 

all cases showed exactly the same response to changes in pH. One set 

of determinations is shown in figures 1 to 4,inclusive. Data from 

wxIicii these figures were prepared are shown in tables il to 14. The 

duplicate deterainations are shown in tables 15 to 18, inclusive. 

Exposure periods selected for tne figures were designed to bring out 

important differences related to c.nange in pH of the solutions tested. 

Figure 1 shows the effect of various pli values on the germicidal 

activity of a]ir1 dinietòyl ethyl benzyl auznoniwi chloride against the 

three test organisms. Exposure periods selected for this figure were 

two minutes for P. aeruinosa and one minute for the other two 

organisms. 

Mainst . aein, the germicide was least active at a pli 
of approximately 9.0. Activity increased slightly above this value. 

Below pH 9.0, the activity increased rapidly until pH 7.5 showed no 

organisms surviving. All organisms were destroyed at pH values below 

7.5. 

when E. coli and . eoiyticus were used as the test organisms, 

the number of surviving cells decreased as the pH valuo increased 
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Figure 1 Effect of pH on the germicidal activity of 50 ppm alkyl 
dimethyl ethyl benzyl ammonium chloride over a two minute 
exposure period for Pseudoznonas aerinosa and a one minute 
exposure period for Eschoriciia co14 and Micrococci 
caseolyt icus. 
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from 3.0 to 8.0. 'here was a sudden rise in rate of survival at pH 

9.9, and. another decrease at pli 10.0. The results indicate that tnis 

Q)C was most active against these two bacterial species at pH 8.0. 

The effect of pH on the germicidal activity of para di-isobutyl 

phenoxy ethoxy dimethyl benzyl amoniux chloride against the sarne 

organisms is shown in figure 2. All curves represent the io of 

surviving organisms after five minutes exposure to the germicide. 

Against . aeruiuosa, tne QàC was most active between pH 3.0 and. 

pH 6.0. Above pi 6.0, tie activity decreased rapidly to &uout pH 7.0. 

It then slowly decreasecL up to pli 10.0, tne highest level tested. 

The survival of . coli decreased as tkie pH value increased from 

3.0 to 8.0. sudden increase in surviving cells was noted. at pli 9. 

wnicb was followed by another marked decrease at pli 10.0. Similar 

results were obtained on M. caseolyticus, except that the decrease in 

surviving cells did not occur until pH 7.0 was reached. These results 

indicate tiat pH 8.0 provides the most active level for the latter 

two organisms. A pH of 10.0 provided about the sane activity on 

. coli as pH 8.0. 

Figure 3 shows the effect of ph on tìe activity of methyl dodecyl 

trimetby]. benzyl ammonium chloride. Al1 curves were obtained from 

the five nimute exposure period. The compound was most active against 

.. 
iuuosa between pli 3.0 and 6.. The activity then decreased. 

rapidly to pH 9.0. It increased again at pli 10.0. Against . coli 

and. caseolyticus, the activity was lowest at pli 3.0 to '.0. It 

increased as the pli increased to about 7.5. sudden decrease in 

activity then was noted to pH 9.0. àn increase in effectiveness took 
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Figure 2. Effect o± pH on the germicidal activity of 50 ppm para 
di-isobutyl phenoxy ethoxy diniethyl benzyl amaoniurn 
chloride over a five minute exposure period for three 
test organisms. 
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Piure 3. Effect of pH on the germicidal activity of 50 ppm methyl 
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minute exposure period for three test organisms. 
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p1ce at pH 10.0. 

A].kjr1 dimetnyi oenzyl anonium chloride respond.ecì- differently 

than the otb.er cotapounds as sliowu in figire 4. The curves represent 

an exposure of one niinu.te against E. coli and five inu.tes against 

j) aeruinosa and M. caseo1yticus. P. aeruinosa was destroyed at a 

Luo aerate rate at pff 3.0 to .O. The rate of destru.ction increased 

rapidly to pli 6.5. It tnen decreased to pli 9.0, and again increased 

s1igt1y at pff 10.0. Tne greatest nuther of surviving organiss was 

at pff 9.0. 

The activity of tne AC against E. coli increased from pH 3.0 to 

6.5. It then decreased up to pH 8.0, but not quite to tue extreme 

of pff 3.0 and 4.0. ioove pH 8.0, tne activity increased to pH 10.0. 

The activity at pH 10.0 was not as great as at pff 6.5. Similar 

results were noted against M. Saso1icus, except that the decrease 

in activity stopped at pH 7.5 instead of pH 8.0. The activity at 

pH 9.0 and above was equal to tLlat at pH 6.5. 

Figure 5 shows the survival of the three species tested after 

five rainutes exposure wnen no QC was present in the test mixture. 

The various pH levels were obtained by the method used for testing AC. 

No reduction in total bacterial count at any pff level was obtained for 

. caseolyticue and . coli. i. aeriinosa showed a slight reduction 

in surviving organisms at pH 3.0 and 10.0. o reduction for tnis 

organism was obtained at tiie other pH levels tested. 
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TBL li 

Survival of three bacterial species after exposure to alrl dimetbyl 
etbyl benzyl amrnonii chloride at eit different lev 

- 
1'hber of oran.sme surviving after following 
exposure periods in seconds: 

rganisi 'pH 15 30 . 60 120 3OO 

(2&±) (3±) () (i±) (Q±) 

. aeruginosa 9.96 
9.03 
7.96 
7.65 
7.37 
5.91 
5.32 
3.19 

2?60.000 
3900.000 
3840.000 
840.000 
0.015 
0.018 
0.008 
0.000 

2280.000 
3340.000 
3120.000 
5.000 
0.000 
0.000 
0.000 
0.000 

1140.000 
2722.000 
1620.000 
280.000 

0.000 
0.000 
0.000 
0.000 

430.000 
2220.000 
1320.000 

8.00O 
0.000 
0.000 
0.000 
0.000 

370.000 
1060.000 
850.000 
13.000 
0.000 
0000 
0.000 
0.000 

, caseolyticus 10.02 0.440 0.200 0.054 0.008 0.000 
9.00 260.000 4.900 1.190 0.073 0.011 
8.01 0.195 0.043 0.022 0.014 0.007 
7.52 2.200 1.710 0.t50 0.057 0.016 
6.89 174.000 16.000 1.410 0.019 0.005 
6.51 186.000 61.000 12.100 2.190 0.102 
4.30 900.000 255.000 72.000 4.900 0.108 
3.L3 282.000 198.000 120.000 27.000 10.500 

.. coli 9.92 10.500 3.400 0.840 0.003 0.000 
8.88 23.000 7.900 11.900 2.100 0.017 
7,88 6.800 0.205 0.110 0.003 0.000 
7.48 2.300 0.720 0.230 Li.006 0.000 
b.72 38.000 8.400 0.360 0.280 0.020 
5.84 59.000 4.200 0.950 0.087 0.015 
4.32 2420.000 750.000 76.000 3.500 0.410 
2.98 1440.000 630.000 200.000 47.000 0.260 



TABLE 12 

Survival of bacterial apecie after exposure para di-isobutyl 
phenoxy ethoxy dimetbyl beuzyl wnznouium chloride at eight different 

levels 

Number of organisms surviving after following 
exposure periods in seconds 

Organism - 15 60 - 120 300 

(Q±) () (1Q±) (2±) (±) 

i aeruginosa 10.16 6080.000 5550.000 4680.000 2?60.000 1980.000 
9.14 4740.000 4640.000 3520.000 2020.000 1620.000 
8.52 4620.000 4560.000 4020.000 1320.000 1120.000 
8.10 200.000 4300.000 2640.000 2400.000 1020.000 
7.48 3760.000 3300.000 2100.000 1920.000 720.000 
6.o3 1440.000 1120.000 840.000 570.000 310.000 
6.03 83.000 21.000 9.000 1.000 0.150 
3.26 2.000 0.800 0.330 0.150 0.010 

.. caseolyticus 9.97 5720.000 2460.000 1620.000 750.000 39.000 
8.96 9220.000 8120.000 3400.000 2200.000 410.000 
7.99 8o40.000 b840.000 2580.000 610.000 37.000 
7.42 9020.000 8680.000 3960.000 1440.000 176.000 
6.80 9130.000 8030.000 5580.000 2820.000 2460.000 
5.78 9080.000 8000.000 4340.000 1810.000 1550.000 
4.03 9880.000 8210.000 5360.000 4440.000 2880.000 
3.22 9730.000 8460.000 6020.000 3950.000 1980.000 

. 10.1]. 960.000 720.000 430.000 157.000 0.300 
9.01 6600.000 3820.000 3480.000 2040.000 340.000 
8.48 6000.000 2760.000 1500.00 640.000 171.000 
7.81 3180.000 800.000 170.000 15.000 0.100 
6.91 3300.000 1500.000 900.000 290.000 10.000 
6.22 3480.000 3300.000 1740.000 420.000 65.000 
3.76 5320.000 4640.000 4060.000 3800.000 2400.000 
3.19 4820.000 4640.000 3100.000 2440.000 1430.000 



TLBL 13 

Survival of three bacterial species after exposure imethyl dodecy]. 
benzyl trimetAiyi ammonium chloride eight different levels 

Number of ¿rgaiisms surviving aster f ollowing 
xposure periods in seconds: 

Qranism pH 15 30 60 120 300 

() (i±) (2) (±) (Q±) 

P. aeruinosa 9,99 184.000 120.000 51.000 39.000 12.000 
8.94 2360.000 1620.000 1380.000 1200.000 1020.000 
7.97 630.000 500.000 300.000 220.000 126.000 
7.24 580.000 88.000 42.000 2.100 0.580 
6.39 olO.000 98.000 32.000 2.400 0.100 
5.3] 600.000 120.000 21.000 1.900 0.080 
3.73 1260.000 520.000 26.000 8.000 0.220 
3.15 2400.000 1500.000 75.000 26.000 0.580 

j. caseolyticus 9.98 2640.000 1860.000 1380.000 840.000 9.000 - 
9.00 3900.000 3700.000 2880.000 2160.000 87.000 
8.02 2220.000 1200.000 730.000 52.000 1.200 
7.22 502.000 450.000 131.000 6.300 0.90 
6.21 3960.000 2820.000 2200.000 1400.000 20.000 
4.72 7890.000 6580.000 5430.000 4680.000 3240.000 
4.60 7630.000 6320.000 4120.000 3860.000 2520.000 
3.14 8030.000 6850.000 5040.000 ¿060.000 2820.000 

!' coli 9.91 250.000 1240.000 940.000 91.000 0.120 
8.92 6480e000 5240.000 4560.000 2460.000 840.000 
8.03 2880.000 2640.000 1560.000 200.000 2.400 
7.28 2180.000 1220.000 890.000 33.000 0.133 
6.42 2280.000 1920.000 1240.000 65.000 0.380 
5.50 3840.000 3000.000 2400.000 1620.000 97.000 
3.92 5820.000 4200.000 3300.000 2460.000 1090.000 
3.23 4240.000 3720.000 3000.000 1200.000 450.000 



TJBLE 14 

Survival of three bacterial species after exposure to a1kr1 diuiethyl 
benzyl aLuaonium chloride at eiit diT yes 

Number of organisms surviving after following 
xposureperiods im seconds: 

Organism 15 - 30 60 l0 30C) 

(Q±) (LQ±) () (i) (Q 

.$ aerinosa 1001 780.000 680.000 520.000 400.000 59.000 
9.00 2100.000 1630.000 1350.000 1270.000 200.000 
8.01 1080.000 710.000 400.000 145.000 ?0.000 
7.54 720.000 430.000 140.000 22.000 0.900 
6.73 0.170 0.027 0.009 0.004 0.003 
6.32 9.000 0.20 0.031 0.003 0.002 
5.09 2b0.000 220.000 106.000 17.000 2.400 
3.09 390.000 250.000 110.000 7.000 2.900 

.. caseolyticus 9.99 840.000 100.000 1.200 0.130 0.052 
8.95 1220.000 220.000 2.200 0.130 0.047 
7.99 1560.000 360.000 7.800 0.690. 0.080 
7.36 2880.000 1260.000 180.000 7.400 1.900 
6.20 1580.000 880.000 40.000 1.600 0.410 
5.46 3660.000 2280.000 1800.000 830.000 140.000 
3.98 4740.000 3660.000 2640.000 1140.000 390.000 
3.43 5830.000 4380.000 4030.000 3300.000 2980.000 

... coli 9.39 960.000 320.000 60.000 0.190 0.007 
8.94 2140.000 1020.000 120.000 3.300 0.011 
8.02 1920.000 1140.000 960.000 180.000 0.053 
7.42 1040.000 .380.000 150.000 1.000 0.190 
6.bl 910.000 290.000 o.400 2.800 0.009 
5.49 1020.000 300.000 9.500 2.000 0.008 
3.81 6060.000 2220.000 1380.000 1080.000 660.000 
3.12 6330.000 4200.000 1900.000 1680.000 1120.000 



TABLE 15 

Survival of three bacterial eciee after ure ietkyi 
ethyl benz ainnioriium chloride at eight different 

-- - 
Nuraber of organisxns survivingafter following 

osure ìeriods in seconds: 
Organism H l5 30 60 120 300 

(1Q±) (];Q±) (3&J UQ) (Q.) 

