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ABSTRACT

Microbial aerosols are known to be created and disseminated in dental
operating rooms (DOR's) in quantities sufficient to raise the possibility of cross
infection. The purpose of this study was to evaluate the effectiveness of high
efficiency particulate air (HEPA) filters in reducing the concentration of air-
borne microorganisms. Tests were made in DOR's of 1600-, 1800-, and 3240-ft 3

capacity with an 800-cfm HEPA filter unit. Concentrations of microorganisms
were measured 4 times daily at approximately 2- to 3-hour intervals. Samples
were taken in each DOR with 1-hour Reyniers air samplers drawing 1 cfm for
2 weeks without air filtration and then for 2 weeks with air filtration. In a DOR
used for routine scaling with an ultrasonic instrument, the mean microbial air
count of 21 viable particles (VP)/ft3 without air filtration was reduced 90 percent
when the air was filtered. In this DOR, peak recoveries of 185 VP/ft3 without
air filtration were reduced 84 percent when the air was filtered. Bacteria
recovered during peak periods were predominantly alpha-hemolytic streptococci
of the viridans group. In two DOR's used only for routine operative dentistry,
microbial air counts were lower, with mean values of 3-8 VP/ft 3 and peak values
of 8-26 VP/ft3 without air filtration. These concentrations were reduced 65 percent
when the air was filtered. It was concluded that under normal working conditions
an 800-cfm HEPA filter unit is effective in reducing the concentration of airborne
microorganisms in a DOR by about 70 percent.
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INTRODUCTION

Cross infection in dental operating rooms (DOR's) is a subject of consider-
able conjecture, particularly when airborne transmission of disease is in question.
The normal origin of airborne microorganisms is actions such as sneezing and
coughing and movements that dislodge bacteria-bearing particles from skin and
clothing, but DOR's contain various additional sources for the creation and dis-
semination of microbial aerosols. Investigators have shown that mechanical
instruments (e. g., air turbine handpiecesi- 6 and ultrasonic scalers 7 ) are cap-
able of increasing the microbial content of air. Pelleu 8 has found that dental
unit water systems are also important sources of air contamination.

The airborne route of infection has been established as the mechanism
for transmitting a number of diseases, 9 and droplet nuclei have been implicated
as the primary mode of transmission. 10, 11 Riley and O'GradyII have described
infectious particles that remain in the air as being of two basic varieties, dust-
borne and droplet-nuclei borne. Dustborne particles are removed by sedimen-
tation, but droplet nuclei less that 5 microns in size are so light they remain
suspended for relatively long periods. High efficiency filters have been shown
to remove from 90 to 99 percent of all particles in the 1- to 5-micron diameter
range. 12 Whitfield1 3 has shown that laminar air filtration systems containing
prefilters and high efficiency filters maintain the quality of air throughout an
enclosure at values equal to those. produced by high efficiency filters themselves.
Laminar flow filtration consists of sweeping a confined area with highly filtered
air flowing along parallel lines at a constant rate. which requires installation of
a laminar-flow filtration system covering one entire wall of a room. The cost
of such a system would be prohibitive for the average DOR; however, individual
blower-filter modules are relatively inexpensive, and it was interesting to speculate
on the effectiveness of a floor-placed module in filtering out suspended micrhial
particles.

The purpose of this investigation was to evaluate the effectivene3s of a
single high-efficiency particulate air (HEPA) filter unit in reducing the number
of viable particles in the air of DOR's under normal working conditions.

MATERIALS AND METHODS

Three DOR's with capacities of 1600, 1800, and 3240 cubic feet, respec-
tively, were used in this study. The primary dental activity in the smallest DOR
was cleaning teeth with an ultrasonic scaler; that in the other DOR's "was operative

dentistry.

The opinions or assertions contained herein are the private ones of the
writers and are not to be construed as official or reflecting the views of the Navy
Department or the naval service at large.



AIR FILTRATION. -- A floor model blower-filter module* containing a

HEPA (high efficiency particulate air) filter was used. This module filters

approximately 800 cubic feet of air per minute (cfm) and conforms to Federal
spedifications fer sirr •'¢•-'rcy of 99, 97 percent or more on particles 0.3 micro'n
in diameter and larger. 14 The module was placed on the floor against a wall
6 to 8 feet from the patient's mouth, with the filtered air outlet facing the dental
working area and the air intake about 4 feet above the floor. The module was
started 24 hours before the initial samplings for microbial content of filtered
air were taken.

