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Abstract  

Background 

The COVID-19 pandemic has underscored the need to reduce air and surface pathogens

in publicly occupied indoor spaces. This study evaluates the effects of an advanced

photocatalytic (APC) air purification system on both the air and surface microbial burden in

a dental school oral surgery department. 

Methods 

Samples were collected from two operatories, where aerosol generating procedures were

regularly performed, for three consecutive days prior to use of APC units, and for three

consecutive days two weeks after a CASPR Compact APC unit was installed and running

continuously in each room. Total aerobic bacterial counts were measured in the air and on

surfaces using agar settling plates (n = 36) and cellulose environmental testing sponges (n

= 60).  

Results 

The APC units yielded a 76% reduction (p = 0.0015; 95% confidence interval, 17 to 529

CFUs) in the aerobic bacterial count measured on surfaces, and a 58% reduction (p =

0.0012; 95% confidence interval, 35 to 95 CFUs) in the aerobic bacterial count measured

in the air. 
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Conclusions 

The APC air purification system provides a promising solution to reduce air and surface

microbial burden in dental environments, where aerosol generating procedures are

regularly performed. 

Practical Implications 

Dental clinics produce high amounts of bioaerosols and likely present higher risks for

disease transmission. Implementing APC air purification technology may help to mitigate

risk. 

Key Words 

Photocatalytic Oxidizers, PCO, CASPR, Aerosols, COVID-19, SARS-CoV-2, Dental Clinic,

Oral Surgery 

Introduction 

Since the 1960s and 1970s, environmental microbiologists have measured the distribution

and content of fluid particles from the mouths of patients undergoing dental procedures.

This early research reported contamination from air-turbine handpieces, air-water syringes

and other equipment, and recommended dentists use protective shields and glasses to

reduce contamination.1-4  

The spread of COVID-19, caused by the virus SARS-CoV-2, has reawakened interest in

the respiratory microbial burden of ambient air in general, and contamination from aerosol

generating dental procedures (AGDPs) in particular. SARS‐CoV‐2 has been shown to

remain infectious in aerosols for hours, and on surfaces for days.5,6 In one laboratory

study, viruses in aerosols remained viable for up to 16 hours.7 Wide dispersal of viral load

has been documented in hospital and isolation units, contaminating nearly 100% of floors

under beds and 80% of airducts.8,9 While the exact risk of AGDPs to dental personnel and

patients is not known, dental aerosols represent an undeniable inhalation risk for SARS‐
CoV‐2, as well as other respiratory pathogens. These include tuberculosis, influenza,

measles and mumps.10  

In September 2020, an evaluation of AGDPs noted that bacterial contamination occurs

some distance from the field of dental operation, namely, 360 cm for air turbine handpiece
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operating at 400000 rpms, 300 cm for contra-angle handpiece, and 240 cm for ultrasonic

scaler. It should be noted that the authors concluded that “No surface of the operative

environment was free from the tracer after the use of the air turbine.”11  

Various ventilation, filtration and de-densifying methods have been recommended by

different bodies to prevent transmission of respiratory pathogens in buildings and hospitals.

Many are based on theoretical models or formulas, rather than empirical testing.12-19 This

study evaluates the efficacy of an advanced photocatalytic (APC) air purification system

(Figure 1) on bacterial presence in air and on surfaces.  

Figure 1: CASPR Compact unit 

Photocatalytic oxidation (PCO), first patented for air cleaning by NASA in 1977,20 uses UV

light and a catalytic surface to oxidize gaseous molecules in the air. Many of the reaction

products are highly reactive radicals which can combine to form hydrogen peroxide (H2O2)

and Ozone (O3).21, 22 These oxidizing species can then react with viral envelopes and

bacterial cell membranes, leading to death of the pathogen.22, 23 Since the technology was

first developed, catalytic processes with greater efficiency have been developed and tested
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in hospital settings, reducing numbers of multidrug-resistant bacteria and decreasing

hospital absenteeism caused by healthcare-associated infections.24-26 Although these

systems have been proven effective in hospital settings, dental offices have lower

ventilation regulations and more frequent AGDPs. For this reason, is important to evaluate

the effects of an APC system in a real-life dental environment. Here we evaluate the

effects using a CASPR Compact stand-alone unit. This APC system was chosen because

of its ability to alternate between low-ozone and non-ozone producing modes for continued

and safe occupation of surgical rooms.  