-. aeriginosa 9.5? 2220.000 2050.000 690.000 340.000 230.000 
8.82 3340.000 2800.000 l630.000 1380.000 920.000 
?.96 2100.000 1020.000 790.000 390.000 230.000 
7.61 1020.000 500.000 290.000 100.000 39.000 
7.21 0.105 0.019 0.000 0.000 0.000 
6.83 0.029 0.012 0.000 0.000 0.000 
4.37 0.048 0.014 0.000 0.000 0.000 
3.11 0.051 0.Olo 0.000 0.000 0.000 

.. caseolyticus 10.03 320.000 137.000 45.000 0.140 0.000 
9.00 2280.000 490.000 156.000 60.000 0.270 
8.05 0.083 0.007 0.002 0.000 0.000 
7.38 1200.000 320.000 46.000 33.000 2.500 
6.39 4620.000 1440.000 120.000 107.000 22.000 
5.80 4720.000 2220.000 320.000 38.000 0.470 
5.12 4680.000 2030.000 380.000 48.000 0.640 
3.14 5640.000 2220.000 1330.000 430.000 12.100 

.. coli 10.00 14.000 3.600 0.910 0.011 0.000 
9.03 294.000 163.000 94.000 39.000 9.000 
8.08 35.600 5.600 0.460 0.290 0.008 
7.56 145.000 25.000 5.000 0.780 0.048 
6.98 382.000 312.000 13.800 3.500 0.080 
.74 3'4.000 252.000 11.900 2.000 0.170 

4.16 3300.000 882.000 228.000 74.000 5.200 
3.35 5580.000 3600.000 26b.000 64.000 7.900 
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2ABLE 16 

Survival of three bacterial species after exposure para di-isobi1 
pheno ethoxy dime beuzyl ammOxlit2Ifl chloride eiit ferent 

levels 

Oranism pH 

Number of 
exposure 

15 

organisuis surviving after 
periods inseconds 

30 60 120 

following 

300 
- 

(IQ±) () (Q) - (Q_) (;Q_) 

_Î. aeruinosa 9.87 3300.000 1920.000 1440.000 900.000 600.000 
8.91 4760.000 3340.000 2220.000 2160.000 1320.000 
8.06 3480.000 2280.000 1620.000 1040.000 860.000 
7.74 170.000 140.000 111.000 64.000 40.000 
7.24 21.000 8.000 7.000 4.000 2.500 
6.28 310.000 26.000 2.100 1.700 0.300 
3.75 7.000 3.600 1.400 0.800 0.300 
3.05 0.073 0.034 0.016 0.012 0.000 

.À. caseolyticus 10.02 4140.000 2580.000 1980.000 920.000 69.000 
9.00 4080.000 3720.000 1740.000 1040.000 360.000 
7.98 3220.000 22o0.000 740.000 401.000 57.000 
7.45 4320.000 32Q0.000 2630.000 1460.000 510.000 
7.06 8540.000 6600.000 5100.000 4680.000 1780.000 
5.88 9030.000 8440.000 6240.000 k8b0.000 1620.000 
5.54 9120.000 8000.000 6060.000 5020.000 2020.000 
3.30 9940.000 8100.000 6840.000 5420.000 3080.000 

_&. coli 9.87 1140.000 750.000 310.000 18.000 0.009 
9.12 4320.000 3160.000 1560.000 400.000 83.000 
7.97 2040.000 1880.000 870.000 190.000 1.300 
7.?? 2300.000 1140.000 980.000 111.000 1.300 
7.14 4640.000 3020.000 1960.000 1040.000 144.000 
6.46 4900.000 3100.000 2140.000 840.000 500.000 
5.32 4680.000 3940.000 2720.000 1060.000 540.000 
3.19 5400.000 4010.000 2800.000 1480.000 610.000 



T.BLE 1? 

Survival of three bacterial !pciee after exposure to methyl doclecyl 
benzyj. trirnethyl ammoniuui cxiloride at eight different 

Number of organisms surviving after f ollowi.ng 
exposure ieriods in secoids: 

Organism pH 15 30 60 120 300 

iQ4) (1Q) (1Q) (io) (io) 

-. aerainosa 9.98 461.000 320.000 115.000 92.000 30.000 
9.01 2941.000 2220.000 1850.000 1320.000 9o0.000 
8.02 1020.000 930.000 520.000 202.000 124.000 
7.21 620.000 580.000 202.000 150.000 68.000 
6.54 630.000 610.000 350.000 240.000 86.000 
4.68 580.000 540.000 368.000 301.000 98.000 
3.87 730.000 660.000 399.000 346.000 120.000 
2.99 840.000 690.000 415.000 398.000 170.000 

.t. caseolyticus 10.02 2030.000 1550.000 1120.000 630.000 21.000 
9.02 3060.000 2840.000 2150.000 1590.000 112.000 
7.98 1590.000 830.000 640.000 122.000 8.000 
7.32 503.000 420.000 168.000 12.000 0.810 
6.33 2930.000 2650.000 2130.000 1o80.000 132.000 
5.12 5460.000 4830.000 3890.000 3660.000 2840.000 
3.94 6330.000 5720.000 4060.000 3820.000 3240.000 
3.03 6880.000 6080.000 4610.000 4090.000 3260.000 

À coli 10.01 

- -t 

3060.000 

- - 
2610.000 2220.000 1290.000 82.000 

8.98 4b60.000 4480.000 ¿040.000 2680.000 960.000 
8.08 3120.000 25b0.000 1660.000 870.000 15.000 
7.16 2090.000 1440.000 820.000 56.000 2.600 
6.46 2110.000 1880000 1090.000 131.000 o.800 
5.50 3880.000 3270.000 2840.000 1610.000 430,000 
4.12 5950.000 5210.000 4320.000 2610.000 1110.000 
3.22 5690.000 5180.000 4620.000 4010.000 890.000 



Survival of three bacterial species afte exposure a]irl dimethyi 
benzy]. amrxoniun chloride at eight different levels 

Ntmber of organisms surviving after following 
exposure periods in seconds: 

Qranism pH 15 30 60 120 300 

- (Q±) (Q±) () (Q±) (3QY 

.* aernginosa 10.03 930.000 730.000 610.000 410.000 48.000 
8.98 18b0.000 l50.000 1110.000 980.000 176.000 
7.99 1110.000 830.000 480.000 20b.000 69.000 
7,21 320.000 111.000 82.000 21.000 0.700 
6.40 10.000 0.500 0.002 0.000 0.000 
5.11 410.000 320.000 211.000 42.000 3.800 
4.50 560.000 430.000 250.000 31.000 5.300 
3.00 690.000 510.000 221.000 8.40 4.200 

.; caseolyticus 9.99 1260.000 450.000 72.000 2.500 0.080 
9.01 2330.000 900.000 111.000 5.500 0.090 
?.96 2b80.000 1130.000 321.000 11.000 0.200 
7.32 3720.000 1660.000 870.000 75.000 6.500 
6.51 1130.000 320.000 67.000 1.600 0.150 
5.02 4570.000 3060.000 2130.000 1220.000 468.000 
4.81 5080.000 4210.000 3000.000 2880.000 1550.000 
3.12 6930.000 5880.000 4220.000 3650.000 3110.000 

... 10.00 1060.000 410.000 86.000 0.890 0.009 
9.02 3220.000 1570.000 430.000 5.600 0.031 
8.01 3050.000 1690.000 980.000 115.000 0.082 
7.12 1140.000 390.000 95.000 1.210 0.010 
6.48 730.000 195.000 8.100 0.220 0.021 
.46 850.000 201.000 9.bOO 0.190 0.0o2 

3.8? 5320.000 300.000 212u.000 140.000 950.000 
6130.000 3240.000 2560.000 1630.000 1010.000 



DI SCUSSI Q 

Otner workers appear to ñave missed completely the arkec. d.rop 

aiid rise in erinicida1 activity of QA0s as the pH varies over a wide 

rance (stich as pH 3.0 to 10.0). This undoubtedly is thie to the fact 

that too few pH values nave been studied in relation to QkC activity. 

Two factors must be considered in tudyin the effect of pH on the 

gernicida1 activity of QAC. First) a sligi-it variation in ph may be 

critical because a cxlange of one pH unit can cause a significant 

variation in tne effectiveness of txie geriicide. e second factor 

is t.e te of buffer used to obtain the desired pii levels. More 

iuforation is needed on the effect of various buffers on geriicida1 

activiti of SAC. ere is a possibility thit the germicidal activity 

of AC may vary .ith tiie type of buffer used to adjust the pii. For 

tnis reason the variation in comoosition of buffers employed in this 

study was kept at a minimum. 

This study has verified previous reports that indicate that ÀCs 

react differently in germicidal activity to change in pii of the germi- 

cide solution. The reason for these differences is not readily 

apparent from tne available data. However, one possibility may be 

the degree of dissociation of the C molecule. bere is a possi- 

bility that some ACs may show their greatest germicidal activity at 

tne pH o± greatest dissociation. This fact must be considered in 

conjunction with trie difference in individual bacterial species. 

Salton, (240, p.48) found that tne germicidal activity of 

cetyltrimetriylaimonium bromide varied with pli but in a direction 



dependent upon tne species of bacteria studieò.. It a10 was shown 

that the inriibition of oxygen uptake at various pH levels xia no 

relation to gerrnicida1 activity. There was no apparent explanation 

for te difference in susceptibility to geriicide between bacterial 

species. Data presenten nere also snow a aifference in effect of an 

indìviaual QAG on different bacterial species at different pki levels. 

Tnere was no relationship between the optinuin pli value for gernicidAl 

activity and the Gr reaction or bacterial zaorpholor. 

One possible explanation for the variation in the gerLaicidal 

activity wîtn varying pH against different organisìs is the ptiysiologi- 

cal difference between species. . nosa prefers alkaline 

conditions for growth and is not acid tolerant. . coli, on the other 

hand, is more tolerant. his suggests a difference in critical 

enzyriie systeis. A low pH provides the most gerxnicidai condition for 

.O against P. uinosa and an alkaline pH against . colis j. 

caseolyticus is tolerant to botn acid and alkaline conditions, but 

tne effect of QC on this organisrn at various pli levels is sirnilar to 

its effect on E. coli. is suggests the possibility that the 

geraicidal activity of Q,A.O is greatest under pH conditions least 

favorable for tne growth of' the orgnis. 



SUMJtY AND CONCLUS IONS 

A study has been carried out on tAie effect of pH values between 

3.0 a 10.0 on the geruicidal activity of four different QACs. 

Three bacterial species were used as test organisms. 

Alkyl dimetnyl ethyl benzyl arnonium chloride was most active 

against nosa at pH 3.0 to ?..5. The activity of the QC 

decreased as the pH value increased from 7.5 to 9.0. A slight increase 

in activity occurred as the pH value increased from 9.0 to 10.0 

The germicidal activity of the AC against . oli and . caseoliticus 

was least at pH 3.0 to 4.0. LrXìe activity against these two organisms 

increased at pH values above 4.0 to a maximum at pH 8.0. It then 

decreased from pH 8.0 to 9.0 and. increased again from pH 9.0 to 10.0. 

Para di-isooutyl phenoxy ethoxy dimethyl benzyl armoniurn chloride 

was most germicidal against . aeriìnosa at pH 3.0 to 6.0. The 

activity decreased as the pH rose to 9.0 and then increased slightly 

from pH 9.0 to 10.0. The germicid1 activity of the CA0 against . 

ç°3:i and e caseolyticus was poorest at pH 3.0 to 6.0. It increased 

a the pH increased above 6.0 to a maximum activity at pH 8.0. The 

germicidal activity then decreased at pH 8.0 to 9.0 and again increased 

at pH 9.0 to 10.0, 

Methyl d.odecyl benzyl trimetni woniim chloride activity against 

.. 
aeruinosa increased from pH 3.0 to 6.5. The germicidal activity 

of tne QAC decreased rapidly as the ph rose from 6.5 to 9.0. A slight 

increase in activity was observed as the pli changed from 9.0 to 10.0. 

