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Research was conducted to compare germicidal effective

ness of the new disinfectant Alcide, which contains chlorine 

dioxide (CI02 ) as the active ingredient, to a standard 50 

ppm hypochlorite (bleach) solution. Two gram-negative 

bacteria, Escherichia coli and Salmonella typhimurium. were 

used. Bacterial concentrations ranged between 106 and 

109/ml and there were varying organic conditions of zero, 5 

percent and 10 percent loads. The stUdy found a 1:50 

aqueous dilution of Alcide to be equivalent to a standard 50 

ppm dilution of bleach, both with and without organic load. 

It did not find the Alcide to be superior to the bleach in 

the presence of organic material though past studies have 

indicated that the active ingredient of Alcide. CI02 , would 

not be as hampered in its effectiveness as the hypochlorite 

in the bleach. Using the Alcide full strength as 

recommended by the manufacturer, it would be expected to 

perform much better than the bleach at 50-200 ppm, but at a 

far higher cost. 
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INTRODUCTION
 

A survey In 1977 found that In sIxteen AmerIcan 

hospitals there was a total of 224 products beIng used for 

disInfecting animate and inanimate objects. There was an 

average of 14.5 different formulations used within each 

hospItal (Lennette 1980>. Housekeeping dIsinfectants are 

expected to destroy vegetatIve bacteria, tubercle bacIlli, 

and some lipid and nonlipid viruses (Perkins 1969). This 

type of disinfectant is consIdered to be an intermediate 

disinfectant, or chemical germicide, as opposed to a high

level disinfectant which wIll also kill resistant bacterial 

spores, or a low-level disInfectant whIch will kil I only 

vegetative bacteria and lipId viruses (Perkins 1969; 

Lennette 1980). In choosing a disinfectant method and 

product, three things that must be consIdered are the 

microbial load, the concentration of the chemical germIcide, 

and the environment of the mIcrobe (Anderson and Sobieski 

1980). Though the need for safe and effective chemIcal 

disinfectants is essential to a hospital In order to 

minimize infectIon hazardous to patients, the testIng of 

these disinfectants is a complex and expensive process that 

few clinical microbiology laboratories can afford (Lennette 

1980). It is even recommended that while hospitals should 

use cleaning and disinfection procedures that have been 

found to be reliable, routine microbiological samplings on 

in-house inanimate surfaces are only necessary when an 

outbreak of hospital-acquired disease occurs. Testing done 
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with disinfectants by various groups does show occasional 

uncertainty because results gathered from data collected 1n 

~ sometimes conflict with that obtained in laboratory 

testing procedures (Block 1977). 

Chemical analysis is not an effective method to use for 

determining which disinfectant would be best in a situation. 

Many factors can influence how cidal a chemical wil I be. so 

analytical data must be supplemented with bacteriological 

testing (Block 1977). There are rather definite standards 

for comparing methods of kil ling bacteria in drinking water 

and waste water. but such clear-cut guidelines are lacking 

for methods of testing the usefulness of different 

disinfectants. including chlorine disinfectants. in a 

clinical or industrial setting (Block 1977). Some of the 

factors that make testing difficult to standardize are 1) 

resistance to germicides that might be related to growing 

conditions of stock cultures. 2) workers using a variation 

from the testing ratio of culture size to germicide 

strength. 3) addition of an organic load in the actual use 

situation. 4) some chemicals rapidly kill a high percentage 

of test organisms at first but then kil I the survivors at a 

slower rate. and 5) end points are sometimes difficult to 

establish (Block 1977). 

Some criteria that Block suggested (1977) should be 

included in a disinfectant evaluation procedure are: 
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1) standardIzatIon of the apparatus and equIpment, medIa 

composItIon, and reactIons, 2) routIne management of all 

stock and test cultures, 3) procedures for the exact 

concentratIon of the germIcIdes to be tested, 4) accurate 

measurements of volumes of germIcIdes and test cultures, 5) 

exact temperature control, and 6) accurate tImIng. 

The general categorIes of chemIcal dIsInfectants are: 

phenols, mercurIc compounds, chlorIne and IodIne compounds. 

alcohols. detergents. and gases of several kInds (Anderson 

and SobIeskI 1980). Block (1977) lIsts basIc methods 

accepted by the AssocIatIon of OffIcIal AnalytIcal ChemIsts 

(AOAC) for the testIng of dIsInfectants: 

1. The AOAC Phenol CoeffIcIent Method - Used to test 

dIsinfectants that do not exert bacterIostatIc effects that 

cannot be neutralIzed by one of four specIfIed medIa or 

overcome by suItable transfer procedures. 

2. The AOAC Use-DIlutIon Method - ConfIrms phenol 

coeffIcIent results to determIne maxImum dIlutIon 

effectIveness for practIcal dIsInfectIon. 

3. The AOAC Method for TestIng of GermIcIdal Spray 

DIsInfectants - This method tests sprays used as spot 

dIsInfectants. 

