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Asbestos-vinyl tile floor panels were mopped with three types of chemical
disinfectant product, as well as after contact with the untreated control panel.
were prepared according to the manufacturer's label instructions. Similar floor
panels were inoculated artificially with Staphylococcus aureus. RODAC (repli-
cate organism detection and counting) surface sampling plates were pressed to
the disinfectant-treated panels or to the untreated control panel and then
immediately pressed to sampling sites on the artificially inoculated floor panels.
Plate counts were determined after contact with panels treated with each type of
disinfectant, product, as well as after contact with the untreated control panel.
Results indicate that disinfectant residues on environmental surfaces do not
alter the average plate counts obtained by RODAC samplings.

Detection and enumeration of microorga-
nisms on environmental surfaces have been the
subject of many investigations by microbiolo-
gists in the public health field. These investiga-
tions were prompted by circumstantial evi-
dence linking eating utensils to the spread of
bacterial and viral infections (13) and by inter-
est in microbial contamination of the inanimate
environment of patient care facilities. As a re-
sult of these investigations, numerous tech-
niques and methodologies were developed to
accurately measure microbial populations of
hard surfaces. Various approaches were sug-
gested in an attempt to solve the major prob-
lems of simplicity, accuracy, and reproducibil-
ity, as well as economic feasibility relative to
both personnel time and monetary investment.

Historically, three basic approaches to envi-
ronmental sampling have been investigated:
swab techniques, total rinse methods, and agar
contact methods. Each of the above techniques
has its own relative advantages and disadvan-
tages, which are discussed at great length in a
paper by Fincher (15). The development of a
successful agar contact method was first re-
ported in 1941 by Walter and Hucker (26). Fur-
ther work with this method by Angelotti and
Foter (5) showed that the method was capable
of accurate quantitative detection of bacteria on
surfaces. A study published concurrently by
Angelotti et al. (6) indicated that agar contact
methods yielded greater precision than swab
rinse methods on surfaces with relatively low
microbial densities.
The disposable RODAC (replicate organism

detection and counting) plate reported by

Rohde in 1963 (22) was utilized by Hall and
Hartnett (17) in the development of the
RODAC sampling method. This method was
used extensively by the Committee on Micro-
bial Contamination of Surfaces (4) to estimate
the microbial populations of surfaces in hospi-
tal areas. An advantage of the RODAC plate is
that it may be prepared and stored for weeks
prior to use. A study by Bond et al. (9) on the
shelf life of prepared RODAC plates detected no
significant differences between fresh and stored
(refrigerated) plates (4 weeks old). Additional
advantages of the RODAC method include rela-
tively low cost, consistent and precise recovery,
effective use by personnel without extensive
training, and the elimination of laboratory ma-
nipulation after sampling.
The control of microbial contamination in in-

stitutions such as hospitals is mandatory since
large numbers of contaminating organisms are
present that may serve as reservoirs of infec-
tion. Surveillance of microbial contamination
has been directed to extensive horizontal areas
(15), such as floors, in an effort to provide an
index of sanitation for the general environ-
ment.
The use of chemical disinfectants on environ-

mental surfaces to reduce microbial contamina-
tion is generally accepted in critical institu-
tional areas (3, 18-20). The transmission of dis-
ease via contaminated environmental surfaces
is generally less than by the animate route.
However, the transfer of contamination from
environmental surfaces by human contact can
be an important route of infection. The elimina-
tion or substantial reduction of potential patho-
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genic microorganisms from contaminated sur-
faces thus becomes an important consideration
of the environmental sanitation program. Al-
though microbiological sampling performed on
a routine basis in the general hospital environ-
ment is not recommended (2, 3, 18, 19), efficacy
evaluations for determining cleaning methods
and choosing disinfectants is advisable (10).
The need to neutralize disinfectant residues

has been recognized for many years. It is
known that the presence of residual amounts of
disinfectant chemicals may produce a bacterio-
static condition that would result in the
suppression of the growth of viable organisms.
Studies of neutralizers (21) have shown Leth-
een (lecithin) to accomplish the desired neu-
tralization of phenols and quaternary ammo-
nium compounds in liquid systems. However,
some question has been raised concerning the
adequate neutralization on agar contact sur-
faces (24). It has been alleged that highly bac-
teriostatic disinfectant chemical residues, such
as quaternary ammonium compounds, found
on treated surfaces are not adequately neu-
tralized on agar contact surfaces. Some argue
that this bacteriostatic pressure results in the
production of "misleadingly low" population
counts as determined by agar contact methods.
Investigations to determine whether inade-
quate neutralization under in-use conditions
actually exists have not been conducted.
This study was designed to investigate the

adequacy of neutralization of disinfectant resi-
dues that may be transferred to surfaces ofagar
contact sampling plates. Staphylococcus au-
reus was utilized to determine whether bacteri-
ostatic effects may occur due to the transfer of
disinfectant residues to the surface of agar con-
tact plates.