Methods 

Set-up, Site Selection, and Schedule 

Testing took place in the enclosed oral surgery operatories no. 4 and no. 5 at the Texas

A&M University College of Dentistry between November 17 and December 4, 2020. Both

surface and air sampling were completed using the methods described below. The two

operatories (surgical bays) are 3.8 x 4.2 m2 (49 m3) and 3.8 x 4.1 m2 (48 m3),

respectively. The rooms have forced air ventilation at a rate of 14 air exchanges per hour.  

A week prior to the start of testing, surfaces were identified using ATP surface testing

(UltraSnap Surface ATP Test with SystemSURE Plus luminometer, Hygiena) in areas that

were unlikely to have regular direct contact or cleaning. This was to ensure consistent and

representative samples were collected. The upper side of the bottom base portion of

medical carts positioned next to the oral surgery patient chairs were selected as the testing

surfaces (Figure 2).
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Figure 2: Medical Cart (orange arrow indicated area of surface testing)

The APC units were placed in each operatory on top of built-in cabinetry at a height of

2.3 m from the floor with the airflow directed horizontally in the direction of the patient’s

chair and the medical cart identified for surface sampling. Space was allocated next to the

units for the settling plates used for passive microbial air sampling. The medical carts were

located at a distance of 2.6 m in room 4, and 2.5 m in room 5, from the APC units. Settling

plates were placed on the built-in cabinetry between 20 cm and 60 cm adjacent to the APC

units, at a location not in the path of the air flow induced by the APC system. 

Baseline testing (No CASPR) was completed for three consecutive days of regular surgical

occupancy to allow for adequate data collection in case of random daily variation or

contamination of the testing sites. The rooms were used by oral surgery staff and residents

throughout the day for procedures such as wisdom tooth removal, dental implant

placement, and other dentoalveolar surgeries. Surface testing was performed after the

post-surgical cleaning of the last surgery of each day, but prior to the regular over-night

cleaning of the building, which includes the surgical rooms. Cleaning involved routine
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wiping down of surfaces and chairs with disinfectant after every patient and procedure. At

the end of the day, floors are vacuumed, and surfaces are once again disinfected. Settling

plates were placed at the time of surface testing and collected 24 hours later. After

baseline testing, the APC units were placed in the operatories and set to HIGH mode with

a room size indication on the display of the unit of 250 ft2 and a fan speed of 50%. HIGH

mode produces trace amounts of ozone. The units were operated on this setting for two

days, over the weekend, to saturate the testing environment. After 48 hours, the units were

switched to normal PCO (non-ozone producing) mode, with a fan speed of 67%. The units

ran in this mode for the remainder of the testing. Follow-up testing (CASPR) was

performed in the same manner as the baseline testing (No CASPR) two weeks after the

start of baseline testing, also for three consecutive days of regular surgical occupancy. As

during baseline testing, on the days of follow-up testing oral surgery staff and residents

used the rooms throughout the day for typical dentoalveolar surgeries.  

All 60 sponge test samples and 36 agar settling plates were sent to an accredited third-

party microbiological laboratory for incubation and evaluation (Eurofins, Desoto, TX). The

results were reported as a measurement of the total number aerobic bacterial colony

forming units (CFUs). Individual bacterial strains were not differentiated or determined.  

