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Preface 
This report was prepared at MRIGlobal (MRIGlobal) for the work performed under MRIGlobal 
Task No. 311723.01.001, “Effectiveness of CerroZone Technology in the Destruction of 
Aerosolized SARS-CoV-2.”  

Test materials were supplied to MRIGlobal by CerroZone, LLC., for the conduct of the program. 
CerroZone, LLC., is part of Marmon Holdings, Inc., a Berkshire Hathaway company. The patent 
– pending system was developed in conjunction with Micron Pure™, a Hecto Group™ company.  

The experimental phase of this task was initiated by MRIGlobal on February 04, 2021 and ended 
on February 10, 2021. 

The Study Director of the program was Rick Tuttle. Execution of the study was assisted by 
Kristen Solocinski, Ph.D., Sam Humphries, and managed by William Sosna.  

Although this study did not require compliance with the FDA Good Laboratory Practice 
Regulations (21 CFR 58), the studies were performed in compliance with MRIGlobal QA 
procedures. All operations pertaining to this study, unless specifically defined in this protocol, 
were performed according to the Standard Operating Procedures of MRIGlobal or approved 
laboratory procedures, and any deviations were documented. 

 Sincerely, 
 

MRIGLOBAL 
 
 
 

Rick Tuttle 
Study Director 

 
Approved by: 
 
 
 
Claire R. Croutch, Ph.D. 
Division Director 
Medical Countermeasures 
 
February 24, 2021 
  



 
 

MRIGlobal-HCG\311723-01-001_R iii 

Contents 
Preface............................................................................................................................................. ii 
Section 1. Objective ........................................................................................................................1 

Section 2. Sponsor, Testing Laboratory, and Personnel Responsibilities.......................................2 
2.1 Sponsor ..................................................................................................................2 
2.2 Sponsor’s Representative ......................................................................................2 
2.3 Testing Laboratories ..............................................................................................2 
2.4 Personnel Responsibilities .....................................................................................2 

Section 3. Test Systems and Methods.............................................................................................3 
3.1 Equipment .............................................................................................................3 
3.2 Methods .................................................................................................................3 

Section 4. Sample Analysis and Results .........................................................................................6 

Section 5. Quality Assurance ........................................................................................................10 
5.1 Standard Operating Procedures ...........................................................................10 

Section 6. Location of Study Data ................................................................................................11 

Section 7. Quality Assurance ........................................................................................................12 
7.1 Type of Study ......................................................................................................12 

Section 8. Location of Study Data ................................................................................................13 

Figures 
Figure 1. SARS-CoV-2 Aerosol Test System ...............................................................................4 
Figure 2. Reed & Muench Calculator Example ............................................................................7 
Figure 3. SARS-CoV-2 Aerosol Particle Size Distribution ..........................................................8 
Figure 4. Test Device Ozone, Temperature, and Humidity Level Plot .........................................9 

Tables 
Table 1. CerroZone™ SARS-CoV-2 Aerosol Deactivation Efficacy Test Matrix .......................5 
Table 2. CerroZone™ SARS-CoV-2 Aerosol Deactivation Efficacy Test Results ......................7 
 



 
 

MRIGlobal-HCG\311723-01-001_R 1 

Section 1.  
Objective 
The emergent threat of COVID-19 infection originating from SARS-CoV-2 and the high rate of 
transmission with associated severe illness and fatalities, has created a needed response for rapid 
development and evaluation of effective countermeasures. In response to Client’s request 
(CerroZone, LLC), MRIGlobal conducted testing and evaluation of a novel bio-aerosol 
decontamination product (CerroZone™). The CerroZone™ system, referred to as “Test Device” in 
this report, is a prototype scaled down version of a device designed for large area bio-aerosol 
decontamination. The scaled version facilitated evaluation testing of the device in the 
deactivation of the highly transmittable human pathogen SARS-CoV-2 (Washington Isolate 
Strain) in laboratory trials at MRIGlobal. The Test Device incorporates an inline flow-through 
design that destroys potential biological aerosols in a single pass flow-through mode. The Test 
Device consists of a variable concentration rate ozone generation chamber with a series of two 
chambers for the catalytic decomposition of generated ozone upon exiting the device.  
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Section 2.  
Sponsor, Testing Laboratory, and Personnel Responsibilities 
2.1 Sponsor 
CerroZone, LLC. 
c/o Marmon Holdings, Inc. 
181 W Madison St, Suite 2600 
Chicago, IL 60602 

