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INTRODUCTION 
 

On June 24th, 2023, the new ASHRAE 241-2023 guidelines 
were released to establish a more uniform testing protocol for 
all air purification devices. The protocol standardizes the safety 
testing for in-duct and standalone devices. This report presents 
the safety testing results for the CASPR Medik X tested per 
ASHRAE 241 guidance document requirements.  

 
The ASHRAE standard includes guidelines for particulate, 

ozone, formaldehyde, and noise production limits. With these new 

guidelines, testing must be done on all air purification devices that 
adhere to these ASHRAE 241 standards. 
 

The test plan incorporated testing the CASPR Medik X per the 
ASHRAE 241 safety requirements in a 30 m3 test chamber to 
evaluate the safety of the CAPSR Medik X device. The Medix X is 
pictured in Figures 1 and 2 on the following page. 

 

The Medik X device is designed to be installed into the 
ductwork of an already functioning HVAC system. It utilizes a 
UV-C light bulb to deactivate airborne pathogens. A 
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A B S T R A C T  

 

Purpose: 

The purpose of this in-vitro study was to measure four specific safety related items, per ASHRAE 
241-2023, of the CASPR Medik X device while it was in normal operation. The four items that were 
measured were for the potential: 

1) particulate generation from the device,  
2) ozone production from the unit itself,  
3) formaldehyde production rate, and  
4) the level of sound that the unit produces while in operation (exempt for in-duct systems). 
 

Background: 

The Medik X device is classified as a medical grade HVAC device that utilizes a cell made up of a 
cold plasma bulb and proprietary catalytic coated honeycomb. It is designed to be installed in the 
HVAC ductwork such that the cell is inserted into the air flow. The catalyst generates gaseous hydrogen 
peroxide for decontaminating both air and surfaces. 
 

All testing was conducted in a 30m3 bioaerosol test chamber which housed the partial HVAC 
system that the devices were installed in. The safety testing included analysis of particulate generation, 
ozone, and formaldehyde production and well as the sound level generated by the device. This study 
utilizes ASHRAE 241 testing parameters to determine safety.   

 
Methods:  

A partial HVAC system was constructed with installation points for the CASPR Medik X with a 
blower rate set at 5 air changes per hour (5 ACH). The Medik X was installed into the system, then the 
unit and blower were switched on, and measurements were taken for: 

1) particulate generation using a TSI Aerodynamic Particle Sizer (APS) Model 3321, 
2) ozone production using a Teledyne Model 456L ozone monitor, 
3) formaldehyde production using an Interscan 4160, and  
4) noise generated by the device  
 
Each safety item was tested individually, and the data was logged over the 4-hour test period 

while the device was in operation. Control trials (background) were performed to establish the 
background levels of particulates, ozone, formaldehyde, and sound. The background was subtracted 
from the test data to yield a net value for each of the parameters that were monitored. 

 
Results: 
  

The CASPR Medik X passed the particulate and formaldehyde generation safety tests per the 
ASHRAE 241 guidelines. For particulate testing, the Medik X did not exceed the ISO Class 6 chamber 
particulate level. The formaldehyde generation emission rate averaged 38.23 ug/hr, which is under 
the 50 ug/hr threshold dictated by ASHRAE 241 guidelines. 

 
Both the ozone and noise production were not tested. Instead, the manufacturer has a UL test 

certificate (Appendix C) that certifies the device does not exceed 0.005 ppm as tested by UL 867.  
Additionally, the device is an in-duct design and is therefore exempt from noise testing per section A 
1.4.1.1 of ASHRAE Standard 241. 
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photocatalytic housing surrounds the bulb, producing dry 
hydrogen peroxide vapor to reduce both airborne and surface 
contamination.  

 
STUDY OVERVIEW 
  

The CASPR Medik X was evaluated for four potential safety 
risks: particulate, ozone, formaldehyde, and noise production. This 
study was performed in accordance with ASHRAE 241-2023 
guidelines. This report presents the results of that testing. 
 
 This is one of two reports that detail the test results for the 
ASHRAE 241 and AHAM AC-5 testing of the Medik X. This report 
contains the safety testing data and results. The other report 
details the bioaerosol testing by ASHRAE 241 and AHAM testing 
guidelines. A test matrix outlining the safety testing can be found 
in Figure 3 below. 

 

PRODUCT DESCRIPTION 
 
  The CASPR Medik X is a medical-grade air purifier and 
surface decontamination device. This model houses a 14" UV-
C bulb. Radiation from the bulb irradiates bacteria and viruses 
and also produces a photocatalytic effect with its catalytic 
housing to generate hydrogen peroxide, further reducing 
microbes both airborne and on surfaces. The device is designed 
to be retrofitted into existing HVAC systems in hospitals, 
businesses, or residential homes. The ability of the CASPR 

Medik X to utilize an already established HVAC system, with a 
fan and filter, dramatically reduces the initial cost of 
implementing one of these systems.  

 

 
Figure 1: CASPR Medik X. 

 

 
Figure 2: CASPR Medik X – Installed in partial HVAC duct used for 
testing in the bioaerosol test chamber. 

 
 
 

 
Figure 3: Test Matrix. 