4. The AOAC Method for TestIng Water DIsInfectants for 

SwImming Pools - Tests the acceptabilIty of products used to 

dIsInfect swImmIng pool water. 
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5. The AOAC Method for DetermInIng TuberculocIdal 

Activity - Determines the maximum tuberculocIdal dilution of 

dIsInfectants used on inanImate surfaces. 

6. The AOAC Available ChlorIne GermIcidal Equivalent 

Concentration Method - Determines avaIlable chlorine 

germIcidal equIvalent concentrations wIth products offered 

for use as germIcIdal rinses for prevIously cleaned 

non-porous surfaces where speed of action Is Important, and 

Is an Index to activities equivalent to available chlorine 

as hypochlorite. (Available chlorIne Is a measurement of 

oxidizing capacity and is expressed in terms of the 

equivalent amount of elemental chlorine.) The pattern of 

acceptance by the Public Health Department (PHS PublIcatIon 

Number 934-1962) of germicides other than hypochlorite is 

based on activities equivalent to accepted concentrations of 

available chlorine as provided by hypochlorites. 

It is the sixth method that was used as the basis for 

the testing in this study which focused on two 

disinfectants, the standard hypochlorite (bleach) and an 

experimental solutIon which also contaIns a chlorine 

compound as the germicIdal Ingredient. 

Chlorine used as a disinfectant can be In the form of 

lIquid chlorine (CI 2 ), hypochlorIte (OCI-), chlorine dioxide 

(CI02 ), inorganic chloramines, or organIc chloramines. 

ChlorIne compounds contaIning 0.1 to 0.5 percent (1000 to 

5000 ppm) concentratIon of actIve ingredient are consI
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dered to have an intermediate disinfectant status (Lennette 

1980). Past studies have shown that chlorinated water at 

0.15 to 0.25 ppm will kil I, in 15 to 30 seconds, most 

intestinal and respiratory pathogens. 

An advantage of using chlorine disinfectants is that 

they are stable even in a low pH environment. A major 

disadvantage associated with them is that they are 

inactivated by organic compounds. Chlorine has a tendency 

to acquire electrons and therefore it is a very strong 

oxidizing agent. It wIll react readily with many inorganic 

reducing substances and also organic substances (Block 

1977). Once the reaction wIth these substances has 

occurred, the disinfecting ability of the chlorine is lost 

(Perkins 1969; Block 1977; Anderson and Sobieski 1980; 

Lennette 1980). Since bacteria are usually found in the 

hospital or laboratory setting along with organic loads such 

as blood, vomitus, feces, etc., this is a serious drawback 

to disinfection. Many times workers wil I not preclean the 

area before applying the disinfectant, so this high organic 

content detracts from ideal control. However, it has been 

reported that if the organic matter contains proteins, the 

chlorine reacts and forms chloramines which are also anti

bacterial (Block 1977). The reaction with organic sub

stances is dependent on the concentration of the free 

available chlorine, which may be in the form of elemental 
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chlo~ine (CI2>' hypochlo~ous acid (HOCI) o~ hypochlo~ite ion 

(OCI-> (Block 1977>. Available chlo~ine in standa~d 

hypochlo~ites is usually equal to the amount of chlo~ine 

that was used to p~epa~e the solution (Block 1977>. 

Studies of how chlo~ine kills bacte~ia have ~esulted in 

seve~al theo~ies. These include the idea that the chemical 

combines with the cel l's p~otoplasm (Chang 1944>. Anothe~ 

says that the chemical dest~oys the cell memb~ane chemically 

o~ mechanically, and that the cel I contents diffuse out of 

the cell afte~ the memb~ane is alte~ed by chlo~ine (Block 

1977>. It has also been suggested that ge~micidal action 

f~om chlo~ine compounds might be a combination of facto~s 

(Pe~kins 1969; Block 1977>. It seems to be the most popula~ 

consensus, howeve~, that chlo~ine compounds kil I bacte~ia by 

the denatu~ation of p~oteins when hyd~ogen bonds within 

enzymes a~e dest~oyed and essential ~eactions in the cel I 

a~e inhibited (G~een and Stumpf 1946; Pe~kins 1969; Block 

1977>. 

The manufactu~e and sale of disinfectants is big busi

ness. In 1963, fo~ example, one study compa~ed twenty-seven 

new chlo~inated compounds and fou~ of them we~e found to be 

excellent when tested on Escherichia &Qll (Block 1977>. 

Many of the compounds a~e not ~epo~ted in the lite~atu~e 

until they have been tested tho~oughly and have been 

int~oduced on the ma~ket. 
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The chlorine compound present in Alcide (Ale ide Corpo

ration, Farmingdale, New York), a newly-marketed disinfec
~, 

tant tested in this study, is chlorine dioxide. Chlorine 

dioxide used as a disinfectant equals that of chlorine in 

its effectiveness as a bacterial germicide according to 

Ridenour and Ingols (1947). However, the chlorine dioxide 

is an extremely reactive compound and so is not manufactured 

and shipped in ready-to-use form. In the past, it has been 

shipped in components consisting of a solution of chlorine 

and a solution of sodium chlorite which are then mixed along 

with water at the site where the mixture is to be used 

(Block 1977). Alcide also comes in two separate bottles, 

but the components are somewhat different from those gener

al ly used in chlorine dioxide disinfectants. It consists of 

a base and an activator, which are mixed with water at 

1:1:10, respectively. The base contains chlorite and the 

activator contains an organic acid which, after reacting 

with the chlorite, produces chlorous acid which slowly con

verts to the cidal chlorine dioxide as well as chloride and 

chlorate ions (Alcide Corp. 1987). 