2.2 Sponsor’s Representative 
Michael Duggan 
President 
CerroZone, LLC. 

2.3 Testing Laboratories 
MRIGlobal 
425 Volker Boulevard 
Kansas City, MO 64110 
Phone: (816) 753-7600 
Fax: (816) 753-8823 

2.4 Personnel Responsibilities 
 Study Director—MRIGlobal 

Rick Tuttle 
Phone: (816) 753-7600, ext. 5752 
Email: rtuttle@mriglobal.org  
  

file://mriglobal/kcshares/DPS/MCM/311628/rtuttle@mriglobal.org
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Section 3.  
Test Systems and Methods 
3.1 Equipment 

 Test Equipment 
1. CerroZone™ system  
2. Stainless steel sanitary fittings  
3. Sierra mass flow meters and controllers  
4. Collison 6 jet nebulizer 
5. AGI – 30 Impingers 
6. APS 3321 Particle Sizer 
7. Gast Vacuum pumps 

3.2 Methods 
 Testing Description 

MRIGlobal conducted testing to evaluate the efficacy of a CerroZone™ air purification system 
“Test Device” in log reduction deactivation of aerosolized SARS-CoV-2. All testing was 
conducted in a Biological Class 3 safety cabinet in a high containment Biosafety Level 3 (BSL-
3) laboratory at MRIGlobal. Preliminary device aerosol test trials were conducted to evaluate the 
aerosol characteristics of SARS-CoV-2. Viable aerosol dissemination efficiency, viable viral 
collection and particle size distribution characteristics were assessed. This preliminary testing 
was conducted to evaluate the aerosol concentration delivery and collection characteristics to 
provide a minimal viral challenge to achieve a 3 log or greater viral deactivation range for 
evaluating the Test Device. An aerosol delivery system was fabricated at ARELabs (Olathe, KS) 
and transferred to MRIGlobal for bridging previously conducted non – pathogenic virus testing 
with SARS-CoV-2 testing. The test system consists of an aerosol flow tube with nebulizer 
adaptation, aerosol dilution supply air regulation and control, exhaust flow regulation, system 
pressure monitoring, and aerosol samplers. For SARS-CoV-2 aerosol dissemination, a Collison 6 
jet nebulizer was utilized. System flow rates were monitored using calibrated digital mass flow 
meters and controllers with HEPA filter conditioned supply air. A diagram of the system is 
shown in Figure 1. 
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Figure 1. SARS-CoV-2 Aerosol Test System  

Outside components of the test system were routed through a bulkhead panel on the glovebox 
with purified air flow introduced through a series of one-way (check) valves and redundant 
HEPA filters attached in series. The Test Device consisted of three (3) units that included an 
ozone generation chamber for the deactivation of viable viral aerosol challenges and two (2) 
ozone catalyst chambers for the decomposition of generated ozone before exhausting from the 
system. The ozone generator and catalyst chambers have dimensions of approximately 
9” × 9” × 5” and were connected with stainless steel sanitary flow tube and cam lock connections 
and to the aerosol delivery and exhaust sections of the test system.  

