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TEST SUBSTANCE CHARACTERIZATION 
 
Test Substance characterization as to the identity, strength, purity, solubility and composition, as 
applicable, according to 40 CFR, Part 160, Subpart F [160.105] was documented prior to its use 
in the study.  The Test Substance Certificate of Analysis Reports, provided by the sponsor, are 
found in Appendix I. 

 
TEST SUMMARY 

 
Study Title: Virucidal Hard Surface Efficacy Test for a UV Device - Severe Acute 

Respiratory Syndrome-Related Coronavirus 2 (SARS-CoV-2) (COVID-19 
Virus) 

  
Project No.:  1035-101 
 
Protocol No.:  STR.1.07.13.20 
 
Test Method: ASTM International E1053-11 “Standard Test Method to Assess Virucidal 

Activity of Chemicals Intended for Disinfection of Inanimate, Nonporous 
Environmental Surfaces” 

 
Sponsor: STR-Solution Co, Ltd. 

23, Cheondeoksan-ro, Namsa-myeon, Cheoin-gu 
Yongin-si, Gyeonggi-clo, 17118 
Republic of Korea 

 
Testing Facility: Microbac Laboratories, Inc. 
   105 Carpenter Drive 
   Sterling, VA 20164 
 
Study Objective: This test was performed in order to substantiate virucidal efficacy claims 

for a test substance to be labeled as a virucide by determining the potential 
of the test substance to disinfect hard surfaces contaminated with SARS-
CoV-2. This test was designed to simulate consumer use and was 
performed in conformance to EPA OCSPP 810.2000 (2018) and 810.2200 
(2018) Product Performance Test Guidelines, Frequent Questions for the 
2018 Series 810 – Product Performance Test Guidelines: Antimicrobial 
Efficacy Test Guidelines, as well as the Health Canada “Guidance 
Document – Safety and Efficacy Requirements for Hard Surface 
Disinfectant Drugs” (January 2014). 

 
Study Dates: Study Initiation: 09/11/20 
   Experimental Start: 09/11/20 
   Experimental End: 09/17/20 
   Study Completion: See page 1 
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TEST SUMMARY (continued) 
 
Test Substance:  

• STR-Solution (Device), Lot No.: N/A, Received: 06/26/20, and 
assigned DS No. K896 

• Physical Description: Device 
• Storage Condition: Ambient 
• Active Ingredients: N/A 

 
Test Conditions:  Organic Soil Load: 5.0% Fetal Bovine Serum (FBS)  
    Contact Times:  1 hour, 2 hours, 4 hours 
    Contact Temperature: 21°C  
    Contact Relative Humidity: 45-48%  
 
Challenge Virus: Severe Acute Respiratory Syndrome-Related Coronavirus 2 

(SARS-CoV-2) (COVID-19 Virus) 
• Strain: USA-WA1/2020   
• Source: BEI Resources, NR-52281 

 
Indicator Cells:  Vero E6 cells 

• Source: ATCC CRL-1586 
 
Incubation Time:  4 – 9 days (Actual: 6 days) 
 
Incubation Temperature: 36 ± 2°C with 5 ± 3% CO2 
 
Dilution Medium (DM):  Minimum Essential Medium (MEM) + 2% Newborn Calf Serum 

(NCS) 
 
Recovery Medium:  MEM + 10% Newborn Calf Serum (NCS)  
 
Study Design: This study was performed according to the signed protocol and 

project sheet(s) issued by the Study Director (see Appendix I). 
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TEST PROCEDURES 
 

Indicator Cells: 
 
Vero E6 cells were obtained from ATCC and maintained in cell culture at 36 ± 2°C with 5 ± 3% 
CO2 prior to seeding. The indicator cell plates were prepared 12 – 30 hours prior to inoculation 
with test sample. The cells were seeded in 96-well plates at a density of 8 x 104 cells/mL at 0.150 
mL per well.  
 
Virus Inoculum: 
 
The stock virus was propagated in Vero E6, the cell supernatant was clarified, aliquoted, and 
stored at -60 to -90°C. Frozen viral stock was thawed on the day of the test.  
 
Challenge Virus: 
 
Original stock virus contained a 5.0% organic load (FBS). 
 
Test Substance: 
 
The test device was placed 1-2 m away from the prepared test carriers.  
 
Test Carriers: 
 
Glass Petri dish carriers were inoculated with 0.2 mL of virus inoculum spread with a cell scraper 
over a 4 in2 area. The virus was dried for 23 minutes at 21°C with 53-64% Relative Humidity (RH). 
Fifteen carriers were prepared for each contact time using virus. Fifteen carriers were prepared 
for the virus recovery control using virus. Additionally, one carrier was prepared for the cytotoxicity 
controls using dilution media in lieu of virus as the inoculum.    
 