AIR SAMPLINGS. -- Air samplings of 55 minutes' duration were taken
four times a day (at 8 AM, 10:45 AM, 1. PM, and 3 PM) to measure concentrations
of viable particles per cubic foot of air. Samplings were taken with 1-hour but-
type air samplerst with the slit width set at 0. 152 mm and the airflow rate con-
trolled at 1 cfm by a flowmeter. f The culture medium, which was contained
in 150 by 25 mm disposable plastic Petri dishes, 6 was prepared by layering
5 percent whole sheep blood in trypticase soy agarl] over a previously poured
layer of the same medium without blood. After sampling, all plates were incu-
bated at 37 0C for 24 hours. Colonies were then counted in reflected light. Each
colony was assumed to represent a single viable particle in the air, and the micro-
bial concentration was defined as the number of viable particles per cubic foot
of air.

Samplings were taken in each DOR for 2 weeks without air filtration and
then for 2 weeks with air filtration.

At the start of the study, two samplers were routinely used to compare
counts at different locations. The orifices of both samplers were 2 to 3 feet
above the floor; one positioned 1 foot from the patient's mouth and the other about
10 feet from the patient's mouth. No significant difference was noted between the
counts at these positions; therefore, all further samplings were made at the latter
position.

Since activities within the DOR's varied during the sampling day, the
following three categories of activity were established for effective comparison
and evaluation of results:

Category 1. None (no activity and no persons in the DOR).
Category 2. Normal (normal activity without a patient in the DOR).
Category 3. Dental procedures (activity Including the performance of

dental procedures on a patient).
A mean viable particle (VP) count was obtained by averaging all values

obtained throughout the day; a mean peak viable particle (PVP) count was obtained
by averaging values obtained during 5-minute peak recovery periods.

*Model No. 43, Agnew-Higgins, Garden Grove, Calif.
t Reyniers sampler, Model FD-100, Reyniers and Son, Chicago, Ill.

tModel 0800F, Gelman Instrument Co., Ann Arbor, Mich.
§Catalog No. 1013, Falcon Plastics. Los Angeles, Calif.
| Baltimore Biological Laboratories, Inc., Baltimore, Md.
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RESULTS

When the results of collecting airborne viable particles from two different

positions in one DOR were compared (Table 1), the level of contamination 1 foot
from the patient's mouth was generally the same as the level approximately 10 feet

Table 1. -- Airborne microbial concentration in a dental operating room

Number No Air Filtration Number Air Filtration
Activity of PositionAT PositionBt of PositionA PositionB

Trials* (VP/Ft3 )§ (VP/Ft3 ) Trials (VP/Ft3 ) (VP/Ft3 )

Dental
procedures 26 7.8 -• 3.9 7.6 ,-± 3.1 14 2.2 + 1.9 2.9 + 1.9

Normal (no
patient in
room) 12 3.5 - 2.4 4.6 ± 2.7 7 0.6 - 0.6 1.6 4- 5.7

None (no
persons in
room) 7 0.9 0.5 1.3 .0.8 5 0.1 4= 0.1 0.3 + 0.2

*Each trial represents a dual sampling at positions A and B.

tSampler orifice positioned 1 foot from patient's mouth.
fSampler orifice positioned 10 feet from patient's mouth.
§Viable particles per cubic foot of air.
WStandard deviation. •

from the patient's mouth for all categories of activity. This was observed both
with and without air filtration.

The effects of air filtration on microbial concentrations in the air of all
dental operatories tested were tabulated (Table 2). Reductions ranging from 47
to 99 percent were noted in all cases where air filtration was employed, irrespec-
tive of the type of activity in the room. Some samples collected during use of the
ultrasonic scaler without air filtration revealed a shower of colonies (Fig 1) with
momentary counts higher than 300 VP/ft3 . In all cases where high peak counts
like these were recovered durin," ultrasonic scaling, over 90 percent of the bac-
teria were identified as alpha-hemolytic streptococci of the viridans group.

The effect of air filtration on peak microbial concentrations is given (Table
3 and Fig 2). Highest peak values were found where the ultrasonic sealer was
used routinely. Air filtration pr(xtuced reductions ranging from 5G6to 84 percent
in initial PVP counts produced by dental procedures, and from 67 to 97 percent
In IVP counts remaining 10 to 20 minutes after dental procedures. On two
isolated occasions, particle sizes were checked with a six-stage sampler* which

* Andersen sampler, Model No. 0101, Andersen Samplers and Consulting

)&irvic(o, Provo, Utah.