Aerosol tests were conducted with a standardized flow supply rate for all conducted tests with 
aerosol samples taken simultaneously at upstream and downstream locations of the Test Device. 
AGI – 30 impingers (Ace Glass Inc. Vineland, NJ) were used for aerosol collection at a 
controlled flowrate of 12.5 L/min for the entirety of each test. Collected upstream and 
downstream impinger samples were analyzed via host cell assay for viral propagation, 
enumeration and calculation of the Test Device efficacy in deactivating SARS-CoV-2 aerosol. A 
test matrix with the conducted tests and operation parameters is shown in Table 1. 
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Table 1. CerroZone™ SARS-CoV-2 Aerosol Deactivation Efficacy Test Matrix 

 

Bio-aerosol challenge flows were maintained at 32.5 L/min for all conducted tests, with the 
differential pressure of introduced and exhaust flows equilibrated to maintain ambient pressure 
conditions for all tests. Aerosol challenges provided 12.5 liters of the aerosol challenge sampled 
upstream, and 20 liters of challenge aerosol delivered to the Test Device. Additional flow 
distribution included 12.5 liters of Test Device exposed aerosol sampled downstream of the Test 
Device, with the remaining 7.5 liters of excess aerosol exhausted through a HEPA filtration 
system. The total displacement volume of the Test Device is 4.5 liters which equates to an 
effective aerosol residence time within the exposure zone of less than 14 seconds. 
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Section 4.  
Sample Analysis and Results 
Sterile techniques for all sample handling, processing and plating were followed. Stock virus 
used for aerosol testing (SARS-CoV-2, strain USA-WA1/2020) were concentration tittered by 
serial dilution to obtain the 50% tissue culture infectious dose (TCID50). This was conducted to 
ensure that sufficient quantities of virus were available for testing. Untreated virus control 
concentrations were assessed to ensure that titers remained consistent. For cell and virus cultures, 
sterile DMEM/F12 (Gibco) supplemented with 5% fetal bovine serum (HyClone), and penicillin-
streptomycin-neomycin antibiotic mixture (Gibco) were utilized. Vero E6 cells (monkey kidney 
cells) that were originally obtained from ATCC (CRL-1586) were used for assays with ASFV. 
All cells were maintained at 36°-38°C and 5% CO2 in a humidified atmosphere, and cells were 
seeded into flasks for propagation and expanded into 96 well plates for titration of SARS-CoV-2 
virus.  

The AGI-30 impinger sampler located upstream of the Test device was utilized as a reference 
(control) sampler for viral aerosol challenge collection and concentration measurement for each 
test. The downstream AGI-30 impinger sampler was utilized for the collection of ozone and 
catalyst chamber exposed virus and calculation of the viable virus deactivation of the Test 
Device. The aerosol sample impingers were operated simultaneously during the entirety of each 
test. All tests were conducted for a period of ten minutes with in triplicate testing at each of three 
(3) ozone production levels. Additionally, a series of triplicate tests were conducted with the Test 
Device ozone production non – operational. At the conclusion of each test, AGI Impinger test 
samples were poured into labeled sterile 50ml labeled conical tubes, and transported to a 
dedicated Class 2 biological safety cabinet for assay of viable viral analysis. 

Assay plate host cells were infected with collected impinger viral samples at 70% confluence and 
observed for the presence of cytopathic effect (CPE) for four (4) to five (5) days post-infection. 
A 10× serial dilution of coupon sample viral extractions were applied to cell assay plates at up to 
an 8 log dilution factor for the presence of viral growth into the plate host cells. Plates were 
inoculated with 5 replicate samples at each dilution level, with each row of replicates 10 × more 
dilute than that used in the preceding row for viral cell infectivity detection. Viral propagation 
plate readings were conducted under high intensity magnification of each plate cell for viral host 
cell infectivity and recorded on a sample test log for positive (+) or negative (-) viral 
propagation. Data was entered into a Reed & Muench calculation for sample concentration 
measurement and determination of the TCID50 (50% tissue culture infectious dose of virus). A 
table showing an example of the Reed & Muench calculator is shown in Table 2. 