The purpose of this study was to compare the biological 

effectiveness of Alcide with a standard hypochlorite solu

tion against representative bacteria in a nonorganic envi

ronment and environments with a 5 and 10 percent organic 

load. Household bleach contains a solution of 5 percent 

sodium hypochlorite, which is the equivalent USP solution. 
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Public Health Officials generally recommend that in res

taurants, previously cleaned surfaces should be disinfected 

with a chemical solution which has germicidal ability equi

valent to 100-200 ppm available chlorine in areas where it 

is certain that it wil I not be diminished in available 

chlorine to below 50 ppm (Block 1977). The test used to 
~ 

determine equivalency to a particular concentration of 

available chlorine employs a comparison of bacterial growth 

after timed exposure to the test disinfectant. The unknown 

germicide must show equal absence of growth in the same 

exposure time as the standard chlorine level to be consi

dered equivalent. Standardized culture suspensions used for 

the test organisms are recommended to be approximately 2.0 x 

lOB/mI. These cultures are then diluted to 0.01 times the 

concentration in the actual testing procedure. Plate counts 

are made from the dilution tubes at various times in the 

tests. Results are recorded as the log of the number of 

survivors, both for the standard disinfectant and the un

known which is beIng tested. 

The bacterIa used in thIs study were Escherichia k2l1 

and Salmonella typhimurium. ~ typhimurium and ~ &Qli are 

both found in the intestInes of humans and other anImals and 

many are pathogenIc for humans. These two bacterIa are 

facultative, gram-negative bacil II which ferment glucose. 

The genus Salmonella Is an important cause of food- and 

water-borne gastroenterItis, in additIon to causing typhoid 
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feve~. ~ ~ is the p~ima~y causative agent of t~avele~/s 

dia~~hea and infections of the u~ina~y t~act (Lennette 

1980). These bacte~ia have histo~ically been used as test 

o~ganisms fo~ disinfectants because of thei~ ~esistance 

compa~ed to othe~ bacte~ia (Tonney et al. 1928; Pe~kins 

1969; Block 1977; Lennette 1980; Blase~ et al. 1986). It 

has been theo~ized that the ~elative ~esistance of these 

g~am-negative o~ganisms is due to thei~ oute~ memb~ane 

acting as some so~t of ba~~ie~ (Russell et al. 1986). 



MATERIALS AND METHODS
 

Bacterial Strains 

The bacterial strains were obtained from cultures 

isolated at the Kansas Department of Health and Environment 

laboratories. Fresh working suspensions were prepared by 

inoculating 5 ml tubes of Trypticase soy broth with bacteria 

removed from agar slants. Tube contents were vortex mixed 

and incubated at 37 degrees Celsius for 4 to 5 hours. These 

cultures provided concentrations of organisms between 107 

and 1011 eel Is/mI. Counts of colony-forming units <CFUs) 

were made by preparing serial 10 fold dilutions and plating 

0.1 ml quantities of the 10-6 , 10-7 , and 10-8 dilutions in 

duplicate or triplicate on Trypticase soy agar plates. 

Colonies were counted after 48 hours incubation at 37 

degrees Celsius. Disinfectant testing used bacterial 

concentrations of approximately 106 , 107 , 108 , and 

109 CFUs/ml for each set of trials. These suspensions were 

prepared by transferring 0.1 ml aliquots from the 

appropriate concentration of bacteria into tubes containing 

disinfectant at the beginning of the timed trial. 

Procedure for Evaluating Disinfectant Effectiyeness 

The incubated, 4-5 hour old, working suspensions, which 

ranged from 1011 to 109 organisms/ml, and the three, serial, 

10 fold dilutions of this suspension, were all used in a set 

of experimental trials. At zero time, 0.1 ml of bacterial 

suspension was inoculated into the 10 ml of disinfectant and 

immediately vortexed. As each minute passed during a 
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la-minute period, 0.1 ml aliquots were removed with a 

pipette and inoculated onto a D/E neutralizing agar (see 

Neutralization below) plate. Two bacterial concentrations 

were tested at a time, with separate pipettes used for the 

removal of samples from each tube. The experimental and 

control plates were incubated in an inverted position at 37 

degrees Celsius for 48 hours before counting colonies. If 

an organic load was to be used for the trial, the 

disinfectant had either 0.5 ml or 1.0 ml less water in its 

final volume which was made up with calf serum to produce an 

organic load at either 5 percent or 10 percent. Ten ml of 

disinfectant or disinfectant plus serum was used for each 

respective concentration of bacterial inoculum tested in the 

trial. Al I sets of trials were done in duplicate (data 

later shown in Figures 2, 4 through 10, 13, 15, and 18). 