Tne poorest activity of tne QC against . coli and . caseo1yticu 
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was observed at pH 3.0. Its activity against tnese two oranisxs 

increase.ci. as tne ph increased from 3.0 to 7.5. A decrease in activity 

occurred from pH 7.5 to 9.0. A sligat increase in activity was 

ouserved from pH 9.0 to 10.0. 

Alkyl dimetn i benzyl ammnoniuui cnloride was moderately active 

against . aeruinosa at pli 3.Q to 5.0. Its activity increased from 

p 5.0 to a maximum at pH 6.5. Tue germicidal activity tnen decreased 

from pH 6.5 to 9.0. A s1igtt increase in activity was observed at pH 

9.0 to 10.0. Tne errnicida1 activity of tue AC against E. cth and 

. caseolyticus was poorest at pH 3.0 to 4.0. Its activity against 

these two organisms increased from pH 4.0 to a maximum at pH 6.5. 

Agaìnst E. coli, the activity decreased rapidly as the pH level cnanged 

from 6.5 to 8.0. An increase in activity was observed from pH 8.0 to 

10.0. Against J. caseolyticus, tLle activity decreased rapidly from 

ph 6.5 to a minimum at pH 7.5. An increase in activity occurred from 

pH 7.5 to 10.0. 

The results of tnis study emphasize that any investigation on 

germicidal activity of Cs must control pH levels of the germicide 

solution within relatively narrow limits and must consider carefully 

tne effect of pH in relation to trie type of compouna and bacterial 

species tested. 
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PART IV 

PACTOR AFCTING THE GE ICLDJL ACTIVITY O DETERGENT ANITIZERS 

CONTàINING QATERNARY A1MON IUM COMPOUND8 

Most detergent sanitizers on tne market include a QAC as a 

germicide and a number of cleaner ingredients, sucn as nonionic 

wetting aeAt trisodiuxa phosphate, polypkiospkiates, sodium meta- 

silicate, and sodiuiu carbonate. The purpose of a detergent sanitizer 

is to provide both eruiicida1 and c1eanin properties wnen applied on 

dairy and foou equipment and utensils. 

During tue study of various factors aÍ'fecting the gercnicidal 

activity of QAC it was noted thut detergent sanitizers containing 

were more active against bacteria than were the saine germicides 

alone. Tais phenomenon was so consistent tkìat it was apparent tat 

some factor ixi tue mixture was increasing the activity of the C 

against tne organisuis. T ' nree factors might cause tuis increased 

germicidal activity. Tue increased pli of tue solution coula. enhance 

tne effectiveness of tue germicide. However, results shown in PT 
III indicate that this probbly is not the case. Another possibility 

might be presence of a wetting agent, and a third might be presence of 

pnosphates in tue detergent sanitizer. Preliminary wor indicated 

that the most likely factor was the phosphates. The following study 

was conducted in three phases in an effort to determine tue factors 

causing an increased germicidal activity in detergent sanitizers. 



MATRIàLS D METHODS 

Experiment i, The effect of hard water and hard. water plus 

organic matter on the ermic1dal activity of alkyl dirn.ethyl etkyl 

benzyl ammonium chloride was detorniined in this experixent. This QAC 

was selected because it was the germicid.al agent employed in one 

series of the detergent sanitizers under study. The effect of water 

h.rdness was studied because practical application of tie detergent 

sanitizers requires their use in waters varying greatly in hardness. 

The mrd waters available for study were : Roseburg, which 

contained 250? ppaì hrdness calculated as calciuw carbonate; Starr 

rancn, which contained 168 ppa hardness calculated as calcium 

carbonate; and Navy specification no. 2000, which was prepared to 

contain 300 p hardness calculated as calcium carbonate. A stock 

solution of the Navy hard water, containing 42?b ppm hardness 

calculated as calcirn carbonate was prepared by adding calcium chloride 

equivalent to 2.85 milligrcis of calcium carbonate and magnesitm 

chloride equivalent to 1.20 miliigrais of magnesium carbonate to one 

liter of carbon dioxide-free distilled water. The stock solution was 

diluted with carbon dioxide-free distilled water so that the final 

test solution contained 300 ppra hardness calculated as calcium 

carbonate. 2kie effect on the germicidal activity of the QAC of organic 

matter was determined by adding one per cent whole iui1 to a Navy hard 

water solution. A control test solution contained the QAC dissolved 

in distilled water. 

. aeruginosa and . coli were chosen as the test organisms 
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because of the resistance to Q4C of the f oziiier and of the iniportance 

to the dairy industry of the latter. 1he ericidal activity of tte 
various solutions was detennined ith tne Weber and Black (209, pp. 

1406-1416) technique. 

Erperiwent . Three types of detergent sanitizers wore tested 
by the ieber and Black (209, pp.1406-1416) technique for their germi- 

cidal activity against P. aeriinosa and . coli when dissolved in 

distilled, Navy harde and Navy hard water plus one per cent whole 

ni1k. Each tye of detergent sanitizer was prepared with tLiree 

concentrations (50, ?5, and 100 ppni, respectively) of a1r1 dietby1 
ethyl benzyl asnonium chloride. The ph of each of these solutions 
was determined witn a Becknan glass electrode pH meter. 

he low pH detergent sanitizer contained four per cent C, 

eignt per cent nonionic wetting agent and 88 per cent hydroxy acetic 
acia ana water. This mixture yielded a use dilution of 50 pp QA. 

The use dilutions of 75 and 100 ppm were obtained by increasing the 

QAC content to six and eignt per cent, respectively, and by reducing 

the quantity of water pro3ortionate1y. 

The composition of the medium alkaline pH sanitizer was: four 
per cent QA 0, x'our per cent nonionic wetting agent and 92 per cent 

tetrasodium pyropnosphate, sodium tripolyphospnate, sodium bicarbonate, 
and trisodiva pnosphate. This mixture yielded a use dilution of 

50 ppm (& C. The mixtures tn.at yielaed use ailutions of 75 and 100 

ppm QAC. increased tne ount of QAC to six ano. eignt per cent, 

respectively, and decreased tite anount of aetergent material 
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proportionately. The wiount of nonionic wetting agent remained tne 

sanie in all three zaixtures. 

The nign pH detergent sanitizer contained four per cent QO 

four per cent nonionic wetting agent, 80 per cent tetrasodiwa 

pyropÄaosphate sodiwa tripolypnospnate, sodiwa bicarbonate and 

trisodium pAosphate and 12 per cent soda ash. Tuis mixture yielded 

a use dilution of 50 p QC. The use dilution of 75 and 100 ppm 

was obtained ûy a concentration of six and eight per cent C, re- 

spectively, with a corresponding decrease in detergent teriais and 

soda ash. The quantity of nonionic wetting agent remained at four 

per cent in all nixtures. 

Experiment . The effect of phosphates on the germicidal 

activity of ÂC was determined with the Weber and. Black (209, pp. 

1406-1416) technique. . aerwinosa was selected as the test organism 

because of its great resistance to QC activity. 

The first part of this experiment utilized para di-isobutyl 

phenoxy ethoxy dimethyl benzyl ammonium chloride at 50, 100, and 200 

ppm concentrations as the test ÀC. This compound was chosen because 

it was the QAC employed in a very simple type detergent sanitizer. 

Tne composition of this detergent sanitizer was 10.7 per cent QAC, 

81 per cent tetrasodium pyropnospnate, and 8.3 per cent nonionic 

wetting agent. 

In the germicidal trials on effect of various detergent sanitizer 

ingredients on Q,C action,tbe Q.0 was dissolved. in distilled water, 

a borate buffer, or in solutions containing tetrasodium pyrophosphate 



or trisoaiixa pnospkite. The H values of tue iistilled water solutions 

were between 7.4 and 7.5. The borate buffer solutions contained 0.1 

per cent boric acid adjusted to pH 9.5 witxi sodiiim carbonate. TrAe 

erniicida1 solutions prepared witn tetrasodium pyrophospnate or 

trisoditxn piaosphate contained 1.6035 grains of these compounds per 

liter when the QAC concentration was 200 ppal. ¶1is weigiit was se- 

lected because it was tue amount present in tile detergent sanitizer 
and provided a concentration of approxiLaately 1600 ppm in use dilution. 
The quantity was reduced proportionately wnen tne concentration of 

CAO was reduced to 100 and 50 ppm. The pH of these solutions varied 
between 9.2 and 9.5. The pH of trAe trisodium phosphate solution was 

reduced with concentrated hydrochloric acid to tnese values. The 

complete detergent sanitizer also was used. The ph of its solutions 
varied oetween 9.2 and 9.5. 

The effect of addition of tetrasodium pyropnospnate, trisodium 

pnospnate and borate buffer also was determined on germicidal activity 
of a1irl diinethyl ethyl benzyl ammonium crAloride solutions. Details 
of tuis experiment were similar to tuose for tue above described 
trial on para di-isobutyl phenoxy etkioxy dimethyl benzyl ammonium 

chloride. 
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RESULTS 

Eerient 1. Table 19 shows tnat hard water affected the 

germicidal activity of 200 ppm a11r1 dimethyl ethyl benzyl aznonim 

chloride against aeruinosa. The values are tne average of three 

separate trials. The extent of decrease in geriicida1 activity 

varied with the increase iii hardness of water. The Starr ranch water, 

witn 168 ppm haräness reduced. AC activity as coxapareu with the 

distilled water. The hardest water (Roseburg) decreased tue ef- 

fectiveness of tne germicide markedly. Navy hard water fell between 

these extremes. The fact that tne Navy hard water d.ecîdedly decreased 

ermicidA1 activity demonstrte. that a standard hard water of uniform 

composition was available for furti.ter experimental work. 

The effect of Navy hard water and Navy nard water plus one per 

cent whole milk on the ermicidl activity of alrl dimetbyl ethyl 

benzyl ammonium chloride against . aeruginosa and. E. coli is shown 

in table 9Q The average of three separate trials are listed. A 

concentration of 50 ppm of tne germicide destroyed 98.628 of tne 

. aeruinosa cells after 300 seconds exoosure wnen distilled water 

was used. Wflen the Navy nard water was used, 89.752 per cent of the 

cells were killed. However only 51.915 per cent of the cells were 

destroyed wAxen one per cent whole milk was added to tne Navy hard 

water. Similar results were obtained with a concentration of 100 ppm 

QAC. The percentage destruction was 99.99?, 99.776, and 83.830, 

respectively. 

E. coli was destroyed more rapidly than . aerinosa when 



JLE 19 

Rate of destruction of Pseu.omonas aeruinosa 9Q. a1iv1 di- 
methyl ethyl benzyl ajnnioniim chloride in different typ of water 

Per ent onIss killed at the fo1iowin 
exposire periods in econds: 

Water 15 30 60 120 300 

() () () () 

Distilled 99.960 99.982 99.99? 99.999 100.000 

Starr rancn 99.316 99.791 99.933 99.988 99.998 

Navy hard. 94.250 97.607 99.058 99.712 99.972 

Roseburg 

-- 
60.000 

t i 

71.798 ?5.2b3 87.121 

n 

88.831 



TàBLE 20 

1ate of destraction of Peeudonion aert,ginoea Eschoiciia 
alkyl dixnethyl ethyi benz anoniu distilled ater.., Na 

liard water arid Navy Ìa.rd water plus one cent whole niilk 

Per cent organisms killed at the f ollow 
Cone, of in exposure periods in seconds: 

Water errn. 0ranis 15 30 60 120 300 
() () () () - () 

Distilled 50 P. aeruinoaa 92.589 95.288 96525 981?? 98.628 

Navy hard 50.000 64.043 81.389 89.00? 89.752 

Navy hard plus milk 50.000 50.000 50.000 50.000 51.915 

Distilled 100 P. aeruinosa 99.930 99.958 99.973 99.995 99.997 

Navy hard 93.014 97.780 98.904 99.454 99.776 

Navy hard plus milk 50.000 50.000 61.489 75.532 83.830 

Distilled 50 E. coli 99,795 99.912 99.961 99.970 99.98? 

Navy hard 64.818 77.172 83.929 88.869 93.571 

Navy hard. plus milk 50.000 50.000 50.000 50.000 53. 929 

Distilled 100 N. coli 99,999 100.000 100.000 100.000 100.000 

Navy hard 99.945 99.985 99.992 99.998 100.000 

Navy hard plus milk 50.000 50.000 50.000 50.000 50.000 



s, 

distilled or Navy hard water was used, However, trie rate of de- 

struction was slower when one per cent whole milk was added to the 

Navy hard water. Only 50 per cent of the organisms were destroyed in 

300 seconds at 100 pp wnen one per cent whole milk was present. . 

aeruinosa had 83.830 per cent destruction at the same time and 

concentration. A similar trend can be noted when a concentration of 

50 ppm QAO was used. 