  



 
 

MRIGlobal-HCG\311723-01-001_R 7 

 
Figure 2. Reed & Muench Calculator Example 

Approximately 120 mL of working stock SARS-CoV-2 virus was propagated for the study at a 
concentration of 3.16 × 106 TCID50 units per mL. For each conducted test, the Collison 6 jet 
nebulizer was filled with a fresh aliquot containing 8 mL of stock virus. Upstream and 
downstream aerosol impinger samplers were filled with 20 mL of DMEM for the collection of 
upstream challenge, and downstream Test Device exposed viral aerosols. Test results showing 
the comparison of upstream and downstream impinger samples for each conducted test, and the 
log reduction efficacy of the Test Device against SARS-CoV-2 aerosols is shown in Table 3.  

Table 2. CerroZone™ SARS-CoV-2 Aerosol Deactivation Efficacy Test Results 

 

Reed & Muench Calculator Created November 20, 2004 by Brett D. Lindenbach, PhD
Modified June 2011 to incorporate suggestions from Stefan J. Halbherr, PhD

1. Enter the starting dilution initial dilution: 0.1
2. Enter the dilution factor dilution factor: 10
3. Enter the volume tested per well ml: 0.1

A B C D E F G H
    This is your calculated dilution series: 1.00E-01 1.00E-02 1.00E-03 1.00E-04 1.00E-05 1.00E-06 1.00E-07 1.00E-08
4. Enter the total # of wells examined per dilution total wells: 5 5 5 5 5 5 5 5
5. Enter the # of positive wells for each dilution positive wells: 5 3 0 1 0 0 1 0
    These values are calculated automatically: negative wells: 0 2 5 4 5 5 4 5

cum pos: 10 5 2 2 1 1 1 0
cum neg: 0 2 7 11 16 21 25 30

% infected: 100.00 71.43 22.22 15.38 5.88 4.55 3.85 0.00

prop dist: 0 0.43548387 -4.0625 -3.642857 -33 -65 -12 0
6. This is your TCID50 TCID50:  540.871009       
7. This is your TCID50/ml TCID50/ml:  0.01848870       
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(mg/m3) Test Number
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SARS-CoV-2 
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Log10 
TCID50/mL

Average 
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Average Log10 
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Log Viral 
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Percent Viral 
Log Reduction

1 4.22E+03 3.63
2 4.81E+04 4.68
3 4.81E+04 4.68
1 6.81E+01 1.83
2 3.16E+01 1.50
3 6.81E+01 1.83
1 1.00E+04 4.00
2 6.81E+04 4.83
3 4.22E+04 4.63
1 3.16E+01 1.50
2 2.37E+01 1.38
3 2.08E+01 1.32
1 3.16E+04 4.50
2 4.81E+04 4.68
3 3.16E+04 4.50
1 3.60E+00 0.56
2 1.47E+01 1.17
3 1.67E+01 1.22
1 3.16E+03 3.50
2 1.47E+04 4.17
3 2.37E+04 4.38
1 3.60E+00 0.56
2 3.60E+00 0.56
3 4.20E+00 0.62

1.39E+04 4.01

3.80E+00 0.58

3.71E+04 4.56

1.17E+01 0.98

2.61 99.753%
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An Aerodynamic Particle Sizer (APS) model 3321 (TSI Inc) was used to sample aerosol 
challenges during pre-study characterization and conduct of the study. The APS is an 
aerodynamic time of flight particle measurement instrument that provides accurate particle size 
analysis. The APS has a dynamic particle size measurement range of 0.3 to 20 µm, and provides 
mass median aerodynamic diameter (MMAD), Geometric Standard Deviation (GSD), total 
aerosol mass (mg/cc), and aerosol particle counts (#/cc). A plot of a representative SARS-CoV-2 
aerosol challenge size distribution is shown in Figure 2. 