Several sets, however, were done in triplicate (Figures 14, 

16, and 17). Four Alcide trials (Figures 1, 3, 11 and 12) 

were done only once, with no duplication because the 

decision was made to repeat the experiment with a higher 

concentration of Alcide. 

Chlorine Determinations 

Fresh stock solutions of bleach disinfectant for each 

trial were prepared from the manufacturer/s information on 

chlorine content of sodium hypochlorite. Deionized water 

was used for the dilutions. 
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Alcide disinfectant was mixed according to the manufac

turer/s instructions and also diluted with deionized water 

to the desired concentration just prior to each trial. The 

Alcide concentration containing 50 ppm of chlorine compound 

was obtained by diluting the product 1:500 (low concentra

tion Alcide). This dilution was not found to be satisfac

tory for comparison to the bleach because it was so much 

less effective. Tests were done using The Association of 

Official Analytical Chemists Available Chlorine Germicidal 

Equivalent Concentration Method (Block 1977) to find the 

dilution of Alcide which would be the germicidal equivalent 

without organic load. Experimentation with several concen

trations found that a 1:50 (high concentration Alcide) 

dilution of Alcide would have the same cidal effect on ~ 

kQll as the 50 ppm bleach, when no organic load was present. 

This method used 30- and 60-second exposure periods, plating 

the bacteria as described earl ier, and then analyzing 

results as positive or negative, looking for the 

concentration of Alcide which gave data equivalent to the 

bleach. 

Neutralization 

D/E agar media (Difco Laboratories, Detroit, Michi

gan), which contains 0.6 percent sodium thiosulfate as the 

effective neutralizing ingredient, was used to neutral ize 

chlorine at the end of each exposure period. Neutralizers 

have been recognized since 1952 as an important component in 
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experiments with disinfectants which are testing for cidal 

action and rate of kill <Engley and Dey 1970). They 

are used to stop the disinfecting action of the chlorine 

compound by reacting with it. This enables the experi

menter to control the disinfectant exposure period by 

transferring bacteria to the neutralizing media at a 

predetermined time. D/E media will allow growth of both 

organisms used in this study equal to the Trypticase soy 

agar control media <Engley and Dey 1970). Experiments done 

as part of this study agreed with Engley and Dey that the 

D/E and control media supported the bacterial growth to 

equal numbers <data not shown). 



RESULTS
 

Developmental Expe~iments 

Bleach 

P~evious published studies used a ~ange of bleach 

dilutions fo~ compa~ison pu~poses to evaluate mIc~obial 

cont~ol. Fo~ this study th~ee dilutions of bleach, 5000 

ppm, 500 ppm, and 50 ppm, we~e tested to dete~mine which 

concent~ation would be most app~op~Iate. An ~ £Qll 

suspension of 107 CFUs/ml was kIlled In less than 10 seconds 

using 5000 ppm and 500 ppm. The 50 ppm level gave posItIve 

~esults fo~ g~owth; that is, su~viving o~ganisms we~e found 

afte~ 10, 20, and 30 seconds of exposu~e. Inasmuch as 

p~evious studies wIth o~ganic loads had shown that the 

o~ganic mate~ial would extend the killing time, the 50 ppm 

was chosen as the suitable concent~ation. Using too high a 

concent~ation fo~ the standa~d would have killed eve~ything 

immediately even with an o~ganic load. The 50 ppm level 

would give a sampling window, a tIme f~ame that would al low 

evaluatIon of the disinfectant wIth and wIthout an o~ganic 

load. 

Alcide 

As mentIoned In Mate~Ials and Methods, two concent~a

tions of Alcide we~e used in this expe~iment. The lowe~ 

concent~ation Alcide data Is shown In Figu~es 1, 3, 4, 11, 

12, and 13. It Is the lowe~ concent~ation that, though it 

was equal to the bleach in ppm, was found not to be equi

valent to bleach in its ge~micidal effectiveness. This fact 
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can be illust~ated by compa~ing the action of bleach (Figu~e 

17) with the action of low concent~ation Alcide (Figure 1S) 

on a 107/ml population of ~ £2ll when no o~ganic load was 

present. The bleach killed all the test o~ganisms in 2 

minutes and the low concentration Alcide ~educed them by 4 

logs within 8 minutes, but never ~educed the population to 

ze~o. The data for low concentration Alcide wil I not be 

discussed fu~the~ but a~e presented as part of the complete 

set of ~esults for this expe~Iment. 

Afte~ the low concentratIon Alcide was found not to be 

effective enough to be compared to bleach, othe~ Alcide 

dIlutIons were tested on a 107 CFUs/ml suspensIon of ~ 

~. A 1:50 dilution was still found to have vIable 

bacte~Ia afte~ SO-second exposure but none afte~ 60-second 

exposu~e. These were the same ~esults obtained wIth bleach 

(data not shown), and thus it was concluded that this was 

the germicidally equivalent dilution. This concent~ation 

(high concentration Alcide) is the one used fo~ the 

~emainde~ of the studIes which a~e discussed in the 

following section of this paper. 