Experiment . The ph values of solutions of triree diferent 

detergent sanitizers in three types of water are listed in table 21. 

Tne figures are txe average of results obtained with two separate 

Becmn glass electrode ph meters. Navy hard water and Navy nard 

water plus one per cent whole milk did not materially affect the pH 

of' trie final solution. Trie pH of the low pH detergent sanitizer 

varied oetween 3.1 and 3.4, of the medium aliline ph compound between 

8.0 and 8.6, and of the high pli ateria1 between 9.5 and 9.8. 

The effect of three different detergent sanitizers dissolved in 

Vc ' rions waters on . coli is shown in tables 22 to 24. The values 

are trie average of three separate trials. The activity of the low 

pH detergent sanitizer at three germicidal concentrations is presented 

in table 22. After 30 seconds exposure to any one germicide, no 

marked difference can be noted in rate of destruction between trie 

distilled water, Navy nard water anh Navy hard water plus one per 

cent whole milk germicides. Since the detergent sanitizer contained 

aljl dimethyl ethyl berizyl ammonium chloride as trie germicidal agent, 

triese results can e compared witn those of table 20. In the latter 
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21 

levels of nine different detergent sanitizer solutioM prepared in 
distilled water, Navy hard water and. Navy hard. water ìli one per cent 

whole milk 

Low pH 50 3.3 3,4 3.4 

Low pH 75 3.3 3.1 3.3 

Low pH 100 3.2 3.3 3.2 

Iviedium alkaline pH 50 8.4 8.5 8.0 

Medium alkaline pH 75 8.6 8.6 8.4 

Medium alkaline pH 100 8.1 8.2 8.0 

High pH 50 9.6 9.7 9.5 

4igh pH 75 9.7 9.7 9.6 

High pH 100 9.7 9.7 9.8 
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TABLE 22 

Bate of destruction of Esoherichia colj d.eterent sanitizer 
solution in different types o± water 

Per cent organiS16 killed at o1lowing 
COnO. of exposure periods i seconds; 

water eria. 15 3G. 60 120 3Q0. 

Distilled 50 93.143 98.145 98.414 98.926 99.995 

Navy hard 81.60? 98.290 98.712 99.555 99.949 

Navy hard plus milk 73.559 92.816 99.181 99.94? 100.000 

Distilled 75 83.390 98.060 99.593 99.995 100.000 

Navy hard. 95.117 97.248 99.654 99.996 100.000 

Navy hard plus milk 90.350 97.145 98.751 99.996 99.999 

Distilled 100 97.226 98.748 99.4?? 99.990 100.000 

Navy hard 92.699 98.248 99.007 99.985 100.000 

Navy hard plus milk 93.431 99.059 99.976 99.998 100.000 

- . - 

L - 
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case, there was a great di.fference in rate of kill between various 

types of water. Te rate of d.estruction wnen distilled water was used. 

was aoout ie se in botn cases. However, some factor in the 

detergent sanitizer increased. the activity of tne germicide in the 

presence of harã. water and of milk. This increased activity is 

evident vith all tnree concentrations of tiAe geraicide. 

The results witu tne medium a11ine pH detergent sanitizer are 

shown in table 23 an witn the bign pH detergent sanitizer in table 

24. In botn trials, the detergent sanitizer increased tne rate of 

destruction by the germicide. The increase was so pronounced t±at 

germicidal activity of Navy hard water or Navy hard water plus one 

per cent whole milk germicides approached that of distilled water 

solutions. The medium alkaline pH cornpound appeared to be slightly 

more active than either the low or high pH mixtures. This tendency 

probably was due to a more favorable pH for the activity of the 

germicide. However, the difference in effectiveness of all three 

mixtures was slight. 

The effect of the same three detergent sanitizers against . 

aerinosa are presented in tables 25 to 27. These values also are 

the average of tnree separate determinations. Table 25 shows that the 

low ph detergent sanitizer was extremely active against this organism. 

Normally . aeruinosa is more resistant to QAC than is . coli. 

Witn tuis detergent sanitizer preparation, however, it is very much 

less resistant. concentration of 50 ppm germicide destroyed 99.999 

an 100 per cent of the cells in 30 seconds when distilled and. I'avy 

nard water, respectively, were used. However, 300 seconds were 
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TJBLE 23 

Rate of destru.ction of Esclierichia coli a ediu alkaliue detergent 
sanitizer solution in different typ. of water 

Per cent organisms killed at following 
Cono. of osure periods in seconds: 

Water gerni. 1 30 60 120 . 300 

() () (.) ( (A) () 

Distilled 50 98.781 99.949 99.982 99.999 100.000 

Navy hard 99.548 99.765 99.915 99.996 100.000 

Iavy hard plus milk 60.000 88.743 99.233 99.789 99.964 

Distilled. 75 99.638 99.938 99.95? 100.000 100.000 

Navy hard 99.725 99.853 99.960 99.999 100.000 

Navy hard plus milk 89.ö35 98.91? 99.633 99.906 99.971 

Distilled 100 99.771 99.924 99.969 100.000 100.000 

Navy hard. 99.827 99.845 99.952 99.998 100.000 

Navy hard plus milk 

- 

99.535 99.755 99.873 99.940 99.995 
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24 

£ate of destruction of Eacherich t high sani- 

tizer ion different es of water 

- _ - -.- 

cent organisrci11ed at following 
Cono. of exos'rerîods in seconds: 

j[ter germ. 15 30 60 120 300 
- () - 

() () () (:&) 

- () 
Distilled 50 99.91? 99.969 99.991 99.996 100.000 

i'Iavy hard 99.737 99.808 99.839 99.9?? 99.999 

Navy hard. plus milk 79.103 89.295 99.568 99.868 99.869 

Distilled ?5 99.482 99.723 99.973 99.997 100.000 

ilavy hard 99.884 99.352 99.962 99.995 100.000 

Navy hard plus milk 88.317 99.401 99.832 99.898 99.989 

Distilled 100 99.759 99.887 99.976 100.000 100.000 

Navy nard. 99.851 99.875 99.959 99.998 100.000 

Navy hard plus 
- 

milk 99.261 99.722 99.889 99.958 99.987 
- 
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TABLE 25 

Rate of destruction of Pseudomonas nosa 
sanitizer solution in different types of er 

Per cenit rganisras killed at following 
Conc. of ex os eriods in seconds: 

Water geru. 15 30 60 1 30Q 

() () () 

Distilled 50 99.997 99.999 100.000 100.000 100.000 

Navy nard 99.998 100.000 100.000 100.000 100.000 

Navy hard plus milk 99.880 99.992 99.996 99.998 100.000 

Distilled 75 99.999 130.000 100.300 100.000 100.000 

Navy hard 99.999 100.000 100.000 100.000 100.000 

Navy bard. milk 99.883 99.994 99.99? 99.999 100.000 

Distilled 100 100.000 100.000 100.000 100.000 100.000 

Navy hard 99.999 100.000 100.000 100.000 100.000 

Navy hard plus milk 99.993 100.000 100.000 100.000 100.000 
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required to proauce 100 per ceut kill wnen one per cent wnole iii1k 

was added to the liard water. ¶ab1e 22 shows tÌat ne rate of de- 

struction o± * Qii by the low pH detergent sanitizer was approxi- 

mately equal for all three trpes of water. is indicates tkat the 

low pH detergent sanitizer was less effective in overcoxiing the 

protective action of mi1 fron . iinosa than froi . The 

overall increased activity of the detergent sanitizer probably was 

due to tie pH of the solution. P III has shown that this organism 

was very susceptiole to QàCs in an acid range. 

Tables 25 and 2? snow that the medium ala1ine pH and high pH 

detergent sanitizers increased the activity of alr1 dimethyl ethyl 

benzyl ammoniuiì caloride against P. nosa as compared with the 

results presented in table 20. However, tne effectiveness of these 

detergent sanitizers was not as great as the low pH preparation. 

With ooth detergent sanitizers at all three gernicidal concentrations, 

tne effectìveness was not as great wnen one per cent whole mi1 was 

present in Navy iiard water, 

Experiment 3. Taoles 28 and 29 snow the effect of phosphates 

on the germicidal activity of two 0s against . The 

values presented are the average of three separate trials. The 

results obtained with para di_isobutyl phenoxy ethoxy dimetnyl benzyl 

anmoniwA chloride are shown in table 28, The non-buffered, buffered, 

and trisodìurn phosphate solutions showed about equal germicidal 

activity. The solutions containing tetrasodium pyrophosphate and the 

detergent sanitizer were muca aore active against P. aeruginosa than 
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T8l 26 

of destruction of Pseudomonas sa med alkaline 
ent itizer solution in different water 

-- Per cent organisnis killed at following 
Conc. of exposure periods in seconds; 

ater gerni. 15 30 60 120 300 

() () () (4) () () 

Distilled 50 99.741 99.879 99.98? 99.995 99.999 

Navy hard 99.575 99.742 99.901 99.919 99.985 

Navy hard pluz milk 63.127 82.051 88.534 95.7?? 99.814 

Distilled 75 99.917 99.979 99.98? 99.998 100.000 

Navy kard 99.68? 99.361 99.967 99.989 99.999 

Navy hard plus milk 67.071 86.369 97.649 99.405 99.935 

Distilled 100 99.91? 99.979 99.987 99.998 100.000 

Navy Iard 99.638 99.880 99.978 99.99? 100.000 

Navy hard plus milk 98.226 99.347 99.732 99.849 99.989 
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TàBLE 27 

Rate of destruction of Pseucìomonas osa a high terent 
!nitizer o1ution in í1erent tyDes 

Per cent orga isms killed at Ío1iowin 
Cono. of posure periods in secc 

dater gerL1._ 1ö ,30 60 ]20 30 

() () () () () 

Distilled bO 99.921 99,969 99.980 99.998 100.000 

Navy nard 99.828 99.912 99.973 99.988 99.996 

Lavy hard plus milk 72.30? 81.797 93.902 98.315 99.753 

Distilled 75 99.791 99.970 99.987 99.993 100.000 

Navy hard 99.791 99.845 99.940 99.977 99.997 

Navy hard plus milk 84.205 93.246 97.963 99.626 99.964 

Distilled 100 99.938 99.935 99.992 99.996 100.000 

Navy hard. 99.76? 99.856 99.972 99.993 100.000 

Navy hard plus ni1k 92.06? 98.082 99.532 99.1 99.400 
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TABLE 28 

Effect of and. addition on the ermicida1 vit 

henoy etho d.imetbyl azmoniuui ]oride int 
seudoaonas aeruinos 

Per cent organisms killed at following 
Cono. of exosure periods in seconds: 

Distilled. 50 7.5 63.564 83.163 90.326 94.532 97.401 

Borate buffer 9.5 67.942 79.815 87.028 93.840 97.818 

Pyrophosphate 9.3 99.992 99.999 100.000 100.000 100.000 

Trisodium phosphate 9.2 61.567 86.863 87.059 91.177 95.098 

Detergent sanitizer 9.2 99.999 100.000 100.000 100.000 100.000 

Distilled 100 7.4 96.927 98.275 98.800 99.364 99.72? 

.orate buffer 9,5 98.t6 99.47j 99.746 99.935 99.988 

?yrophosphate 9,4 99.999 100.000 100.000 100.000 100.000 

Trisod.iwn phosphate 9.3 94.902 96.556 98.360 99.190 99.772 

Detergent sanitizer 9.4 100.000 100.000 100.000 100.000 100.000 

Distilled 200 7.4 99.662 99.949 99.98? 99.999 100.000 

Borate buffer 9.5 99.999 100.000 100.000 100.000 100.000 

Pyrophosphate 9.5 100.000 100.000 100.000 100.000 100.000 

Trisodium phosphate 9,4 99.487 99.601 99.992 99.999 100.000 

Detergent sanitizer 9.5 100.000 100.000 100.000 100.000 100.000 



li 
tue non-buffered, buffered and trisodiuia phopuiate solutions. The 

detergent sanitizer solution appeared to be sligntly more active 

than the tetrasodiwn pyrophosphate plus QÁC. However the difference 

between the two solutions was slight. 