Table 2.--Effect of air filtration on airborne microLial concentrations
in dental operating rooms with diff'?rcnt activities

No Air Filtration Air Filtration Decrease in
Room
Size Number Number Microbial

of V P/Ft 3  of V P/,t 3  Concentration

(Ft 3 ) Trials Trials (%)

Dental 1600 15 21.0 27.01 22 2.2 A±2.7 90

procedures 1800 13 2.G 1.2 13 0.7 + 0.4 -731
3240 26 7.6 3. 1 1.4 2,9 1.9 1.2-9

Normal (no 1600 3 1.9± 0,5 3 1.0 •0.0 47

patient in 1800 4 1.5 4f 0.3 4 0.6 0.4 60
room) 3240 12 4,C6( 2.7 7 1.6 -5.7 65

None (no 1600 5 1.7 0.8 3 0. c z- 0.6 53

persons in 1800 3 1.1- 0.1 3 0.1 +0.0 91
room) 3240 7 1.3 0.8 5 0.3 L0.2 77

Viable particles per cubic foot of air.
tStandard deviation.

Table 3. -- Effect of air filtration on peak airborne microbial
concentrations in dental operating rooms

Decrease in

Room Primary Time No Air Filtration Air Filtration Microbial Con-
Size Activity (Min) (V p/ Ft 3 ) * contration after
(Ft3) Air Filtration

1600 Routine 0 185.0 29.0 IS-t. 3
Scaling 10 101.0 2.8 97.2

20 30.0 1.0 96.7

1800 Operative 0 7.7 3.4 56. 0
Dentistry 10 4.1 0.7 82.9

20 2.5 0.7 72.0

3240 Operative 0 26.0 8.5 67.3
Dentistry 10 11.0 3.6 67.2

20 7.3 1.6 78.0

*Viable particles per cubic foot of air.
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Fig. 1. Diagram of slit-type air sampler
plate showing colonies collected in 5-minute
periods following use of ultrasonic scaler.
Numbers around periphery represent time
in minutes. Flow rate = 1 ft3 /min.

'-"--- WITHOUT FILTRATION
------ WITH FILTRATION

55 75 55 5

Sf o. I. fo .
<5 01l0

40 U0 f 5 < 108 2

35 " 25C6,., (6trials)

Tim. (Mmn.) Time (Min.i Tim. (Mic.)

A B C
Fig. 2. Clearance rates of perd concentrations of viable particles
in dental operating rooms with and without filtration of air. Peak
values during perioms of dental activity. A 1600 Ft. 3 (100%
185 •80)0 B = 1800 Ft. 3 (100%=8S 4). C = 3240 Ft. 3 (100%
= 26 t 14).
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revealed that over .0 percent of the vitblo partickles recovormtl dirling iH)iik
counts were less than I micron in sirt.

The Influence of room size on the efficieney of tho 800 ,f, llE 1 PA filter
module is shown in 'Table ,4. No significant (tiff(tlrnco in effect wUs noted in
two DOR's where operative dentistry was perfornmed detspite diffo rt, n, Ill
size of 1800 ft 3 versus 3240 ft:1.

Table 4. -- Efficiency of IIEPA filtration related to room size

Effect of Air Filtration
Room Capacity Reduction tn leduction In PeukPrimary Activity (Ft 3 ) Viable Particles Viablo Particles

_ _ _ _ _ _ _ _ _ _ _(%) (% )
Routine Scaling 1600 90 84
Operative Dentistry 1800 13 5 6
Operative Dentistry 3240 62 67

Mean: 75 69

DISCUSSION

The HEPA filter was effective in reducing microbial levels in all cases
regardless of the nature of activity in the DOR. A combined reduction of
approximately 70 percent was noted for VP concentrations as well as PVP con-
centrations In the air. It is interesting to note that these results compared
closely with those obtained in another study 1 5 made with the same filter module
but under experimental conditions in which a static aerosol was employed.

Differences between the sizes of the rooms used in this study were not
large enough to be a factor in determining the efficiency of the 800-cfm HEPA
filter. However, the level of microbial contamination in the air may be a factor
in calculating efficiency of reduction. Air filtration appeared to be more efficient
in the DOR where the ultrasonic scaler was used and VP and PVP concentrations
were highest. It has been reported1 2 that filters have greater collecting efficien--
dces at higher velocities, particularly when particles are in high concentrations.
This would indicate that even better results might be anticipated in DOR's having
higher microbial concentrations than those in this study.