Test Substance Application and Exposure Conditions: 
 
Three carriers per contact time were evaluated. The carriers were placed about 60 cm above the 
surface with the device placed 1-2 m away from the carriers.  The device remained on and focused 
on the carriers at the temperature and for the time specified by the sponsor. The test substance 
was tested at 21°C with 45-48% RH.  
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TEST PROCEDURES (continued) 
 
Recovery of Samples: 
 
After the contact times, the samples were recovered with 2.0 mL of recovery medium. The carriers 
were scraped with a cell scraper to remove residual virus. This post-neutralized sample (PNS) 
was considered the 10-1 dilution. An aliquot of the PNS was ten-fold serially diluted in DM. 
 
Selected dilutions were inoculated onto 96-well host cell plates at 0.05 mL per well, 8 wells per 
dilution.  The inoculated cells were incubated at 36 ± 2°C with 5 ± 3% CO2 for 6 days.  
 
Infectivity Assay: 

 
The residual infectious virus in both test and controls was detected by viral-induced cytopathic 
effect (CPE). CPE is defined as cell rounding and sloughing off of the cell monolayer. After 6 days 
of incubation at 36 ± 2°C with 5 ± 3% the plates were removed, scored, and recorded for test-
substance specific cytotoxic effects and/or virus-specific cytopathic effect (CPE).           
 
Cytotoxicity Control (CT): 
 
This control was performed to assess the cytotoxic effects of the test substance on indicator cells. 
The CT was prepared identically to the test sample except DM was used in lieu of virus inoculum 
to inoculate the carrier. After test substance application and neutralization, the PNS was serially 
diluted and selected dilutions were inoculated onto indicator cells plates and incubated in an 
identical manner as the test sample. 
 
Plate Recovery Control (PRC): 
 
This control was performed to establish the input viral load to compare with the test substance 
results to evaluate the viral reduction by the test substance. The PRC was prepared identically to 
the test sample except no treatment was done to the dried virus inoculum before either being 
immediately recovered or being held for the longest contact time. Selected dilutions were 
inoculated onto indicator cell plates and incubated in an identical manner as the test samples. 
 
Cell Viability Control (CVC): 
 
This control was performed to demonstrate that the indicator host cells remained viable and to 
confirm the sterility of the media employed throughout the incubation period. 1.0 mL of DM was 
added to 4 wells of indicator cells and incubated in an identical manner as the test samples. 
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TEST PROCEDURES (continued) 
 
Virus Stock Titer Control (VST): 
 
This control was performed to demonstrate that the titer of the stock virus was appropriate for use 
and that the viral infectivity assay was performed appropriately. An aliquot of the virus inoculum 
used in the study was ten-fold serially diluted in DM. Selected dilutions were inoculated onto 
indicator cell plates and incubated in an identical manner as the test samples. 
 

PROTOCOL CHANGES 
 
Protocol Amendments:  
 

1. The miscellaneous information section of the protocol does not include the test 
substance’s lot number or active ingredient.  Per Sponsor email the active 
ingredient is positive / negative Radical ions and the lot number is N/A.  This 
amendment serves to include the active ingredient and lot number of the test 
substance to the miscellaneous information section of the protocol. 
 

Protocol Deviations:  
 
No protocol deviations occurred during this study. 
 

STUDY DATES AND FACILITIES 
 
The laboratory phase of this test was performed at Microbac Laboratories, Inc., 105 Carpenter 
Drive, Sterling, VA 20164, from 09/11/20 to 09/17/20. The study director signed the protocol on 
09/11/20. The study completion date is the date the study director signed the final report. The 
individual test dates are as follows: 
 

• Testing started at 1:03 pm on 09/11/20 and ended at 3:47 pm on 09/17/20. 
 
All changes or revisions of the protocol were documented, signed by the study director, dated and 
maintained with the protocol. 
 

RECORDS TO BE MAINTAINED 
 

All testing data, protocol, protocol modifications, test substance records, the final report, and 
correspondence between Microbac and the sponsor will be stored in the archives at Microbac 
Laboratories, Inc., 105 Carpenter Drive, Sterling, VA 20164, or at a controlled facility off site. 
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TEST ACCEPTANCE CRITERIA 
 
The test was considered acceptable for test substance evaluation due to the criteria below being 
satisfied: 

• The average viral load recovered from the Initial PRC must be ≥ 4.0-log10  
• Viral-induced cytopathic effect must be distinguishable from test substance-induced 

cytotoxic effects (if any). 
Cell viability control and cytotoxicity control must be negative for infectivity. 
 