Table 29 shows tne results obtained with a1rl diinethyl ethyl 

benzyl ammonium ckLoride. Lxi ere appeared to be no difference between 

tue non-buffered, buffered and trisodiusi phosphate trials. However, 

tne tetrasodiurn pyropnospnate increased the effectiveness of tne 

germicide tremendously. A concentration of 50 ppm QAO destroyed 

between 97.5 and 98.2 per cent of tue . aerino cells in the case 

of the non-buffered, buffered and trisodium phosphate solutions after 

300 seconds exposure. Destruction was 100 per cent complete after 60 

seconds exposure wnen tetrasodiwn pyrophosphate was present. The 

same difference was noted when 100 ppm AC was used. concentration 

of 200 ppm QAC was too active to allow differences between the 

experimental conditions to be observed. 
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TAßL 29 

Effect of and phospaate adãition on the icida1 activity of 
a111 dinetny1 ethyl benzyl arnriìoni chi onde aainst ìseuomonas 

oea 

- 
Percent organisius killed at following 

Conc. of exposure ieriods in seconde: 
Compoind eri. pH 15 30 &O 120 _300 

(P2) (_) (i.) (Ä) () (s.) 

Distilled 50 7.4 9O822 93.715 96.007 96.853 97.503 

Bonate buffer 9.3 91.784 94C49 95.141 96.725 97.607 

Pyrophosphate 9.2 99.997 99.999 100.000 100.000 100.000 

Trisoditm phospnate 9.]. 90.11? 92.680 95.740 96,824 98.215 

Distilled 100 7.4 99.523 99.852 99.932 99.982 99.999 

Borate tïuZfer 9.4 99.980 99.989 99.997 99.999 100.000 

Pyrophosphate 

Tnisodi,rn phosphate 

9.3 

9.2 

99.99? 

99.214 

100.000 

99.860 

100.000 

99.920 

100.000 

99.980 

100.000 

99.998 

Distilled 20i) 7.2 100.000 100.000 100.000 100.000 100.000 

Borate Duffer 9.3 99.999 100.000 100.000 100.000 100.000 

Pyrophosphate 9.5 99.999 100.000 100.000 100.000 100.000 

nisodiuzn pnospkate 9.3 100.000 100.000 100.000 100.000 100.000 
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DISCUSS IO 

Results o± tnis study indicate tnat effect of ca1ciuii and 

magnejiva hard water salts against AC activity may be nullified if 

the C is used in cotnôination witz certain detergent sanitizer 

inreients. Wnetkier or not this same effect ou1d operate with iron 

salts in water has not been estblisaed. Liewise, further studies 

would have to be carried out to establish whether or not natural hard. 

waters would respond to txiis effect of detergent sanitizer ingredients 

on Q.0 action. Ánother effect of consìderÑle importance is the 

effect of detergent sanitizer salts on Q O activity in distilled water 

geraicide solutions. Tnis suggests either some factor associated. with 

a protective mechanism of the organism (possibly ions on the cell 

surface) or a potentiation of germicidal activity by the QC. Results 

on addition oÎ' various detergent sanitizer ingredients to QAC solutions 

in distilled water demonstrated that the compounds chiefly responsible 

for acceleration of germicidal activity was the poiyphospnate coiupomds, 

tetrasodiun pyrophosphate. Tais suggests the possibility tnat a 

sequestering effect on ions, such as Ca and Mg, may be responsible 

at least in part, for the greater activity of the AC in presence of 

tne polphospnate. 

ànother observation of considerable significance is the fact 

taat activity of a slower acting AC from a germicidal standpoint may 

oe accelerated in germicidal action to about the same degree as is 

possible with a xiore active QAC. For example, para ai-isobutyl 

pnenoxy etnoxy diethyl benzyl amnoniuru cnloride has consistently 
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sAown a slower rate of destru.ction of test oraniss than a11 

dixietny1 ethyl benzyl azimonium cnloriae in äistilled water solutions 

o tnese two geriniciaes. Yet, when ootn were prepareu. in a distilled 

water solution containing added polypnosphate ootn were accelerated 

in ermicida1 activity, but tiìeir highest activity wider such 

conditions was about equivalent. 

There nas been considerole controversy regarding the degree 

to widen organic matter inactivates QAC action. Results of this study 

indicate a pronounced inactivating effect on germicidal action of 

'àCs under all experiiental conditions employed. Tney also suggest 

that studies on germicidal action of detergent sanitizers should 

include this factor in order to better simulate natural use conditions 

for these preparations. In these trials with two representative 

species, presence of organic matter in tue forra of one per cent milk 

exerted a protective effect on each. At ootíi high and low pH levels, 

tne protective factor appeared to be more pronounced with . aernginosa. 

This may oe due to tne greater inherent resistance of . aeruinosa 

to Cs in general. 

The studies again brought out the striking relationsAip between 

pii, species of organism and hO activity. . aeinosa, a less acid 

tolerant species, showed greater susceptibility to QAC at low pH 

levels and E. an acici. tolerant species, showed sligntly greater 

resistance to Q.O at low pH levels. The reason for this relationship 

again is not clear, but it is significant that it occurred again in 

presence of tue accelerating detergent sanitizer ingredients. 

Contrary to some reports in the literature, adjustment of QC solutions 
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to a low pli level iìay oe nore effective in coping witu resistant 

PseuLiomonas species on food nandlin equipent tilan adjustnent to 

nign pli levels. 
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STh&RY AD COrCLUS IONS 

Use of synthetically prepared xard water (Navy specification no. 

2000) enaoled a study on effect oÍ tne tard water salts, calciuni and 

magnesium, on ericida1 activity of QACs alone anO. in the form of 

detergent sanitizers. Addition of one per cent whole cilk provided 

organic matter simulating that encountered wider practical use 

conditions for these preparations. 

QAC in tne ford o± a detergent sanitizer was more active 

tnan trie AO alone in tne case of two different QIOs in distilled 
water, hard water, and kìard water containing organic matter. Itesults 

indicated tnat the active agent accelerating QC action was tLe 

tetrasodium pyroospkiate. Trisodiwa phosphate showed no pronounced 

accelerating effect on QAC germicidal activity. 

A low pli detergeAlt sanitizer siowed greater activity against 

. aeruinos than a high pH preparation. On t.he other hand, ¿. coli 

appearea more resistant wider tue same conditions at a low pH tnan at 

nigiìer ph levels. 

The normally high resistance of P. aeruinosa to QCs appeared 

to e accentuated oy addition of organic matter in tue forni of wnole 

milk to tne detergent sanitizer solutions. hi1e . coli siowed 

greater resistance to QO in presence of organic matter, tais increase 

was not as pronounced as witn ?. aeruinosa under tile sarie exposure 

conditions. 
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PABT V 

P1ECT OF QUATEUIARY AMMONIUL QOMPODIWS O1 ACTIVITY OP LACTIC ACID 

STARTER BACTFRIA IN MILK ALD OflESE 

The increased application of SACs for dairy sanitation purposes 

has stimulated interest in the effect of various concentrations o± 

these compounds on tue rowtb. of lactic acid bacteria in milk. Tie 

prcbleui is iiiportant froi the standpoint of atteapts to prevent 

souring of milk or to reduce bacterial counts prior to delivery to 

the dairy plant. Another iportant factor is the effect of C on 

lactic acid bacteria in starters, cheese or other cultured milk 

products for which such milk might be employed. This study deals 

with the effect of various concentrations of ÁC on representative 

lactic acid starter bacteria. 
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MTEtIàL D ETHQDS 

Organiis. he organisms selected ±or this study included a 

sin1e strain lactic culture, tretococcs crem (R-6), a mixed 

strain coxnmercial lactic culture widely used in the manufacture of 

cottage and Cheddar cheese, and two Swiss cheese starter organisms, 

Lactobacil].us lactis (39a) and Streitopoce thermophilus (C-3). 

Germicid. The Q,C preparations employed were as follows: 

para di-isobutyl phenoxy ethoxy dimethyl benzyl ammonium chloride 

(o 1), Methyl dodecyl benzyl trimethyl ammonium chloride (QC 2), 

alkyl dimethyl benzyl ammonium chloride (QC 3), and a detergent 

sanitizer (DS) containing para di-isobutyl phenoxy ethoxy dimethyi 

benzyl aLmnoniui chloride. For purpose of comparison, a comniercial 

sodium hypochiorite (aOC1) also was inclu.ded. in tue trials. Concen- 

tration of QAC stock solution was established oy the titration method 

of Harper (94, pp.159-160) ana. concentration of the bypo- 

cialorite solution by titration with sodium thiosuiphate (210, pp. 

98-100). 

QC or hypochiorite from the stoc solution was added to 50 ml. 

quantities of sterile reconstituted skiai milk to provide added concen- 

trations in the milk of 0, 5, 10, 15, 20, 25, 30, 40, 50, 75, and 100 

ppm of the compowid under study. A concentration of 200 ppm available 

chlorine as hypochiorite was also used. 

It was recognized that the hypochlorite in the above concentrations 

in milì dissipates rapidly duo to reaction witi organic matter, and 

thus the above concentrations do not necessarily represent final 
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content of available chlorine iii tie railk. The QACs are more stable 

in railk tiian tue bjpoch1orites. 

Milks contaiziing tne various added concentrations of geruiicido 

were i11oc1l3ted with one per cent of tne respective cifitures and 

incubated as follows: Commercial lactic ci1ture 37.8° C.; . 

çrernoris, 3?.8 C.; S. theroìiils, 48° 0.; and . lactis, 44 C. 

After six hours incithation, tne titratable acidities were determined 

witri 1/lO NaCh to phenolphtb.alein end point. Incubation at temper- 

atures near tie maximum for the organisms involved has been employed 

as an activity test in other stuiies to more closely simulate manu- 

facturin conditions to which the lactic acid organisms are subjected 

(63, p.811) (102, p.247). 

The experiment also was repeated using sterile whole milk instead 

of skim milk to determine whether or not the presence of butterfat 

mign.t affect the bacteriostatic action of the various germicides. 

riais also were carried out using an incubation period of 16 hours 

at the following temperatures for the respective organisms: Commercial 

lactic culture, 21.1° C. ; S. cremoris, 21.10 0.; . thermohi, 
370 and L. ctis, 370 0. 

Triplicate experimental lots of Cheddar cheese were made with 

iii1k containing O, 5, and 10 pn alkyl dixnethyl benzyl ammonium 

chloride. The commercial lactic culture was used for these trials. 

One lot of cheese was ¿nade with 20 ppm in the cheese milk. Effect of 

the QC was followed by acidity measurement at various stages of 

manufacture. 



RESULTS 

Results of tne trials are shown in tables 30 to 32. Eacn value 

in the table represents the average of three experiner.ts run on 

separate days. The valu.es obtained in the three different experiments 

were practically identical throuout. It will be noted that ti- 

tratable acidities of inoculated milks were slightly lower t1n the 

uninoculated control, This may be explained by the neutralizing 

effect of the cation of the respective germicide coupoimds added to 

the milk. 

Table 30 shows the effect of the various germicides on growth 

and acid production of the starter organisms at temperatures near 

their maximi.ua. Slight inhibition of acid production Dy ppm of the 

respective QLCs or txe detergent sanitizer was evident in the case 

of each culture. Tue degree of inhibition increased progressively 

with an increase in the concentration of the compound. Inhibition 

was almost complete with 25 to 30 pn of QAC in the milk. In generai, 

tne degree of inhibition of the organisms used was similar. The 

results suggest that thermophilus showed slightly greater re- 

sistance to bacteriostatic effect of the QCs than the other organisms. 

All titratable acidities, including the control, were somewhat low 

in the case of . lactis because the culture was not fully activated 

following removal from the stock culture. However, the results are 

representative of the comparative inhioition o± different concen- 

trations and compounds against this type of organism. 