Expe~imental Results 

~ typblmurlum 

Figures 1 th~ough 8 and FIgu~e 18 show data collected 

using ~ typbimurium as the test o~ganism. Figu~e 2 

illust~ates that the hIgh concentration Alcide with no 

o~ganic load killed al I populations tested except those 
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containing 10 9 CFUs/ml within 3 minutes and the 10 9 CFUs/ml 

population was completely killed in 10 minutes. 

Figures 7 and 8 show that adding 5 or 10 percent 

organic load to the Alcide provided about equal protection 

for the bacteria. causing a 3 or 4 log reduction within 3 or 

4 minutes. Almost al I the organisms that were still viable 

at 3 or 4 minutes survived the rest of the 10-minute 

exposure. 

Figure 18 illustrates that bleach with no organic load 

killed all the ~ tvphimurium within one minute. 

Figures 5 and 6 show that adding 5 or 10 percent 

organic load to the bleach protected the bacteria, with the 

10 percent level giving somewhat better protection. At the 

end of the 10-minute time period, none of the original 

concentrations had been completely kil led. 

L kOli. 

Figures 9 through 17 present the data collected using 

~ £Ql1 as the test organism. Figure 14 shows that all 

populations except the 10 7 CFUs/ml were kil led completely 

within one minute using the high concentration Alcide with 

no organic load. 

Figures 15 and 16 illustrate that adding 5 or 10 

percent organic load to the Alcide protected the bacteria 

about equally, and no population was competely killed in the 

10-minute exposure period. 
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Data for bleach with no organic load are shown in 

Figure 17. All the ~ £Qll were kil led within 2 minutes in 

that case. 

Figures 9 and 10 illustrate that with a 5 percent or 10 

percent organic load added to the bleach, the ~ kQll 

populations were reduced gradually, but only the two lowest 

CFUs/ml populations with the bleach plus 5 percent organic 

load were completely killed. 

Comparisons 

Comparing the results using high concentration Alcide 

and bleach on ~ typhimuriuID and ~ kQll, there were two 

population sizes, 106 CFUs/ml and 107 CFUs/ml, that were 

present for every set of trials conducted. Table 1 and the 

corresponding Figures 19 and 20 present the results for the 

106 CFUs/ml populations. Table 2 and corresponding Figures 

21 and 22 present results for the 107 CFUs/ml populations. 

Information on these figures has been plotted in earlier 

fIgures, but is repeated here in such a way that comparisons 

can be made more easily. 



Table 1 - Compa~ison of effects of high concent~ation Alcide (1:50 
aqueous dilution) and bleach (50 ppm) on the 106/ml concent~ations of 
~~ and ~ typbimu~iym unde~ al I conditions of o~ganic load 

Time Lapse/ 
Organic Disinfectant Bacteria Lgg I:WL.. 
~ Redyct. Redyct. 

*Hone Bleach L..~ 6 1 

~ typblmyriym 6 1 

High Alcide L..~ 6 1 

~ typbimyriym 6 1 

**5% Bleach L..~ 6 8 

~ typbimyrlym 5.5 10 

High Alcide L..~ 5.5 10 

~ typblmyrlym 4 10 

***10% Bleach L..~ 5.5 9 

~ typbimyrlym 3.5 6 

High Alcide L..~ 5 10 

~ typblmyr1ym 3 1 

* Data not shown
 

** Figu~e 20
 

*** Figu~e 19 
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As listed in Table 1, the bleach and high concentration 

Alcide with no organic load killed all the bacteria 

completely in one minute. 

With a 5 percent organic load (Figure 20), the ~ kQll 

had a greater reduction than ~ typhimurium in both the 

bleach and high concentration Alcide, with a 5 log versus a 

5.5 log reduction and a 5.5 log versus a 4 log reduction, 

respectively. The 5 percent organic load provided 

protection for all the populations, extending killing time 

as well as retaining some viability in most cases. 

Adding 10 percent organic load also protected the 

populations; however, ~ typhimurium was more resistant than 

the ~ ~. The bleach plus 10 percent organic load reduced 

the ~ kQll by a log of 5.5 and ~ typhimurium by 3.5; the 

high concentration Alcide plus 10 percent organic load 

reduced the ~ QQll by a log of 5 and the ~ typhimurium by 

a log of 3. In all cases, the disinfectant plus 10 percent 

organic load had slightly better protection than the 5 

percent. 

Differences can be seen in the exposure times that had 

passed when maximum reductions had been reached. Using 

disinfectant plus 10 percent organic load on ~ typhimurium, 

no more organisms were killed after 6 minutes with the 

bleach, and maximum reduction had been reached after only 

one minute with the high concentration Alcide. The lower 



20 

decreases seen In these trIals were reached relatively early 

in the 10-minute exposure tIme; in other words, the 

disinfectant plus 10 percent organic load did not continue 

to gradually decline the populations further, as they dId on 

the ~ £Qli over a 9- or 10- minute period. 