MATERIALS AND METHODS

Organism. A disinfectant-resistant strain of S.
aureus ATCC 6835, grown as specified previously (7,
14), was utilized in this study. A 24-h broth culture
was diluted to a concentration of approximately 10;
viable organisms per ml as determined by serial
plate counts.

Sampling plates. RODAC plates (Falcon Plastics)
filled with approximately 15.5 to 16.5 ml of nutrient
Letheen agar were prepared. The Letheen agar con-
tained 0.5% beef extract (Difco), 0.5% NaCl, 1.0%
peptone (Anatone), 1.6% agar, 0.5% sorbitan mono-
oleate (Polysorbate 80), and 0.07% lecithin (Azolec-
tin).

Disinfectants utilized. Three major types of disin-
fectant products were used in this evaluation: a
phenolic preparation (One-Stroke Vesphene, Vestal
Labs, St. Louis, Mo.), a quaternary ammonium
chloride formulation (A-33 Liquid, Airkem, Carl-
stadt, N.J.), and a nonionic-iodine complex (Wesco-

dyne, West Chemical, Long Island, N.Y.). The com-
position of the formulations was as follows: One-
Stroke Vesphene, 10.0% o-phenylphenol, 8.5% o-
benzyl-p-chlorophenol, and 2.0% p-tertiary-amyl-
phenol; Wescodyne, 9.10% polyethoxy polypropoxy
polyethoxy ethanol-iodine complex and 8.74% nonyl-
phenoxy polyethylene oxyethanol-iodine complex
(provides a minimum of 1.6% titratable iodine); A-33
Liquid, 3.0% n-alkyl(60% C,4, 30% C,,;, 5% C12, 5%
C,8) dimethyl benzyl ammonium chlorides, 0.7% es-
sential oils, and 0.143% tetrasodium ethylenedia-
minetetraacetate. All products were diluted with
sterile distilled water to the manufacturer's recom-
mended concentration for hard-surface disinfection.
Mop heads. Miniature versions of commercial cot-

ton mop heads were constructed by cutting approxi-
mately 100 12-inch (ca. 30.5-cm) strands from a new
cotton mop head, folding them in half, and binding
them at the folded end. Mop heads were placed
individually into empty 4,000-ml beakers, covered
loosely with foil, and sterilized in a steam autoclave
at 121°C for 30 min just prior to use.

Construction of simulated floor panels. Eight ar-
tificial floor panels were prepared, each consisting of
four 1-foot (ca. 30.5-cm) squares of asbestos-vinyl
floor tiles mounted on 0.75-inch (ca. 1.9-cm) thick
plywood. Sixty-four sampling sites were identified
on each floor panel by using water-insoluble enamel
spots and an X-Y coordinate grid system.

Preparation of simulated floor panels prior to
testing. Eight simulated floor panels were scrubbed
with a warm nonionic detergent solution, rinsed
with warm tap water, and finally rinsed with sterile
distilled water. Floor panels were placed in a "clean
area" to prevent airborne contamination. Isopropyl
alcohol (70%) was poured onto the panels and dis-
persed by means of sterile paper towels to remove
any foreign residues as well as contaminating mi-
croorganisms. The alcohol solution was allowed to
air dry.
Each of three test panels was mopped with one of

the disinfectant test solutions and allowed to air
dry. Based on the actual in-use manufacturer's (Air-
kem) recommended application rate of 1 gallon (ca.
3.8 liters) per 500 square feet (ca. 46.5 m2) of area
mopped, a minimum of 30 ml ofdisinfectant solution
was applied to each treated floor panel. Four of the
remaining panels were inoculated artificially by dis-
persing 2.0 ml of the S. aureus solution (10:f orga-
nisms per ml) over each panel. Dispersion was ac-
complished by using a sterilized sheet of lens paper,
which was drawn across the entire surface of the
floor panel. Inoculated panels were also allowed to
air dry for approximately 15 min. One floor panel
was left untreated.