Mean peak counts of 185 VP/ft3 of air in the DOR where the ultrasonic
scaler was used were the highest obtained in this study. It is noted that the
predominant bacterial strain recovered is an alpha-hemolytic streptococcus of
the viridans group. This finding may mean that the ultrasonic scaler causes a
release into the air of large numbers of these bacterial strains, which normally
are associated with dental plaque. Further study is needed to clarify this
relationship,

Although potentially pathogenic microorganisms have been recovered in
the air of DOR's, no studies have proved or disproved a link between them and
the occurrence of a disease. There is a need for a comprehensive study to

6



define the relationship between air contamination and infection rates in dentistry.

In the meantime, dental operatories, like other areas where patients are treated,

should be managed in accord with the sanitary approach to the problem of cross

infection; i.e., the cleaner the cnvironmant, including the air, the less will be

the chance for cross infection. The filtering module tested in this study reduces

microbial concentrntions in the air of DOR's considerably. Other modules, with

lower filtering efficiency ratings and with less capacity, are also available and

the effectiveness of some of these is currentiy being tested. It has been estab-

lished, however, that a single 800-cfm capacity HEPA filter module is effective

in reducing the concentration of airborne microorganisms in a dental operating

room by about 70 percent.

SUMMARY

A floor model blower-filter module, with a high-efficiency particulate
air filter and a capacity of 800 cubic feet per minute, was tested for efficiency

in reducing microbial concentrations in the air of 1600-, 1800-, and 3240-cubic-

foot dental operating rooms under normal working conditions.
Samplings of microbial concentrations in the air of dental operating rooms,

taken with a slit sampler, v-ried according to the amount and type of activity in

a room, ranging from 3 to 185 viable particles per cubic foot.
Air filtration through the blower-filter module resulted in an average

reduction of about 70 percent in the number of viable particles in the air.

ACKNOWLEDGMENTS

The authors acknowledge with thanks the technical assistance of Dental

Technician Second Class R. P. Poe, USN, Dental Technician Third Class D. J.
Smith, USN, and Albert Gaist, Chief, Technical Engineering and Design Division,
Officer Academic Department, Naval Dental School.

REFERENCES

1. Plstocco, L. It., and Bowers, G. M. Demonstration of an aerosol produced

by the air-water spray and air-turbine handpiece. U. S. Navy Medical News
Letter 40:24, 1962.

2. Stevens, R. E., Jr. Preliminary study--air contamination with microorganism-as
during use of air turbine handpicces. J Amer Dent Assoc 6G:237-239, 1963.

3. Hausler, W. J., Jr., and Madden, R. M. Microbiologic comparison of dental
handpieccs. 2. Aerosol decay and dispersion. J Dent Res 45:52-58, 1966.

4. Kazantjis, G. Air contamination from high-speed dental drill. Proc Roy
Soc Mcd 54:242-244, 1961.

5. Larato, D. C.; Ruskin, P. F.; Martin, A.; and Delanko, R. Effect of a
dental air turbine drill on the bacterial counts in air. J Prosth Dent 16:
758-765, 1966.

7



6. Miller, R. L.; Burton, W. E.; and Spore, R. W. Aerosols produced by

dental instrumentation. Proc First Intern Symp Aerobiol, Berkeley, Calif.,
1963, pp. 97-118.

7. Larato, D. C.; Ruskin, P. F.; and Martin, A. Effect of an ultrasonic
scaler on bacterial counts in air. J Periodont 38:550-554, 1967.

8. Pelleu, G. B., Jr. Unpublished data.
9. McDermott, W. (editor). Conference on Airborne Infection, Miami Beach,

Fla., Dec 7-10, 1960. Baltimore, The Williams & Wilkins Co.
10. Wells, W. F. Airborne Contagion and Air Hygiene. Harvard University

Press, Cambridge, Mass., 1955, pp. 142-152.
11. Riley, R. L., and O'Grady, F. Airborne Infection, Transmission and

Control. New York, The Macmillan Co., 1961.
.12. Decker, H. M.; Buchanan, L. M.; Hall, L. B.; and Goodard, K. R. Air

Filtration of Microbial Particles. Public Health Service Publication No.
953, Washington, D.C., U.S. Government Printing Office, 1962.

13. Whitfield, W. J. The Design of a Dust-Controlled Vented Hood Utilizing
Laminar Air Flow. SC-4905(RR), Albuquerque, N. M., Sandia Corp., 1963.

14. Agnew, B. Laminar/Flow Clean Room Handbook, 2nd ed. Garden Grove,
Calif., Agnew-Higgins Inc., 1965.

15. Shreve, W. B.; Pelleu, G. B., Jr.; and Wachtel, L. W. Effect on Airborne
Bacteria of Extraneous Particulate Matter or Air Filtration, NDS-TR-007.
Bethesda, Md., Naval Dental School. 1969.

8