Table 2 - Compa~ison of effects of high concentration Alcide 
(1:50 aqueous dilution) and bleach (50 ppm) on the 10 7/ml 
concent~ations of ~ ~ and ~ typhimy~iym under al I conditions of 
o~ganic load 

Time Lapse/ 
Oreanic Di=infe"tant Bacteria L&g twL. 

Redyct, Eedyct, 

*None Bleach ~~ 6 3 

~ typblmyrlum 6 1 

High Alclde ~~ 6 2 

~ typblmyrlum 6 1 

**5% Bleach ~~ 5 8 

~ hphlmyrium 5,5 7 

High Alclde ~£W. 4 5 

~ typhimyrlym 4 5 

***10% Bleach ~~ 5,5 7 

~ 

~ typbimy~ium 3 3 

High AI cide ~~ 4.7 10 

~ ;vpbimyrjum 4 8 

* No figure given 

** Figure 21 

*** Figure 22 
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Table 2 shows that bleach and high concentration Alcide 

both kil led al I the ~ ~ and ~ typhimurium when no 

organic load was present. The 10 7 ~ ~ population took 

longer to kill than the 106 ~ £2l1 (Table 1) under these 

conditions, requiring 3 minutes with the bleach and 2 

minutes with the high concentration Alcide. 

Adding a 5 percent organic load (Figure 21) to the 

bleach or Alcide protected the populations somewhat, 

allowing log reductions of 5 for ~ k2Ll and 5.5 for ~ 

typhimurium in bleach; a 4 log reduction for both ~ &Qll 

and ~ typhimurium in Alcide. Kil ling times were also 

extended, with the maximum ki 1 I requiring 7 or 8 minutes for 

the bleach and 4 minutes for the Alcide. 

The 10 percent organic load (Figure 22) added to bleach 

and Alcide protected better than the 5 percent in only one 

case (bleach and ~ typhlmurlum). The bleach performed 

better than the Alclde with 5 percent loads on ~~ and 

~ tYPhimurium, and the 10 percent load on ~ QQll; but high 

concentration Alcide performed better than bleach with 10 

percent load on the ~ typhimurium. Kil ling times for 10 

percent were similar to the 5 percent with the exception of 

the 3 minutes for the ~ typhimurlum's relatively small 3 

log reduction. 



Figure 1. Surviving ~ typhimurium vs. time in low 

concentration Alcide (1:500 aqueous dilution) with no 

organic load. 

Figure 2. Surviving ~ typhimyrium vs. time in high 

concentration Alcide (1:50 aqueous dilution) with no 

organic load. 
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FIgure 3. Surviving ~ typhimurium V5. time in ) 

concentration Alcide <1:500 aqueous dilution) with 

percent organic load. 

Figure 4. Surviving ~ typhimurium vs. time in low 

concentration Alcide <1:500 aqueous dilution) with 1 

percent organic load. 
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Figu~e 5. Su~viving ~ typhimu~ium vs. time in bleach 

(50 ppm) with 5 pe~cent o~ganic load. 

Figu~e 6. Su~viving ~ typhimu~lum vs. time in bleach 

(50 ppm) with 10 pe~cent o~ganic load. 
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Figure 7. Surviving ~ typhimuriurn vs. time in high
 

concentration Alcide (1:50 aqueous dilution) with 5
 

percent organic load.
 

Figure 8. Surviving ~ typhimurium vs. time in high
 

concentration Alcide (1:50 aqueous dilution) with 10
 

percent organic load.
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Figure 9. Surviving ~ £Ql1 vs. time in bleach <50 

ppm) with 5 percent organic load. 

Figure 10. Surviving ~ &Qll vs. time in bleach <50 

ppm) with 10 percent organic load. 
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Figure 11. Surviving ~ ~ vs. time in low 

concentration Alcide (1:500 aqueous dilution) with 5 

percent organic load. 

, ,I. 

" 

Figure 12. Surviving ~ ~ vs. time in low 

concentration Alcide (1:500 aqueous dilution) with 10 

percent organic load. 
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Figure 13. Surviving ~ &2l1 vs. time in low 

concentration Alcide (1:500 aqueous dilution) with no 

organic load. 

Figure 14. Surviving ~ &2l1 vs. time in high 

concentration Alcide (1:50 aqueous dilution) with no 

organic load. 
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Figure 15. Surviving ~ k2ll vs. time In high 

concentration Alcide (1:50 aqueous dIlution) with 5 

percent organic load. 

,, 

FIgure 16. Surviving ~~ vs. time in high 

concentration AlcIde (1:50 aqueous dIlutIon) with 10 

percent organic load. 
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Figure 17. Surviving ~ QQ11 vs. time in bleach (50 

ppm) with no organic load. 