Surface Testing 

Using the guidelines described above for set-up, site selection and schedule, five samples

were collected on each of the collection days in each surgical bay (Table 1). Sampling was

completed in a grid to ensure that the different sampling areas did not overlap (Table 1,

Figure 3). Sponge environmental surface samples were collected using 3M cellulose

sponges in accordance with NIOSH guidelines.27 Due to the limited space, surface

swabbing area was reduced to 21 cm2 to avoid overlap in samples. Samples were taken at

a similar time (about 5 PM local time) each day for consistency. Processing of samples

was performed using sponge AOAC 966.23 methods.28 Two negative controls were also

collected to evaluate the quality/validity of the results. One such control was obtained by

wiping the surface with a disinfecting wipe, then sampling. The other, by measuring CFU

units of a sponge not exposed to any surfaces.

 



4/27/2021 Photocatalytic Oxidizers as a Novel Device for Bacterial Reduction in Dental Surgical Bays – Dr. Margaret Scarlett and colleagues

https://pages.ada.org/en/covidmonograph/photocatalytic-oxidizers-as-a-novel-device-for-bacterial-reduction-in-dental-surgical-bays-dr.-margaret-scarlett-and-collea… 8/18

Summary of surface testing.  

Sampling was performed concurrently in each surgical bay with surface sponge testing. 

Figure 3: Grid visual of surface sponge testing on medical cart. Surface area: 28 cm x 46

cm. Measurement dates are indicated under Table 1. 

Air Sampling 

Using the guidelines described above for set-up, site selection and schedule, air sampling

was performed in each of the surgical rooms using passive air sampling methods
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established by the EPA.29 Three standard methods agar settling plates were collected per

operatory during each collection day (Table 2). A control negative was also sent in for each

sampling period to evaluate the quality/validity of the results by measuring CFU units for

sedimentation plates not exposed to the air. Processing of samples was performed using

BAM Chapter 3 methods.30

Summary of air testing (per surgical bay).

Hydrogen peroxide (H2O2) and ozone (O3) levels were monitored during testing using

Dräger gas monitoring tubes (0.1-3 ppm Hydrogen Peroxide Dräger tube and 0.05-1.4 ppm

Ozone Dräger tube, Dräger) to ensure proper use of APC units and safety of healthcare

personnel and patients.  

Results 

Surfaces 

As described above, surfaces were tested using sponge environmental testing methods.

The data from sponge surface testing between each day and each surgical bay was

compared within each group (No CASPR or CASPR) using a pairwise Wilcoxon rank sum

test. No significant difference was found between test days or locations of the same group.

For this reason, data was pooled between each of the three test days, and two operatories,

before operating the APC unit (No CASPR) and the three days after the APC unit was

turned on (CASPR). Results yielded an average (mean) of 273 CFUs (n = 30; 95%

confidence interval, 17 to 529) before operating the APC unit and an average (mean) of 65

CFUs (n = 30; 95% confidence interval, 35 to 95) while operating the APC unit (Figure 4),

giving an average reduction of 76%. The data did not follow assumptions of normality of

equality of variance, so a non-parametric Mann-Whitney U-test was performed yielding a

p-value of 0.0015. The negative controls were <10 CFUs, validating the quality of the

results. Subsequently, measurements less than 10 CFUs were counted as zero. Note that
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none of the outliers were removed since they are indicative of a real-life surface, and the

large range in bioburden that can exist in slightly different locations or times.  

Figure 4: Surface pathogen reduction measured in CFUs before and after operating PCO.

Here (A) shows all data points, where (B) is a scaled representation for easier viewing. 

Air Sampling 

Air sampling was completed as described above. One of the samples was damaged and

not included in the analysis. The data from the settling plates between each day and each

surgical bay was compared within each group (No CASPR or CASPR) using a pairwise

Wilcoxon rank sum test. No significant difference was found between test days or locations

of the same group. For this reason, data was pooled between the three test days, and two

operatories for each treatment group. Results yielded an average of 24 CFUs (n = 18; 95%

confidence interval, 15 to 33) before operating the APC unit and 10 CFUs (n = 17; 95%

confidence interval, 8 to 12) while operating the APC unit (Figure 5). This gave an average

reduction of 58%. The data did not follow assumptions of normality of equality of variance,

so a non-parametric Mann-Whitney U-test was performed yielding a p-value of 0.0012. The

negative controls showed <1 CFUs, validating the quality of testing.
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Figure 5: Air pathogen reduction measured in CFUs before and after operating PCO.