CALCULATIONS 
 
Titer Calculation: 
 
The 50% Tissue Culture Infectious Dose per mL (TCID50/mL) was determined using the 
Spearman-Karber method using the following formula: 
 

∑−





+= ik pddxm

2  
 

where: m =  the logarithm of the dilution at which half of the wells are infected relative to the  
  test volume 
 xk =  the logarithm of the smallest dosage which induces infection in all cultures 
 d =  the logarithm of the dilution factor 
 pi =  the proportion of positive results at dilution i 
 ∑pi =  the sum of pi (starting with the highest dilution producing 100% infection) 
 
The values were converted to TCID50/mL using a sample inoculum of 0.05 mL. 
 
Viral Load Calculation: 
 
Virus Load (Log10 TCID50) per carrier = Virus Titer (Log10 TCID50/mL) + Log10 [volume per 
sample (mL)] 
 
Viral Reduction Calculation: 
 
Log10 Reduction = Initial Viral Load (Log10 TCID50*) – Output Viral Load (Log10 TCID50*) 
* per assayed volume and per carrier 
 
The percentage of virus inactivation was calculated in the following manner: 
 
[1-Output Viral Load / Initial Viral Load] x 100 = 1-10^ (Log10Reduction Factor) x 100 
 

 



Final Report: Virucidal Efficacy Hard-Surface Test for STR-solution, A Space 
Sterilization Purifier Ionizer Device - per ASTM E1053 - Severe Acute 
Respiratory Syndrome-Related Coronavirus 2 (SARS-CoV-2) (COVID-19 Virus) 

Project No. 1035-101  
Protocol No. STR.1.07.13.20  

  

 
                                    Page 11 of 14 

RESULTS 
 
Results are presented in Tables 1 – 3. 

 
Table 1 

Titer Results 

 
 
 
 
 
 
 
 

Cell viability/media sterility control

Virus Stock Titer Control 6.93 -

Theoretical load a 6.23

1 6.18 0.2 5.48
2 6.43 0.2 5.73
3 6.43 0.2 5.73

Average 5.65
1 6.05 0.2 5.35
2 6.05 0.2 5.35
3 5.68 0.2 4.98

Average 5.23

1 5.68 0.2 4.98

2 5.80 0.2 5.10

3 5.55 0.2 4.85

1 5.43 0.2 4.73

2 5.18 0.2 4.48

3 5.30 0.2 4.60

1 5.18 0.2 4.48

2 4.80 0.2 4.10

3 4.80 0.2 4.10
a   The theoretical load is determined based on the Virus Stock Titer control and the volume of virus challenged per carrier.
NA = Not applicable

no virus detected, cells viable; media sterile

1 hour

Sample Contact 
time

Titer        
(Log10TCID50/mL)

Volume 
(mL)

Viral Load             
(Log10TCID50)

2 hours

4 hours

 Initial Plate Recovery Control                          
(T = 0 hours)

Final Plate Recovery Control                           
(T = 4 hours)

Replicate

NA

STR-Solution (Device)

4 hours

0 hours
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RESULTS (continued) 
 

Table 2 
Cytotoxicity Controls 

 
 

Table 3 
Viral Reduction 

 
 
 
 
 
 
 
 

10-1

10-2

10-3

Cytotoxicity
Control        

no cytotoxicity observed in 4 out of 4 wells

no cytotoxicity observed in 4 out of 4 wells

no cytotoxicity observed in 4 out of 4 wells

Dilution of the 
Neutralized Sample

Test Agent Contact 
Time

Replicate 
Number

Percent 
Reduction

1 4.98 0.67 78.62%

2 5.10 0.55 71.82%

3 4.85 0.80 84.15%

0.67 78.62%

1 4.73 0.92 87.98%

2 4.48 1.17 93.24%

3 4.60 1.05 91.09%

1.05 91.09%

1 4.48 1.17 93.24%

2 4.10 1.55 97.18%

3 4.10 1.55 97.18%

1.42 96.20%

* Results represent the average of three replicates.

Log10 

Reduction 

1 hour

STR-Solution 
(Device) 2 hours

5.65

Initial Viral Load*      
(Log10TCID50)

Output Viral Load       
(Log10TCID50)

Mean Reduction

5.65

Mean Reduction

4 hours
5.65

Mean Reduction
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CONCLUSIONS 
 
When tested as described STR-Solution (Device), demonstrated the viral reductions shown in 
Table 3 when Severe Acute Respiratory Syndrome-Related Coronavirus 2 (SARS-CoV-2) 
(COVID-19 Virus), containing 5% Fetal Bovine Serum, was exposed to the test substance for 1, 
2 or 4 hours at 21°C and 45-48% RH.  
 
All controls met the criteria for a valid test. These conclusions are based on observed data. 
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