Test conditions. All experiments were conducted
under ambient room conditions. Temperatures
ranged between 68 and 72°F (ca. 20 and 22.2°C). The
relative humidity ranged between 64 and 68%.

Test procedure. Individual RODAC plates were
pressed with moderate vertical pressure (8) to each
of the 64 sampling sites on the three disinfectant-
treated floor panels. Immediately thereafter, the
same plates were touched to corresponding sites on
three of the artificially inoculated floor panels. In
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addition to the three disinfectant-treated floor
panels, an untreated floor panel (which served as a
control) was sampled with 64 RODAC plates, which
were subsequently touched to the fourth artificially
inoculated panel, according to the procedure em-
ployed for the disinfectant-treated panels. A total of
64 plates were then derived for each disinfectant-
treated floor panel as well as for the untreated con-
trol panel. This experiment was repeated on three
different occasions.

All RODAC plates were incubated for 24 h at
35°C. Plate counts were then obtained for each plate
with a Quebec colony counter. Individual counts for
the 64 plates from each floor panel were totaled to
obtain an average plate count.

RESULTS
An average plate count was calculated for

each disinfectant-treated panel, as well as for
the control (Table 1). A final average was com-
puted on the basis of three independent experi-
ments. Each final average represents a total of
192 individual plate counts. The frequency dis-
tribution pattern ofthe data indicated a normal
distribution curve. Since more than two-thirds
of the individual counts fell within one stand-
ard deviation of the mean, the mean presented
in conjunction with the standard deviation is
felt to represent the data adequately (24). The
final averages indicate that plate counts were
generally higher from the disinfectant-treated
panel compared with the untreated control.
The greatest difference was noted with respect
to the quaternary formulation. Some of the pos-
sible explanations for this phenomenon will be
expanded upon below.

DISCUSSION
A number of approaches were investigated in

an attempt to design the most appropriate pro-
tocol to clarify the current ambiguity concern-
ing the adequacy of disinfectant residue neu-
tralization on agar contact surfaces. My prime
objectives were directed towards the simulation
of conditions most likely to be encountered un-
der commonly used RODAC surface sampling
procedures.
The quantity of various disinfectant residues

removed by contact from the surface of disinfec-

TABLE 1. Results of three experimental trials

Avg no. of colonies for 64 plates
Panel

Expt 1 Expt 2 Expt 3

Untreated 53 ± 15.4 176 ± 60.7 60 ± 39.9
control

Phenolic 60 ± 18.0 188 ± 46.5 50 + 18.8
Quaternary 75 ± 22.5 191 ± 47.1 58 ± 23.1
lodophor 71 ± 23.1 160 ± 42.1 63 ± 20.3

tant-treated floor surfaces has not been re-
ported. Attempts to extract and accurately
measure these residues from the floor were un-
successful. It was decided that, although these
figures would be of interest, it was more impor-
tant to determine whether the unknown quan-
tity of residue extracted from a treated surface
was, in fact, sufficient to depress the number of
colony-forming units picked up by the RODAC
plate. Various authorities in the disinfectant
field, such as Engley and Dey (12) and Walter
and Foris (25), have investigated the possible
inadequacy of standard inactivators or neutral-
izers under conditions not simulating actual
surface sampling procedures. In essence, what I
hoped to examine was whether residues picked
up on agar surfaces as a result of commonly
used RODAC surface sampling procedures
would reduce significantly the colony count on
the RODAC plate after subsequent incubation.
To determine this, several important consid-

erations were taken into account. First, the
disinfectant residues had to be implanted in a
manner identical to that encountered under
normal conditions. Second, a procedure had to
be developed that would supply a consistent
number of the proper organisms, which would
then be distributed evenly across the agar sur-
face. Third, a direct application of disinfectant
to organism or organism to disinfectant would
result in the ultimate reduction of viable orga-
nisms to a level too low to be useful; therefore
contact between the disinfectant residue and
the organism had to be made under "dry" condi-
tions.
The first consideration was handled by con-

structing actual floor panels from plywood cov-
ered with floor tiles. These artificial floor
panels could be treated with various disinfec-
tant solutions and subsequently used to supply
the residues by placing sterile RODAC plates
in contact with the treated panels.
The second consideration was the most diffi-

cult since the proper organism had to be chosen
and that organism had to be distributed evenly
to assure relatively consistent plate counts.
Since quaternary ammonium compounds have
been highlighted because of their exceptionally
high bacteriostatic activity (11), it was logical
to select an organism that would be susceptible
to this bacteriostatic pressure. One of the rea-
sons why S. aureus was chosen as the test
organism is its high sensitivity to low concen-
trations of quaternaries (23). In addition,
Staphylococcus is unusually resistant to desic-
cation. Trials utilizing gram-negative orga-
nisms such as Escherichia coli and Klebsiella
pneumonia were unsuccessful because viable
cells were not recoverable after a drying period