Results from Dräger tubes showed safe operating levels throughout the experiment.

Concentrations of 0.05 ppm O3 and <0.10 ppm H2O2 were measured for the first 48 hours

of operation. During this period, the room was unoccupied. The APC units ran on HIGH

mode, with a room size indication of 250 ft2, and the fan speed of 67%. Measurements

were taken in the center of the rooms (~2.0 m from units). After 48 hours, APC units were

set to normal PCO mode with the fan running at level 67%. Concentrations of 0.00 ppm

were measured for both O3 and H2O2 throughout this period of time (4 measurement

points over two weeks).  

Discussion 

The APC system showed a promising reduction in the bacterial burden in the air and on

surfaces, which may have implications for reducing risks for dental personnel and patients.

Sponge surface testing showed a 76% in measured CFUs, with a significance value of

p<0.01. This means that we can say with 99% confidence that there was a statistically

significant difference in the measured values. Conversely, data collected from the settling

plates yielded a 58% reduction in measured CFU values with p<0.01. Undetectable

concentrations of H2O2 and O3 in the normal non-ozone producing PCO mode, and

measured values of 0.05 ppm O3 and <0.10 ppm H2O2 for optional HIGH mode (when

unoccupied), provide evidence for the safe operations of the APC units in occupied

spaces.31-32 Although the levels of H2O2 and O3 are at almost undetectable

concentrations, results from this study provide evidence that they are still able to
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significantly reduce bioburden in air and on surfaces, most likely through an oxidative

membrane process previously described in other publications.22,23  

The recognition of the role of indoor air and aerosols on the transmission of SARS-CoV-2

was established by mid-2020, when it was shown that virus particles travel by air many

meters from a source patient.33-35 Respiratory droplets and aerosols from patients range

from 0.1 to 1000 µm36, and airflow, air currents and the movements of people in and out of

the operatory may carry aerosols long distances from the site of a dental procedure. All of

these may impact the trajectory of particles within the air.37 Various parameters affect

aerosol movement, including initial velocity and Stokes law. The fact that handpieces

operate at 200000 rpms for electric models, or 400000 rpm for air turbine models, means

that the initial velocity and acceleration of any virus particles is quite high.  

Complex airflow dynamics, turbulence, evaporation and settling impact indoor air quality

when performing AGDPs on patients.38 Generally, ventilation is believed to be a key factor

in mitigating safety, in that improved ventilation helps in dilution of airborne particles.

Ventilation with room air exchange of 14 for the study site in this oral surgery clinic is

believed to be much higher than most dental offices. Physical characteristics of dental

offices which influence ventilation patterns highly variable, as offices are often in converted

homes, or in commercial buildings not originally designed as health care facilities. The

room air exchange rates in this study are likely to be far higher than in most dental

facilities. Additional research is needed to assess additional benefits of this system on air

cleansing in less-than-optimal ventilation systems and within a variety of dental offices.  

The test results evidence a significant reduction in the bacterial burden in the air and on

surfaces following the utilization of the APC system in oral surgery operatories, indicating a

further reduced risk for the dental professionals, patients and bystanders. Optimizing

engineering controls after aerosol-generating procedures is recommended in current CDC

guidance for dental settings. In addition to HEPA filtration, this system may be considered

as an adjunct air cleansing method after achieving proper ventilation and filtration.12 

Conclusion 

The results of this study indicate that the implementation of the CASPR Compact APC air

purification technology can improve indoor air quality and a higher surface disinfection rate

through continuously de-densifying the pathogenic burden in the air and on surfaces.  
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