Figure 18. Surviving ~ typhimurium vs. time in bleach 

(50 ppm) with no organic load. 
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FIgure 19. ComparIson of survivIng ~ typhlmurlum and 

~ £Qll from orIgInal 106/ml concentratIons after being 

exposed to hIgh concentratIon Alcide (1:50 aqueous 

dilution) or bleach (50 ppm) with 10 percent organic 

loads. 

Figure 20. Comparison of survivIng ~ typhlmyrIum and 

~ kQll from orIgInal 10 6/ml concentrations after being 

exposed to hIgh concentratIon AlcIde (1:50 aqueous 

dilution) or bleach (50 ppm) with 5 percent organIc 

loads. 
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Figure 21. Comparison of surviving ~ typhimurium and 

~ coli from original 107/ml concentrations after being 

exposed to high concentration Alcide (1:50 aqueous 

dilution) or bleach (50 ppm) with 5 percent organic 

loads. 

Figure 22. Comparison of surviving ~ typhimuriym and 

~ ~ from original 10 7/ml concentrations after being 

exposed to high concentration Alcide (1:50 aqueous 

dilution) or bleach (50 ppm) with 10 percent organic 

loads. 
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DISCUSSION
 

Conclusions 

With no organic load OCI- and CI02 are equivalent in 

their antimicrobial control, as seen in Figures 2, 14, 17, 

and 18. In comparing the germicidal equivalents of bleach 

and high concentration Alcide in the presence of organic 

load, however, there is no data here that would suggest 

Alcide is any better than bleach. The lower concentration 

of Alcide was so much less effective that it should be 

discounted (Figures 1, 3, 4, 11, 12, and 13). This 

recommendation is made in spite of the manufacturer/s 

information of percentage chlorine compound. Their 

information states the content of chlorine at about 2.5 

percent. Therefore, a dilution factor of 1:500 which was 

used to make the low concentration Alcide would indicate 

that it should have the same amount of available chlorine 

(50 ppm) as the 1:1000 dilution of 5 percent bleach. 

Previous research supports the Alcide manufacturer/s 

claim (Spiegelman et al. 1986) that C102 should be a 

superior disinfectant to hypochlorite with an organic load 

<Ridenour and Ingols 1947; Ridenour and Armbruster 1949; 

Longley et al. 1982). Considering that the germicidal 

equivalents found in the study used a di lution of 1:1000 of 

the ful I-strength bleach and a 1:50 dilution of the full 

strength Alcide, the manufacturer/s recommended dilutions 

must be further investigated. 
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A brochure describing handling and use of Alcide (1987) 

instructs the worker to use the disinfectant at ful I 

strength. Bleach is recommended by Public Health officials 

to be used within a range of 50 to 200 ppm. Comparing the 

recommended use dilutions. it can be expected from this 

study that Alcide would perform much better than the bleach 

since it would be 50 times stronger than our germicidally 

equivalent test solution, and the bleach would be the same 

dilutIon or up to 4 times the strength of our standard test 

(AOAC recommended) bleach solution. The purchaser of the 

disinfectant has to consider the germicidal effectiveness 

first and foremost (Engley 1980). However, cost cannot be 

ignored. The Alcide Corporation's price list (1987) states 

the cost as $30 per 3-gallon yield for a $10/gallon figure 

for small purchases, and $1850 for a 660-gal Ion yield which 

would be about $2.80/gal Ion for quantity purchases. Clorox 

bleach In the Topeka, Kansas, Dil Ion Stores is $1.04/gallon. 

Diluted to 50 ppm, this would be a cost for bleach of 

$.00104/gallon, or $.00416/gallon if used at 200 ppm. If 

larger quantitIes of bleach were purchased directlY from a 

manufacturer. it could probably be obtained at a cheaper 

cost per gal Ion. 

Using the hypothesis that Alcide at full strength would 

kil I the bacteria wIth 10 percent load, it is assumed that 

bleach probably would perform as weI I if used full strength. 

But, as stated earlier, the crIteria for bleach use Is that 
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it be used at a concentration that would prevent it from 

being further diluted to below 50 ppm by organic materials 

in the environment. There are problems caused by uslng a 

higher concentratIon of bleach. It has a strong odor, It 

may discolor contacted surfaces, and It has a corrosive 

effect on metals (Block 1977; Engley 1980). Alcide also can 

have a corrosIve effect on metals, if not rInsed off those 

surfaces, accordIng to the manufacturer/s informatIon. 

Recommendations for Further Research 

A number of questIons remain that warrant further 

investigation. It would be useful to know the ppm of 

available chlorine In these disInfectants when found by an 

accepted method of determination. These data could be 

collected at various times during the 10-minute exposure 

periods wIth each set of condItIons and could help with 

interpretation of germIcidal effects observed in the 

testIng. 

Another question relates to the comparIson of actions 

of CI02 and OCI- in environments with organIc load. As 

stated earlier, Cl02 does not readIly react wIth organic 

materIal (Ingols and Ridenour 1948; Longley et al. 1982) to 

form combined chlorine compounds, and OCI- does (Block 

1977). The hypochlorite ion forms chloramines which are 

bactericIdal (Harvill et al. 1942; Chang 1944; Wattle 1944; 

Shul I 1981), but are much slower acting (Hudson et al. 1983; 

Wolfe et al. 1984; Means et al. 1986). Past studies show 
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that where the hypochlorite ion reacts with organic material 

there is an immediate formation of chloramines (Ward et al. 