 
Figure 3. SARS-CoV-2 Aerosol Particle Size Distribution  

The particle size analysis shows a three point distribution derived from APS 3321 particle sizer 
raw data with denoted particle sizes at the 15.87, 50.0, and 84.14 percent aerosol mass points. 
The Mass Median Aerodynamic Diameter (MMAD) is shown to be 3.58µm with a Geometric 
Standard Deviation (GSD) of 1.91, which reflects a majority of mass within the respirable size 
range, and a unimodal aerosol particle distribution.  

The ozone generation chamber of the Test Device is equipped with ozone concentration level 
control and digital display with a potentiometer for setting the desired ozone mass production 
rate in mg/m3. For each of the conducted tests listed in Table 2, omitting the initial test without 
the Test Unit operational, the ozone production, internal temperature, and humidity levels were 
logged in real time. Data files were logged to a dedicated laptop computer with an Eco Sensor 
model DL-SC3 ozone concentration analyzer at a rate of every 10 seconds during testing. The 
averaged ozone levels logged for each of the in triplicate tests at each of three (3) tested ozone 
levels in parts per million (ppm), and temperature and humidity readings are shown in Figure 3.  
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NOTE: The Eco Sensor dynamic measurement range is 0 – 55ppm. Values listed for 1000 mg/m3 ozone generation 
tests are maximum detectable values. 

Figure 4. Test Device Ozone, Temperature, and Humidity Level Plot  

Discussion 
Testing conducted at MRIGlobal show that the CerroZone™ (Test Device) had a high level of 
aerosol viable virus reduction of over 99.75% for all conducted tests (maximum reduction of 
99.974% for the 500 mg/m3 test) with a flow through residence time of less than 14 seconds 
within the Test Device. In  Table 2, the device showed that an ozone level increase from 
250 mg/m3 to 500 mg/m3 resulted in a slight increase in efficacy for viable viral reduction with 
the 500 and 1000 mg/m3 ozone production levels showing similar results. Figure 2, shows a 
representative challenge particle size distribution with aerosol production in the respirable mass 
range for testing. Figure 3 shows ozone production levels for the 250, and 500 mg/m3 ozone tests 
to be very stable over each conducted test, with the 1000 mg/m3 test producing ozone levels 
exceeding the Eco Sensor detection range. There was a slight increase in internal temperature 
production in relation to an increases of ozone production levels showing approximate averaged 
readings of 25, 27, and 29°C for the 250, 500, and 1000 mg/m3 operation levels respectively. 
Relative humidity ranges were fairly consistent in the range of 35 to 44% for all tests.  
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Section 5.  
Quality Assurance 
This non-GLP study was executed according to the protocol (as amended) and using established 
SOPs, at MRIGlobal in Kansas City, MO that is fully qualified to conduct GLP studies; and all 
procedures utilized were technically valid. This study was not audited by the MRIGlobal Quality 
Assurance Department. Portions of the study conducted at MRIGlobal were performed according 
to MRIGlobal Standard Operating Procedures and/or laboratory procedures. 

5.1 Standard Operating Procedures 
The study was performed according to the relevant standard operating procedures and/or 
laboratory procedures of MRIGlobal. 
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Section 6.  
Location of Study Data 
Exact copies of all raw data, correspondence, records, final protocol, amendments, and 
deviations, and any other study documentation necessary for reconstruction of the study will be 
archived at MRIGlobal. All raw data (including original study records, data sheets, work sheets, 
and computer printouts) will be archived by MRIGlobal.  
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Section 7.  
Quality Assurance 
7.1 Type of Study 
This study was executed according to established SOPs, and methods at MRIGlobal in Kansas 
City, MO. All procedures utilized were technically valid. Study procedures, data entry and 
calculations were internally audited and reviewed for quality assurance. 
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Section 8.  
Location of Study Data 
Exact copies of all raw data, correspondence, records, final protocol, amendments, and 
deviations, and any other study documentation necessary for reconstruction of the study will be 
archived at MRIGlobal. All raw data (including original study records, data sheets, work sheets, 
and computer printouts) will be archived by MRIGlobal. 
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