The effect of the Q,Cs and detergent sanitizer on acid productn 



TABLE 30 

Effect of various mternary aznrnonium coipounds and a sodium hypoohiorite on acid deveent of 
different lactic acid starter bacteria durin.g a six hour incifoation ieriod skixninilk at 

temperatures near their maxiu 

Titratab1e acidity developed in sterile skimmilk containing the 
Incub.Germi- lowi pm concentrations of ermicide: 

Commercial 37.8 
lactic 
culture 

2. creinoris 37.8 
R-6 

. trxercoohi1us 48.0 
0-3 

. lactis 44.0 
39a 

QAO i 0.40 0.29 0.24 0.22 0.19 0.19 0.18 0.17 0.17 0.16 0.16 
QAC 2 0.40 0.32 0.24 0.22 0.20 0.19 0.18 0.18 0.17 0.16 0.16 
Q40 3 0.39 0.32 0.25 0.21 0.19 0.18 0.18 0.18 0.17 0.].? 0.3.6 

DS 0.40 0.31 0.24 0.22 0.19 0.18 0.18 0.17 0.17 O.lo 0.16 
NaOC1 0.38 0.37 0.37 0.37 0.36 0.36 0.35 0.31 0.30 0.24 0.21 

QAC i 0.34 0.32 0.30 0.26 0.23 0.19 0.18 0.17 0.17 0.16 0.16 
Q40 2 0.35 0.33 0.28 0.25 0.22 0.19 0.18 0.1? 0.17 0.16 0.16 
QA.0 3 0.36 0.33 0.30 0.27 0.2b 0.21 0.20 0.1? 0.17 0.16 0.16 
£ 0.34 0.33 0.29 0.25 0.21 0.19 0.17 0.1? 0.17 0.16 0.16 

a0C1 0.34 0.34 0.33 0.33 0.33 0.32 0.32 0.30 0.28 0.26 0.19 
QAC 3. 0.34 0.30 0.29 0ó2? 0.25 0.24 0.22 0.19 0.1? 0.15 0.14 
Q.A0 2 0.31 0.29 0.27 0.2? 0.24 0.24 0.21 0.19 0.16 0.15 0.14 

C 3 0.32 0.28 0.27 0.26 0.24 0.23 0.23 0.19 0.17 0.15 0.14 
DS 0.2 0.30 0.27 0.5 0.23 0..3 0.22 0.18 0.16 0.15 0.14 
NaOCi 0.31 0.31 0.31 0.30 0.30 0.29 0.28 0.27 0.2b 0.24 0.23 

Qà0 1 0.30 0.29 0.2b 0.2 0.20 0.20 0.20 0.18 0.18 0.18 0.16 
Q)C 2 0.31 0.28 0.28 0.26 0.23 0.21 0.19 0.19 0.18 0.17 0.16 
A0 3 0.32 0.30 0.27 0.24 0.21 0.2]. 0.19 0.19 0.18 0.1? 0.17 
D8 0.30 0.29 0.26 0.23 0.20 0.19 0.19 0.18 0.18 0.1? 0.16 
a001 0.29 ù.30 0.30 0.óO 0.29 0.29 0.28 0.28 0.2b 0.25 0.23 

Titratable acidity of uninoculated control vas 0.18 per cent. 

O 16 

o i? 

O 15 

o 18 
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in enera1 was aoout tue saine. Tne sodiuta iìypochlorite, nowever, 

siowed no pronounced iniiibition of acid production until its added 

available ciulorine concentration exceeded 50 ppm. Complete inhibition 

apparently occurred at a concentration oetween 100 and 200 ppm. 

As snown in table 31, tne presence of the milk fat d.iU not 

greatly affect trie bacteriostatic action of the hCs. Vilien trie 

experiment, as snown in ta1e 30, was repeated with wnole uiilk instead 

of skim ini1c, identical results were obtained. 

Other stuaies nave snown that the innibitory effect of QCs is 

not materially reduced oy pasteurization of tue i1k after their 

aaàition. However, nore severe heat treatient, sucn as sterilization, 
may reuce tue inzxioitory effect of tnese compowìu.s. 

Table 32 snows tue inniDition by the various compounds at incu- 

bation temperatures normally employeu for tne ciiuferent cultures. 

Aie relative effect of all types of germicid.es was less pronounced at 

tne lower incuoation temperatures truan at near-maximum temperatures. 

itn one exception, cotplete inkiibition oy the Q,&Os present was not 

effectea until tuie concentration reached 50 to 75 ppm. As much as 

200 ppm sodium ypochiorite did not complete1y inhibit growth at the 

normal incoation temperature of the respective cultures. The . 

cremoris and cocirercial lactic culture appeared to be more sus- 

ceptible to bacteriostatic effect of tne QCs tnan . thermophilus 

or . lactis. The methyl dodecyl benzyl trimethyl monium chloride 

appeared less bacteriostatic against the lactic acid bacteria studied 

on a ppm basis tun tne other QC preparations used. 

Tne effect of a C (alirl dimetnyl benzyl ammonium chloride) on 



TABLE 31 

Effect of various ouaterna anunoniuin coapounds and a sodium 1ypoch1orite on acid deve]pe2t of 
different lactic acid starter bacteria a six hour incubation in sterile o1e milk 

at temoeratures near their maximum 

Culture 
Incub. Germi- 
tezp. dde 

Titratabie acidity developed in sterile whole milk containing 
the fol1owinomconcentratiQns of ermicide: 

J 

O 5 10 15 20 25 30 40 50 75 100 200 
() (ii) () () () ( (i) () (À) (i) () () 

Commercial 37.8 QAC i 0.30 0.28 0.26 0.23 0.22 0.21 0.21 0.20 0.18 0.1? 0.16 
lactic QAC 2 0.30 0.27 0.25 0.24 0.23 0.22 0.21 0.19 0.19 0.18 0.1? 
culture QAC 3 0.31 0.29 026 0.24 0.23 0.22 0.21 0.19 0.19 0.18 0.16 

1)8 0.31 0.28 0.2k 0.23 0.22 0.21 0.21 0.20 0i8 0.1? 0.16 
NaOCÌ 0.31 0.31 0.30 0.31 0.31 0.30 0.29 0.28 0.2? 0.24 0.22 0.16 

... cremona 37,8 Q.á.0 i 0.26 0.24 0.23 0.22 0.21 0.20 0.19 0.18 0.18 0.1? 0.15 
*6 QAC 2 0.45 0.23 0.23 0.21 0.20 0.20 0.19 0.19 0.18 0.1? 0.15 

QAU 3 0.25 0.23 0.22 0.21 0.20 0.20 0.19 0.19 0.18 0.1? 0.15 
DS 0.2b 0.24 0.23 0.22 0.20 0.20 0.19 0.18 0.17 0.16 0.15 
NaOCi 0.24 0.24 0.24 0.24 0.24 0.23 0.23 0.23 0.22 0.20 0.20 0.15 

... thermophilus 48.0 Q$0 i 0.34 0.33 0.29 0.28 0.2? 0.23 0.22 0.20 0.19 0.1? 0.1? 
0-3 Q.A0 2 0.34 0.34 0.33 0.28 0.26 0.2b 0.22 0.20 0.19 0,18 0.16 

QAC 3 0.35 0.33 0.30 0.27 0.26 0.24 0.22 0.20 0.18 0.18 0.1? 
DS 0.34 0.33 0.2? 0.26 0.25 0.23 0.22 0.20 u.19 0.1? 0.16 
iaO0i 0.36 0.35 0.36 0.35 0.3o 0.35 0.33 0.34 0.33 0.31 0.26 0.18 

.* lactis 44.0 Q.A0 i 0.30 0.30 0.2? 0.25 0.24 0.22 0.21 0.20 0.20 0.18 0.18 
39a QAC 2 0.30 0.29 0.28 0.2? 0.26 0.23 0.22 0.22 0.20 0.19 0.1? 

QAC 3 0.30 0.28 0.2? 0.27 0.26 0.23 0.22 0.21 0.21 0.19 0.18 
DS 0.30 0.28 0.2? 0.2ö 0.23 0.22 0.22 0.21 0.20 0.19 0.1? 
NaQOl 0.28 0.29 0.29 0.29 0.29 0.29 0.29 0.27 0.28 0.26 0.24 0.17 

Titrataole acidity of uninoculated control was 0.18 per cent. 



TABLE 32 

EÍfect of various puaterna ammonium corpounds and a sodium poch1orite acid 10 ment of 
different lactic acid. starter bacteria ur ncubatio riod in sterile skinmilk 

norxnaj temperatures 
- - - - 

Titraablecity developedinserile skimnmilk containing the 
Incub.Gerini- following ppm concentrations of germicide: 

Qiture temp. oide O 5 1.0 l 20 25 30 40 50 75 100 200 

2.Qt. (Ä) () () () () (ii) (Á) () () ) () () 
Commercial 21.1 QA0 i 0.79 0.7? 0.70 0.63 0.48 0.37 0.32 0.23 0.21 0.18 0.16 
lactic A0 2 0.82 O.?8 0.74 0.68 0.61 0.43 0.34 0.24 0.21 0.18 0.16 
culture (.0 3 0.79 0.72 0.o? 0.57 0.48 0.39 0.32 0.23 0.20 0.17 0.17 

DS 0.79 0,75 0.72 0.6.3 0.4, 0.34 0.30 0.23 0.19 0.16 0.15 
haOQi 0.79 0.80 0.80 0.80 0.79 0.79 0.78 0.78 0.78 0.71 0.72 0.b3 

cremona 21.1 A0 i 0.71 0.68 0.65 0.59 0.53 0.30 0.26 0.21 0.19 0.17 0.16 .!' 
a-6 0 2 0.72 0.69 0.67 0.64 0.59 0.48 0.35 0.27 0.22 0i? 0.16 

qAc 3 0.71 0.68 0.63 0.58 0e48 0.32 0.26 0.20 0.18 0.1? 0.16 
:Ds 0.ö9 0.6? 0.63 0.58 0.43 0.30 O2b 0.2]. 0.18 0.16 0.15 
NaOCI 0.71 0.71 0.72 0.72 0.71 0.70 0.71 0.69 0.70 0.68 0.6? 0.59 

i' thermophilus 37.0 QAC i 0.?4 0.6b 0.61 0.59 0.59 0.52 0.49 0.44 0.28 0.18 0.14 
o-3 AO 2 0.72 0./i 0.68 0.65 0.65 0.62 0.54 0.42 0.27 0.20 0.14 

QAC 3 0.69 0.62 0.61 0.56 0.56 0.52 0.48 0.39 0.2? 0.16 0.15 
DS 0.73 0.71 0.64 0.60 0.53 0.48 0.42 0.36 0.25 0.16 0.14 
a0C1 0.72 0.72 0.71 0.71 0.71 0.70 0.68 0.6? 0.65 0.59 0.55 0.40 

.l lactis Q40 1 0.78 0.77 0.69 0.67 0.60 0.52 0.49 0.42 0.28 0.15 0.14 
39a QAO 2 0.?? 0.76 0.72 0.68 0.63 0.59 0.54 0.46 0.31 0.24 0.14 

Qiac 3 0.75 0.6? 0.64 0.61 0.58 0.54 0.50 0.44 0.32 0.16 0.14 
DS 0.77 0.74 0.70 0.63 0.57 0.o2 0.48 0.46 0,31 0.15 0.12 
NaOCi 0.75 0.75 0.75 0.75 0.76 0.75 0.75 0.74 0.72 0.65 0.63 0.46 

Titratable acidity of uninoculated control was 0.18 per cent. 
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acid. production during manufacture of Cheddar cheese is shown in table 

33. Since only two experimental vats were available for a single 

trial, it was necessary to include a O pji control vat for each concen- 

tration of QC studied. Thus, on one day, one vat contained O and the 

second 5 ppm, and on the next day one contained. O and the second 10 

ppm ÇAC. The entire exeriment including 0, 5, and 10 ppm was run 

three tines on successive days. The results were highly consistent 

through all three experiments and table 33 represents a typical trial. 

A concentration of 5 pj QC in the cheese milk delayed milling time 

about 15 minutos over the control with no AC. A delay in milling 

time of 45 to 60 minutes occurred with 10 ppm QC in the cheese milk. 