82 BRUMMER



POSSIBLE DISINFECTANT TRANSFER 83

at levels high enough to allow proper interpre-
tation of this study.
Once the appropriate organism was chosen,

another consideration was the method of dis-
persal onto the floor panels to assure relatively
uniform distribution. Initially, it was thought
that a spray technique would be adequate.
Three types of aerosolization were examined,
including nitrogen pressurization, the De-
Vilblis technique, and the Preval technique.
These methods, discarded after numerous
trials, indicated that dispersion was not uni-
form. Further difficulties arose when large
quantities of the diluted inoculum were lost as I
was attempting to spray the edges of the floor
panels. Also, the desiccation factor from aero-
solization was very high, causing a significant
reduction in the numbers of surviving orga-
nisms.
The next approach turned out to be the most

consistent. This method involved the use of a
sterile lens paper to draw the inoculum across
the panel. A series of experiments was run to
determine the concentration of inoculum neces-
sary to produce consistent counts between 30
and 150 colonies. Once a method for consistent
inoculum dispersion was established, subse-
quent developments progressed satisfactorily.
To produce a "dry" contact between the disin-

fectant residue and the "dry" test organism, the
RODAC plate was utilized by first contacting
the panel treated with disinfectant solution
(and allowed to dry) and immediately thereaf-
ter touching the same RODAC plate to the
inoculated panel (also allowed to dry).
The panel treated with a quaternary com-

pound produced, on the average, higher counts
than colony counts obtained in conjunction with
the other two types of disinfectant products, as
well as the control. This is probably a result of
the detergent properties of the formulations
which cause a greater dispersion of clustered
organisms. Macroscopic colonies may be formed
as a result of one organism or many organisms
in a cluster. The physical breaking up of clus-
ters could cause an increase in colony numbers
without a corresponding increase in viable or-
ganisms.

Extrapolation of any simulated in-use test
results to actual in-use test results must be
made very cautiously. However, the methods
and procedures utilized in this study were de-
signed to approach, as closely as possible, con-
ditions existing on actual environmental sur-
faces. Therefore, based on the results accumu-
lated over a number ofexperimental trials, it is
concluded that disinfectant residues that are
picked up on the surface of RODAC plates con-
taining the neutralizers lecithin and Polysor-

bate 80, collectively known as Letheen, are
neutralized adequately and in fact do not alter
the validity of RODAC sampling.

ACKNOWLEDGMENTS

I gratefully acknowledge the efforts of George Mallison
of the Center for Disease Control, Atlanta, Ga., for his
helpful advice in the development of the methodology uti-
lized in this experiment. I also acknowledge the technical
assistance of Joan Young and Tom Robinson.

LITERATURE CITED

1. American Hospital Association. 1970. Infection control
in the hospital. American Hospital Association, Chi-
cago.

2. American Hospital Association. 1971. Role of environ-
mental sampling, panel discussion, p. 165-170. Pro-
ceedings of the International Conference on Nosocom-
ial Infections, Center for Disease Control, 3 to 6 Au-
gust 1971. American Hospital Association, Chicago.

3. American Hospital Association. 1974. Statement on mi-
crobiologic sampling in the hospital, Committee on
Infections Within Hospitals. Hospitals 48:125-126.

4. American Public Health Association Committee on Mi-
crobial Contamination of Surfaces. 1970. A coopera-
tive microbiological evaluation of floor-cleaning pro-
cedures in hospital patient rooms. Health Lab. Sci.
7:256-264.

5. Angelotti, R., and M. J. Foter. 1958. A direct surface
agar plate laboratory method for quantitatively de-
tecting bacterial contamination on nonporous sur-
faces. Food Res. 23:170-174.