1984). The question related to this comparison is, why did 

the Cl02 in the Alcide not perform better than the OCl- in 

the bleach with organic loads? In other words, why did the 

bleach continue to have a germicidal effect though much was 

immediately "tied up" in chloramine compounds, which should 

have taken much longer than 10 minutes to be effective (Ward 

et al. 1984)? Available chlorine tests could possibly give 

some insight into this question, as they would indicate 

whether or not there was stIll free hypochlorIte ion to be 

bactericidal. If there were no free hypochlorite ion, then 

it mIght indicate that the chloramines were as germicidal as 

the OCI-. 

In many cases there was little difference shown here in 

the effects of adding either a 5 percent or 10 percent 

organic load. Perhaps the 5 percent reacted with al I of the 

chlorine that Wde pr~e~nt and th~r~for~ th~ 10 p~ru~nt would 

not have a greater protecting effect on the bacteria. ThIs 

could not have been the case if the population reduction 

that continued to occur with the bleach and high-concentra

tion Alcide plus serum over the 10-minute period was due to 

free available chlorine stil I remaining in the solution. 

Wolfe found the breakpoint weight ratio of chlorine to 

organic materIal to be 7.6:1 (1984). Further experimenta

tion should take into account this breakpoint data and 
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include calculated ratios which would be of value for 

additional testing. 

The effect of pH on the actions of the disinfectants 

was not considered in this study. Past research indicates 

that there is great variation in the percentage of OCI- and 

HOCI which are being produced from the bleach, depending on 

the pH of the system (Chang 1944; Block 1977; Longley et al. 

1982). At a pH of 5.6, there is a 96.8 percent HOCI and 3.2 

percent OCI-; at pH of 7.5, 48.9 percent HOCI and 51.1 

percent OCI- ; and at pH of 9.0, 2.9 percent HOCI and 97.1 

percent OCI-, all of these for 20 degrees Celsius (Chang 

1944; Block 1977; Lippy 1984). If the pH of the bleach in 

this study was lowered during testing, then the Alcide was 

compared to less OCI- than was originally present in the 

alkaline hypochlorite solution. Further experiments might 

either control the pH of the system or monitor it throughout 

the experiment so that its impact on the results obtained 

from bleach could be examined. 

The pH question could also be applicable to the study 

of the mechanisms involved in the cidal effects of the 

different types of chlorine. HOCI is thought to be more 

effective than OCI-. and this is due to the fact that it can 

penetrate the bacterial wall easier, having no charge (Lippy 

1986). It has been found that the enzyme that is affected 

by chlorine is probably one involved in the process of 

glucose oxidation at a point in the fermentation cycle 
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(Green and Stumpf 1946; Stumpf and Green 1946). Once inside 

the cel I, perhaps the two types of chlorine would be equally 

effective. The germicidal differences among the various 

types of chlorine compounds may not be due to their action 

but to their penetration abilities. In addition to the 

popular enzyme interaction hypothesis, there is also 

evidence that chlorine compounds have been found to react 

with deoxyribonucleic acid and this could explain some 

germicidal properties (Dugan 1978; Shul I 1981). The study 

of germicidal modes of action has many aspects that warrant 

further investigation. 

Though ~ typhimurium and ~ £Q1l are widely accepted 

indicator organisms for testing intermediate disinfectants, 

further tests using other types of bacteria could be 

valuable in testing Alcide. Laboratory strains that have 

been subcultured probably have different resistances, 

superior and inferior, than environmental bacteria (Ward et 

al. 1984; Wolfe et al. 1984), and would be variables in 

these proposed studies. One explanation of the differences 

is that resistance can be obtained by the presence of 

transmissable R-factor plasmids <Ward et al. 1984). Studies 

of resistance of different types and strains of bacteria 

would be useful in judging the effectiveness of 

disinfectants and also would perhaps explain some contra

dictory data that has been collected in experiments using 

them. 



SUMMARY
 

The purpose of this study was to test the effectiveness 

of Alcide disinfectant, using a standard hypochlorite 

solution (bleach) for comparison. The test bacteria, 

Escherichia k2l1 and Salmonella typhimurium, were exposed to 

disinfectant with no organic load or a 5 or 10 percent load, 

for a period of 10 minutes. The data showed a 1:50 dilution 

of Alcide solution is germicidally equivalent to a 1:1000. 

50 ppm, dilution of 5 percent hypochlorite solution, both 

with and without organic load conditions. The Alcide 

Corporation recommends using its product ful I strength. The 

recommended use dilution for bleach is a range of 50 ppm to 

200 ppm, which is one to four times the dilution used in 

this experiment. Alcide would be expected to perform much 

better than bleach at these use dilutions. 
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