In an additional trial with 20 p a1ir1 dimetbyl benzyl amonium 

chloride to cheese milk, the acidity of the whey reached 

only 0.20 per cent during a 7.5-hour manufacturing period. 
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TABLE 33 

Effect of added pternary ammonium compound cheese 1k acid 
development during manufacture of Cheddar cheese 

Change in per cent titratable acidity 
with the following concentrations of 
puaternary ammonium compound: 

Control QAC Control AC 
Operation Time Q pu 5 ppm O ppm IO ppm 

hours :minutes () () () () 

Received. milk 0:00 0.1? 0.17 0.17 0.17 
Added starter 0:15 0.18 0.18 0.17 0.17 
Added rennet 1:15 0.19 0.19 0.18 0.18 
Cut curd 1:45 0.12 0.12 0.13 0.13 
Began cooking 2:00 0.12 0.12 0.13 0.13 
Steam off 2:30 0.14 0.14 0.14 0.14 
Drained whey 3:30 0.16 0.16 0.17 0.16 
Pacea curd 3:45 0.21 0.21 0.23 0.18 
Cheddared 4:00 0.2? 0.26 0.30 0.23 

4:15 0.34 0.31 0.40 
4:30 0.39 0.37 0.45 0.30 
4:45 0.44 0.42 0.52* 0.33 
5:00 0.52* 0.48 0.36 
5:15 0.52 0.40 
5:30 0.48 
5:45 0.54* 

* Milling time 
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DISCUS$ ION 

k2e ffiifli2U1 concentration oZ ppm QjC thcied to miùc in these 

stuLies cai.sed very s1iut ixthiitiox of four different lactic acid 

starter cultures. If excessive qu.ntities of QAO snoula enter the 

milk supply, tk.rouÎi intentional adulteration or accident, definite 
ixhibition of lactic acid starter bacteria mar occur. The effect of 

Aiher concentrations of tnese conpounds (5 to 10 ppni) would vary with 

the manufacturing conditions euployed for a dairy product. For 

examle, the effect miit be more pronounced in raanufacture of Cheddar 

cheese tnan in cottage cheese or buttermilk. Presuab1y, tne near- 

maxinurn growth temperature employed in Cheddar cheese inaimfacture 

accentuates the bacteriostatic effect of the germicide on lactic 
starter organisms. The delay of 45 to 60 ninutes in iliing tinLe 

caused by 10 ppm cC is considered siniuìcant. Such an extension in 

tine would be detriniental to economical operation of a cheese plant. 
A concentration of 5 ppi of these corapounds in the cheese milk aight 

not cause a noticeable delay in acid deve1opnent in such a product. 
Another problem suested., but not investigated in these studies, is 
the possible effect of AOs in the cheese milk on rate of ripening 
and final flavor of the cheese. 

Results of these studies empbasize that a delay in souring of 

raw milk uìay be accomplished by as little as 20 ppn of C. Unless a 

milk grader is familiar with the bitter flavor contributed to iilk by 

QACs, ne may fai]. to detect such a quantity in the milk. However, 

concentrations as low as 5 ppm of these compounds in milk can be 
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detected by a iodif led eosln indicator titration method developed in 

tne course of these studies. 
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SUMMAhY AhL CONCLUSIONS 

A study was carried out on the effect of three àCs, a quaternary 

containing detergent sanitizer, and a sodiuia bpocblorite on acid. 

deve1opuent by four types of lactic acid starters in sterile skim. i1k 

and whole xii1k. 

All of the cultures (S. crernoris, a mixed strain cornraercial lactic 

culture, L. lactis and S. thermohilus) were slightly inhibited by 5 

ppm of each of the QACs added to the milk. 

The inhibition of acid development was nearly complete in all 

cultures with 25 to 30 ppm of AC in the milk, when tne organisms 

were incubated at temperatures near their iaximum. At incubation 

temperatures normal1y used for culturing the organiscs, 50 ppm of 

tnese compounds in the milk effected nearly complete inhibition. 

Milling tiie was delayed 15 minutes oy presence of 5pm, and 45 

to 60 minutes by 10 ppm Q,.0 in the rnìufacture of experimental Cheddar 

cheese. 

esults obtained snggest the necessity of ep1oying farm and 

plait sanitizing procedures that will avoia contamination of milk 

witn inhibitory concentrations of QACs. 
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P.A.R VI 

A RAPID METHOD OF TEST L1G POR QUA NARY MCYNIUM COMPOUNDS IN LiILK 

The ap1ication of Cs for various dairy sanitative operations 

has resulted in a need. for a siip1e, sensitive method of deterziining 

concentration of these conipoiinds in iailk. Presence of certain types 

of QACs in niîik nay be detected. orani1eptica11y in concentrations as 

low as seven ppm; minimum concentration o± other coxrpotuicis detectable 

ii mîl y taste nay be as iÍi as 56 ppm (123, p.503). However, 

detection of these compowids by organoleptic test in general is neither 

sufficiently nor practical for dairy plants or inspectors. 

As ibas oeen shown in PART V of this thesis, small amounts of 

QA0 have a detrLiental effect on lactic aci starter bacteria. There- 

fore, it is important that soie simple method be available to deteriiiine 

the presence oÍ' these conipoimds in milk. Various test wetbods have 

been recornnended to determine concentration of QJW in water solution 

and in certain foods. However, no known test procedure has proven 

accurate in determining low concentrations of these coapounds in 

The test method presented here is a modification of a procedure 

reco'ended by Harper et ai. (94, pp.l59, 160) for the determination 

of QACs in water solution. 
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ÁND WTHODS 

Indicator solution. (a) dissolve eosin yellowish dye (re 

concentration 0± about 90 per cent, Biological Coìission Color Index 

768) in acetone (analytical reagent) at he rate of 0.5 m. of dye 

to 1. ini. of acetone. (b) Add acetone-eosin solution to tetrachioro- 

ethaxe,(tecxìnica1 grade) at tne rate of i nil. of acetone-eosin to 9 

Lui. of tetracüoroethane. (c) emove tne reddisn color fror the 

solution .oy adding citric acid crystals (onohydrate, analytical 

reagent) at txe rate of io m. of crystals to each ¡al. of dye solution. 

(d) Shae for I iainute or until tne red color disappears. (e) 

Filter tnroug filter paper. 

Buffer. Prepare a solution of citric acid (iaononydrate, analyti- 

cal reagent) at the rate of 25 to 100 ini. distilled water and 

adjust to pH 3.5 with 50 per cent NaGH (analytical reagent). Approxi- 

mately 12 ml. of Na to 100 ml. of citric acid solution usuily are 

i. 

nionic solution. Prepare a 0.01 per cent solution of active 

anionic compound from 10 per cent Fisher Laboratory Aerosol (10 per 

cent di-octyl sodium sulfosuccinate). This represents approximately 

a 1/1000 dilution of the lO por cent Aerosol. Other anionic surface 

active agents may prove suitable for tnis solution. 

Preiaration L standards. Pxepre tan&.rds for comparison by 

adding known concentrations of tne desired 0s to unhomogenized milk 

samples to provide final concentrations covering the range suspected 
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in tne test saxaples. ¶iiis inethoa of standardization is necessary 

because different C preparations yield different titration values, 

and interpretation of tne titration end point varies with different 

individuals. 

Procedure, 1. Place i mi. of the milk to be analyzed in a 

test tube. Add. 5 ml. of distilled water, i ml. of indicator solution, 

and 0.2 ml. of buffer solution. P1u test tube with a cork stopper 

and shae viorous1y for 10 seconds. 

2. Centrifuge to separate solvent fraction froa milk solids ad 

water. This may be accomplished by centrifuging for 5 minutes at 3200 

RPi'h in a 10-inch centrifuge. A Babcock centrifuge can be used, but may 

require as long as 25 riinutes for the se operation. Three distinct 

layers should be apparent following tne centrifuging. The top layer 

should be a liquid; the middle layer should consist chiefly of 

precipitated protein; and the lower layer should consist of tzAe solvent 

containing most of the Q0 in the sample. The procedure up to this 

point may be eloyed as a gualitative test for detection of Qk0s 

in milk. Presence of these compounds is indicated by development of 

a red color in the solvent layer. A pírk to red color usually 

indicates at least 5 ppni QA0. he subsequent steps in tne procedure 

outlined below are necessary for an approximate determination of the 

aLrtourlt present. 

3. Rexaove the top layer. Pour out the solvent layer into a 

second tube. The precipitated protein should adhere to the first 

tube wen tne solvent layer is transferred. Plush remaining solvent 
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fraction from this tuoe with b ini. of distilled water. ransfer this 

water to the solvent in the seeoaa tube and agitate for about 5 

seconds to thoroui1y uiix cofltents. Tne rate of separation oÍ' solvent 

froa the water layer can be accierated by centrifuging ±'or about 20 

seconds. ìeove te top layer. Wash the solvent layer in the tune 

twice sore. Each of these wasnings should consist of addition of S 

ml. of water to the solvent in the tube, agitation of contents, 

centrifuging for 20 seconds, and rernoval of the water layer. 

4. Add 1 ial. of distilled water and 0.1 ini. of buífer to the 

solvent layer after the last washing. Titrate this rixture with 

standard. anionic solution. Ad4 slowly ana shake until the red color 

of the lower layer is removed. The quantity of Q40 is indicated by 

ml. of anionic solution required to remove the red color. A 

microburette facilitates this titration. In so«ie samples, pinents 

sucn as carotene may slîgntly masi the red color formed oy QAO and 

eosin. A few experimental trials, however, should enable accurate 

interpretation of tae end point. 

Test sainìes. In trials to evaluate tne accuracy of the new 

igetnod for determination of QO in milk, each compound to be tested 

was made into a distilled water solution containing 500 ppm according 

to tÀe concentration specified by the manufacturer. kie concentration 

of this solution was checked by the test method of Harper (94, 

pp.159, 160). The necessary quantity of the respective stock solution 

taon was added to various milk samples so that the final QC content 

would be 0, 5, 10, 25, 50, and 100 ppm, respectively. 1e recommended 
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test proceure outlined above tLLen was used to determine tne concen- 

tration of txais corapouth in each of e milk saìp1es. Samples were 

prepared in such a manner that their Q)C content was not known to the 

operator conducting tae titrations. 
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RhSULTS 

The quantity of anionic solution required to titrate O to 100 pp 

of different types o± QACs in milk by the new ixiethoã is shown in table 

34. Results indicate tile cietnod to be reasonable consistent for the 

types of Cs tested. Expected differences in titration values 

occurred between different types of txee corapowicis. Results similar 

to those shown have been obtained on li different types of QCs ax.d 

3 detergent sanitizers aaLed to milk. boine difficulty has been experi- 

encea in determining concentrations greater than 100 ppm. Tne most 

consistent results uave been obtained when concentrations of 50 to 

100 ppm (AC were present in milk. 

The actual percentage recovery of the original AC a&ed to the 

milk sales was not determined in &hese studies. â nunber of trials 

indicate tnat more tnan half of the original compound added to the 

milk was recovered in the final, washed solvent fraction titrated in 

step 4 of the procedure. Results in table 34 and. in a large number 

of other trials indicated the percentage recovery in this fraction to 

be fairly consistent. If desired, tue recovery of QO can be increased 

by subjecting wash water and milk solids fractions removed in step 3 

of the procedure to further extractions by the indicator solution and 

washing until all QAC has been recovered. ìe recovered compound can 

be titrated as in step 4. However, under normal conditions, where 

suitable standards for comparison are included, tne additional 

extractions are unnecessary. 

There was a difference in tne srrpness of the end point When 



136 

TBL 34 

Qantity of anionic solution reQuired to titrate various concentrations 
of added uaternary amioniim compound milk 

ni, of anionic solution to titrate 
concentrations of QAC in mi].k 

QAC Q ppm 5 ppm 10 ppm 25 ppm 50 

the fol1owin 

ppm 100 ppm 
(3.) (a.) (.) (si.) () 

à1]r1 diiaetnyl beuzyl 0.00' 0.05 0.14 0.35 0.65 1.20 
ammonium chloride 0.00 0.05 0.12 0.3? 0.6? 1.21 

0.00 0.06 0.14 0.33 0.60 1.18 
0.00' 0.05 0.13 0.32 0.65 1.14 
0.00 0.04 0.13 0.33 0.62 1.19 

Para di-isobutyl phenoxy 0.00' 0.05 0.14 0.29 0.61 1.19 
ethoxy dimethyl benzyl 0.00 0.04 0.15 0.29 0.64 1.21 
ammonium chloride 0.00 0.05 0.13 0,36 0.61 1.17 

0.00' 0.03 0.12 0.32 0.62 1.20 
0.00 0a03 0.13 0.29 0.57 1.14 

}4etbyl a.odecyl benayl 0.00' 0.03 0.04 0.21 0.30 0.70 
trimethyl ammonium 0.00 0.04 0.08 0.22 0.35 0.64 
chloride 0.00 0.03 0.07 0.22 0.34 0.68 

0.00' 0.03 0.0? 0.23 0.34 0.66 
0.00 0.03 0.09 0.19 0.34 0.55 

The first three values for each QAC represents triplicate 
determinations on one set of unknown; the last two values represent 
duplicate determinations on another set of unknown samples prepared 
the following day. 
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different types of QCs were tested.. However, little d.ifficu.lty 

was experienced in esta1ishin the true end point. The intensity of 

red color in te solvent layer äecreaec1 progressively as the concen- 

tration of QC decreased froni 100 to 5 ppi. Certain coxnpouth (for 

exap1e, a1r1 äi.etkrl benzyl aìiaonium chloride) produced a red color 

in trie solvent layer at concentrations below 5 ppm and levels 2 to 3 

ppm of this compound in milk could be determined with a microburette. 