6. Angelotti, R., M. J. Foter, K. A. Busch, and K. H.
Lewis. 1958. A comparative evaluation of methods for
determining the bacterial contamination of surfaces.
Food Res. 23:175-185.

7. Association of Official Analytical Chemists. 1975. Offi-
cial methods of analysis of the Association of Official
Analytical Chemists, 12th ed. Association of Official
Analytical Chemists, Washington, D.C.

8. BBL, Division of BioQuest, Division of Becton, Dick-
son and Co. 1972. Suggested use-RODAC plates.
BBL, Cockeysville, Md.

9. Bond, R. G., M. M. Halberg, K. M. Keenan, H. D.
Putnam, 0. R. Ruschmeyer, and D. Vesley. 1963.
Development of a method for microbial sampling of
surfaces with special reference to reliability. Con-
tract Ph-86-62-182, Division of Hospital and Medical
Facilities, Bureau of State Services, U. S. Public
Health Service, Minneapolis.

10. Brey, F., and B. Brummer. 1974. Disinfectant evalua-
tion (in-use testing), p. 1-4. Integral Asepsis Forum,
vol. 1, no. 2. Airkem, Carlstadt, N.J.

11. Ditoro, R. D. 1969. New generation of biologically ac-
tive quaternaries. Soap Chem. Spec. March 1968:47-
92.

12. Engley, F. B., Jr., and B. P. Dey. 1970. A universal
neutralizing medium for antimicrobial chemicals, p.
100-106. In R. F. Prindle (ed.), Chemical Specialties
Manufacturing Association, Proceedings of the 56th
Mid-Year Meeting. Chemical Specialties Manufac-
turers Association, Inc., New York.

13. Favero, M. S., J. J. McDade, J. A. Robertsen, R. K.
Hoffman, and R. W. Edwards. 1968. Microbiological
sampling of surfaces. J. Appl. Bacteriol. 31:336-343.

14. Federal Register. 25 June 1975. Guidelines for register-
ing pesticides in United States, vol. 40, no. 123, p.
26801-26928. U. S. Government Printing Office,
Washington, D. C.

15. Fincher, E. L. 1965. Surface sampling. Application,
methods, recommendations, p. 189-199. In Proceed-

VOL. 32, 1976



84 BRUMMER APPL. ENVIRON. MICROBIOL.

ings of an institute on the control of infections in
hospitals. Continuing Education Series no. 138,
University of Michigan, Ann Arbor.

16. Goldsmith, M. T., M. A. Latlief, J. L. Friedl, and L. S.
Stuart. 1954. Adsorption of available chlorine and
quaternary by cotton and wool fabrics from disinfect-
ing solutions. Appl. Microbiol. 2:360-364.

17. Hall, L. B., and M. J. Hartnett. 1964. Measurement of
the bacterial contamination on surfaces in hospitals.
Public Health Rep. 79:1021-1024.

18. Lennette, E. H., E. H. Spaulding, and J. P. Truant
(ed.). 1974. Manual of clinical microbiology, p. 841-
857. American Society for Microbiology, Washington,
D. C.

19. Mallison, G. F. 1974. A hospital program for control of
nosocomial infections. Assoc. Pract. Infect. Control
2:1-6.

20. Mallison, G. F. 1975. Housekeeping in operating suites.
A.O.R.N. J. 21:213-220.

21. Quisno, R., I. W. Gibby, and M. J. Foter. 1946. A

neutralizing medium for evaluating the germicidal
potency of the quaternary ammonium salts. Am. J.
Pharm. 118:320.

22. Rohde, P. A. 1963. A new culture plate-its applica-
tions. Bull. Parenter. Drug Assoc. 17:11-13.

23. Sykes, G. 1965. Disinfection as sterilization, 2nd ed. J.
B. Lippincott Co., Philadelphia.

24. Wallis, W. A., and H. V. Roberts. 1956. Statistics: a
new approach. Free Press of Glencoe, Macmillan Co.,
New York.

25. Walter, G., and S. Foris. 1966. A potential error in
surface sampling for bacteria, p. 113-116. In R. F.
Prindle (ed.), Chemical Specialties Manufacturing
Association, Proceedings of the 52nd Annual Meet-
ing. Chemical Specialties Manufacturers Associa-
tion, Inc., New York.

26. Walter, G., and G. J. Hucker. 1941. Proposed method
for the bacteriological examination of flat surfaces.
Am. J. Public Health 31:487-490.