Thus far, no false positive tests with this method have been 

encountered during several hundred determinations on various types of 

raw and pasteurized mixed herd milks, as well as on individual cow or 

herd milks. Results obtained on sour milk containing QC were similar 

to those obtained on fresh milk, However, difficulty was encountered 

in detorxainin concentrations of this compound added to homogenized 

milk. 

modification of this method for LO determination in milk also 

may be applied to QC determination of water solutions of detergent 

sanitizers. Detergent compounds in the preparation must be removed 

by successive washings by trie same proceaure used in the above method 

for determining this compound in milk. 
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IISOUS$ION 

Tue sinp1icity aarn consistent results obtained with the eoin- 
ithicator titratiou ¡isthod for Q)Cs in milk should enable its appli- 

cation for detection ot gross Q)C contauination of ri1k. he first 
two steps of tne procedure may be eip1oyed as a presptive or 

qua1itative test. Samples can be e1iiiinated if no red color is present 

in txie solvent layer at this stage. If the solvent fraction ethibits 

a red color, the subseqiient washing steps and titration should provide 

an accurate indication of total quantity of ÁG present. The type of 

O in tne test sample must be own to prepare the appropriate 

standards for an accurate deteruiination. 

Tne most accurate range for QC determinations for either milk or 

detergent sanitizers appears to be about 5 to 100 ppm. If concen- 

trations higher than 100 pu are expected, tne milk may be diluted to 

bring tho Q.àC content of the sample in this range. irther stuhies 

are needed to establish accuracy of this method for determining 

concentration of AC in milk at levels lower tnan 5 ppm. The reason 

for differences in sensitivity with different ty-pes o± QCs has not 

been investigated. The results obtained with this method indicate, 

nowever, that it should e sensitive enoun to detect levels of C 

that might be inhi'itory to lactic acid bacteria in milk. 

Further investigation also is necessary to fully explain the 

reactions between QCs and eosin indicator. Apparently the successive 

washings remove certain compounds that interfere with the reversal of 

this reaction by the anion in the titration solution. The principle 
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of removal of interfering factors also is iLtportant for àC ¿ìetermi- 

nation on detergent sanitizer and buffered C solutions. Unless this 

washing is sufficiently thorough and compiete the final accurate 

titration of AC present in the solvent fraction is difficult or 

impossible. 

Preliminary observations and a consideration of the general 

procedure involved suggest tnat this method or modifications of it 

ay be employed for detection of q1à.Cs in certain foods other than milk. 
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S1M.áRY A4J) CONCLUSIONS 

A method has been developed for deterriiination of Qà.Cs in milk. 

It is based on extraction ath precipitation o± Q C in a tetrachioro- 

etbaie-acetone-eosin indicator solu.tion, Interfering factors in tbe 

solvent indicator are removed by successive waiAings witk distilled 

water and AC then is titrated witn a standard solution of anionic 

surí'ace active agent. 

The first two steps of the procedure may serve as a presumptive 

or qualitative test for detection of QAO in milk. The subsequent 

steps are necessary for a determi.nation of quantity of LC present. 

The method has proven suitable for determination of concentration in 

milk Of c.0 preparations commonly employed in dairy sanitation 

procedures. iith suitable standards for comparison, the method will 

determine quantities of QAC in the range of 5 to 100 ppm in milk. 
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CONCLUS IONS 

Sodium nypochiorite in a concentration of 50 ppm d.etroyed all 

ee118 of E. coli, À. aeroenes, P. inosaL Sarcìsp. and. . 

var. in 15 seconds when tested by the Weber and Black 

metnod. Lithium hyoch1orite demonstrated germicidal activity almost 

as great as sodium hypochiorite with the one exception that it required 

60 seconds to kill all P. aeruiosa cells; whereas, sodiun nypocnlorite 

destroyed txiem in 15 seconds. Experirtental conditions perxiitted rio 

furtner differentiation in &ermicidal activity o± the two coiounds. 

Âli:yl diretny1 beazyl amcioniura chloride ar para iisobutyl 

phenoxy etnoxy dinietkiyl uenzyl anriioniur cnlori.ãe were most effective 

agairist Â. aeroeries aad least effective against P. aeriuo. 

Concentrations of 50 ppm of al.ri dimethyl ethyl benzyl ammonium 

enloricte and a detergent sanitizer containing para di-isobutyl pnenoxy 

etnoxy dhaethii benzyl ammonium cnloriae destroyed all cells of . li 

in 15 seconds. Á1ìr i dirnetLiyl benzyl ammonium ciloride1 para di- 

isobutyl pienoxy etnoxy benzyl ammonium chloride and xetnyl ciodecyl 

oenzyl triinethyl ammonium cnloride followed tiaese two QÂCs in 

decreasing sequence in germicidal activity. There appeared to be no 

consistent relationship between the Gram reaction and susceptibility 

of various bacterial species to QC germicides. 

One (Nytron) out of nine anionic surface active agents (Nacconal 

x3 Nacconal NRCL, Nytron, Stepanate, Alinol 1ii, Kleer More fleer 

iior Special1 i)uponal Paste and M 189) added in concentrations of 0.01 

per cent to 50 ppm sodium hypocìilorite solution markedly lowered the 
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available ckilorine content after an exposure period of 48 hours. io 
(Igeoal CA Extra and. Sterox CD) nonionic surface active agents out of 

five (Igepal CA Extras Santomerse ir 1, Neitronyx 6OO Sterox OD and 

X-100) decreased trie available chlorine content of 50 ppm sodium hypo- 

cnlorite when addea in concentration of 0.01 per cent. Only Stepanate 

and Thponal Paste did not cause a material aecrease in available 

chlorine when the surface active agents were added in a concentration 

of 0.10 per cent. 

A concentration of 25 pm sodiu hypochlorite at ph 8.0 alone and 

in conthination with five different surface active a ents (antonìerse 

1, X-100, Nacconal NROL, Alkanol DM and Stepanate) destroyed all 
cells of i. caseolyticus in trie minimum test period of lb secouas 

eip1oyed. Consequently, in order to obtain an end point to evaluate 

germicidal activity of tne hypoenlorite alone and in comoination with 

surface active agents, the pH was adjusted to 10.0 an the chlorine 

content increased to 50 ppm. Under tuese conditions, no material 

increase in erraicida1 activity against 14. caseolyticus appeared to be 

contriuted the presence of the surface active agent, and. a coricen- 

tration of 0.05 per cent X-100 appeared to decrease tne effectiveness 

of the ernicide. 

More than 96 per cent of a standard suspension of . cereus 

spores were destroyed in 20 minutes by all solitions of 200 ppm sodium 

hypocnlorite alone and. in coaoination witn three surface active agents 

(Santomerse 1, Nacconal NhOL ana A1anol Divi), respectively. wo 

surface active agents (tepanate a X-100) wuen added at ;iie rate of 

0.05 per cent allowed only $6.58? and 83.3ó2 per cent destniction, 
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respectively, under tne sarae test conditions. Combinations of 200 

ppx1 sodiuni hypochiorite with 0.01 per cent of eacn of the five surface 

active agents respectively, destroyed iuore tkian 96 per cent of tne . 

cereu.8 spores in 20 minutes. 

SligkAt chances in pH of hypochiorite solutions nave been shown 

to be far more irnportant in determininE, their gernicida1 activity than 

tue presence of cotapatibie surface active agents. 

¶ne effect of pH within the range of 3.0 to 10.0 on the eriicida1 

activity of alicyl dimetììyl ethyl benzyl waiuonium chloride, para di- 

isobutyl pnenoxy ethoxy àirnethyl beuzyl amoniun chloride, methyl 

dodecyl benzyl trimethyl ainraoniuin chloride ano. a1iT1 dimethyl benzyl 

aonium chloride against P. aerga, E. colt and . caseocus 
was determined. 

Alkyl dimethyl ethyl beuzyl annonium chloride was most active 

against . aerwinosa at pH 3.0 to ?.5. The activity of the jAC 

decreased as the pH value increased froa 7.5 to 9.0. A slight increase 

in activity occurred as the pH value increased from 9.0 to 10.0. The 

germicidal activity of the QAC against E. coli and . caseo1yticu was 

least at pH 3.0 to .0. The activity against these two organisms 

increased at pH values above 4.0 to a maximum at pH 8.0. It then 

decreased from pH 8.0 to 9.0 and increased again from pH 9.0 to 10.0. 

Para di-isobutyl pnenoxy ethoxy ó.imethyl benzyl ammonium chloride 

was most germicidal against P. aerujinosa at pH 3.0 to 6.0. The 

activity decreased as tne ph rose to 9.0 and tnen increased slightly 
from pH 9.0 to 10.0. The germicida]. activity of the QAC against . 

coli and i. caseolyticus was poorest at pH 3.0 to 6.0. It increased 
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a the pli increased above 6.0 to a maxiniuin activity at pli 8.0. 1'ne 

errnjcjdai activity then decreased at pH 8.0 to 9.0 and again increased 

at pli 9.0 to 10.0. 

Metbyl dodecyl benzyl trimetnyl anìnonium chloriae activity 

against . osa increased froiu pli 3.0 to 6.5. The germicidal 

activity o± the C decreased rapidly as the pH rose fron 6.5 to 9.0. 

A Blight increase in activity was observed as the pH changed from 9.0 

to 10.0. The poorest activity of the QAC against . coli and . 

caseolyticus was observed at pH 3.0. Its activity against these two 

organisms increased as the pH increased from 3.0 to ?.5. A decrease 

in activity occurred from pH 7.5 to 9.0. A slight increase in activity 

was observed from pH 9.0 to 10.0. 

All dimethyl benzyl arnmonium chloride was moderately active 

against . aerinosa at pH 3.0 to 5.0. Its activity increased from 

pH 5.0 to a maximum at pli 6.5. Tne germicidal activity tuen decreased 

from pH 6.5 to 9.0. A s1iat increase in activity was observed at pH 

9.0 to 10.0. Ei2e germicidal activity of tne Q0 against . co)i and 

M. caseolyticus was poorest at pli 3.0 to 4.0. Its activity against 

these two organisms increased from pli 4.0 to a maxizrnnu at pli 6.5. 

Against E. coli, te activity decreased rapidly as the pH level changed 

from 6.5 to 8.0. An increase in activity was observed from ph 8.0 

to 10.0. Against 1 . caseo1yticus the activity decreased rapidly 

from pli 6.5 to a minimum at pH 7.5. An increase in activity occurred 

froua pli 7.5 to 10.0. 

The AC in the forni of a detergent sanitizer was more active tmn 

the QC alone in the case of two different QCs in distilled water, 
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tiara water, axid narcì water containing organic matter. h esults 

indicated tìiat the active agent accelerating Q,.0 action was the 

tetrasoditin pyropnosphate. TrisoQ.iusn phosphate showed. no pronounced 

accelerating effect on QAG gerniicidal activity. 

A low pH (3.3) detergent sanitizer showed greater activity 

against P. aeruinosa than a high pH (9.?) preparation. On the other 

hand, E. coli appeared more resistant under the sacie conditions at a 

low pH than at higher pli levels. 

The norrally high resistance of P. aeruginosa to ¿äCs appeared 

to be accentuated by addition of organic matter in the form of wnoie 

milk to trie detergent sanitizer solutions. While . coli showed 

greater resistance to QO in presence rather than absence of organic 

matter, this increase was not as pronounced as witn . aerinosa 

under tne same exposure conditions. 

S. creoris, a mixed strain commercial lactic culture, L. lactis 

and . thermonilus were sligtly indibited by b ppm of eacn. of the 

QOs added to tue milk. The inhibition of acid development was nearly 

complete in all cultures witn 25 to 30 ppm of QAC in the mili wnen the 

organisms were incu.bateu at temperatures near their maximum. At 

incubation teciperatures normally used for culturing the organisms, 

50 ppm of tnese compounds in the milk effected nearly complete 

inhibition. Milling time was delayed 15 minutes by presence of 5 ppm 

and 45 to 60 minutes by 10 ppm O in the manufacture of experimental 

Cueddar cheese. 

A method nas been developed for deteriiination of QACs in milk. 

It is based on extraction and precipitation of AO in a tetrachloro- 
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ethane-acetone-eosin indicator solution. Interfering factors in the 

solvent indicator are removed ay successive washings with distilled 

water and AC tnen is titrated with a standard solution of anionic 

surface active agent. ne first two steps of tne procedure xnay serve 

as a presurzptive or qualitative test for detection of Q.0 in milk. 

The subsequent step3 are necessary for a determination of quantity 

of QAC present. 

2he method has proven suitable for determination of concentration 

in milk of Q.ÁG preparations commonly employed in dairy sanitation 

procedures. itb suitable standards for comparison, the method will 

determine quantities of C in the range of 5 to 100 ppm in milk. 
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