 
 
 
 

 
 
 
 

Trial Run Device

Device Fan 

Speed 

(ft
3
/min)

Test Species Abbreviation
Chamber Size 

(m
3
)

Detection 

Limit

Trial Time 

(hr)

Sampling 

Devices

1 Control

2 Control

3 Challenge

4 Challenge

5 Challenge

6 Challenge

7 Control

8 Control

9 Challenge

10 Challenge

11 Challenge

12 Challenge

13 Control

14 Control

15 Challenge

16 Challenge

17 Challenge

18 Challenge

1 pt/L 4
TSI 3321 

APSCASPR 

Medik X
5 ACH

NA NA

Particulate
Particles greater

than 0.3 μm
30

NA NA

0.2 ppb 4
Interscan 

4160-1999b

NA NA

Formaldehyde HCHO 30
CASPR 

Medik X
5 ACH

Ozone O3 0 ppb 4
Teledyne 

465L
30

CASPR 

Medik X
5 ACH
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PARTICULATE SAFETY TESTING 
 
Particulate Monitoring Equipment 
 

 
A TSI model 3321 Aerodynamic Particle Sizer (APS) (TSI Inc., 

Shoreview, MN) was used to measure aerosol concentrations and 
the particle size distribution within the chamber during the test 
trials. The APS provided real-time aerodynamic particle 
characterization with a size range from 0.54-20.0 µm with 52 size 
bins of resolution. Sampling is continuous with a data export 
interval of 1 second. The APS has a continuous flow rate of 5 liters 
per minute (LPM). A picture of the APS is shown in Figure 4 below. 

 
 

 
Figure 4. TSI Aerodynamic Particle Sizer (APS) model 3321 was used 
to measure the challenge bioaerosol's total particle concentration and 
particle size distribution. It has a 0.54-20.0 µm aerodynamic diameter 
range, with 1 particle/L detection limits. 

  

Particulate Monitoring Test Methodology 
 

The chamber was first measured for aerosolized 
particulate concentrations to establish the chamber particulate 
background level. The background control test was run for 4 
hours, the same as the test trials. The chamber cannot exceed 
the ISO 5 Cleanliness Class based on Table 1 of ISO 14644-14 
shown in Figure 6 below. 

 
The device was placed into the test chamber, switched on, 

and monitored for 4 hours. The particulate test data was then 

compared to the control data to determine the net production 
rate of particulates generated by the device.  

 
ASHRAE 241 Particulate Requirements 
 

As stated in the ASHRAE 241 guidelines, the level of 
particulates produced by the device "shall not exceed one 
cleanliness class greater than the empty test chamber or test 
duct as described in ISO 14644-14, Table 1."  

 

Particulate Test Results 
 

 
Figure 5. APS particulate data for the Medik X. 

 
Particulate Test Conclusion 
 

ASHRAE guidelines state that the chamber cannot exceed 
the ISO Class 5 limit and that the tested device cannot exceed 
ISO Class 6, or one class above the maximum control class. The 
control concentration level was classified as an ISO Class 4 to 5 
chamber. The APS data shows that the device raised the ISO 
Class to 6, but did not exceed that class 6 ISO rating. The Medik 
X, therefore, passes the particulate portion of the safety 
testing. 

 
 
 

 
 

Figure 6. Particulate ISO classification particulate levels by particle size. 

Particle Size 

Range
Control 1 Control 2 Medik X

≥0.3µm 9804.4 9481.2 28072.1

≥0.5µm 109.5 110.1 19882.3

≥ 1.0µm 7.6 7.0 2097.6

≥ 5.0µm 0 0 5

ISO Classification 5 5 6

Mean Particle Concentration (pt/m
3
)
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OZONE SAFETY TESTING 
 
Ozone Monitoring Equipment 
 

A Model 465L Ozone Monitor was used to measure the test 
chamber ozone concentrations during the Medik X ozone safety 
test trials. Real-time ozone concentrations were monitored and 
recorded automatically every 20 seconds, using data logging 
software to capture the output readings. The model 465L has a 
continuous flow rate of 0.8 liters per minute (LPM). A picture of 
the 465L Ozone Monitor is shown in Figure 7 below.  

 

 
Figure 7. The Teledyne Model 465L UV Photometric Ozone 
Monitor. This Ozone monitor can detect ozone levels as low as 0 ppb 
and up to 500 ppm while sampling at 0.8 L/min 

  

Ozone Monitoring Test Methodology 
 

To assess the Medik X’s ozone production accurately, the 
chamber, with no device present, was first measured for 
background ozone levels. This data established a background 
ozone level that was subsequently subtracted from the test 
data to determine the ozone contribution of the Medik X test 
device. Both the control and test trials were run for four hours. 
The ASHRAE 241 standard does not mention a background 
ozone concentration limit. 

 
The device was placed into the test chamber and was 

subsequently turned on and monitored for four hours. This 
data was then compared to the control data to determine the 
net production rate of ozone by the device.  

 
ASHRAE 241 Ozone Production Guidelines 
 

The ASHRAE 241 requirements limit ozone production for 
the tested device to an average of 50 micrograms/hr over a 
four-hour test period.  
 
Ozone Production Test Conclusion 
 

The CASPR Medik X has a UL2998 certification stating that 
its ozone generation rate is within the limit provided by the 

ASHRAE 241 standard. This certification is in Appendix C of this 
document. 

 

FORMALDEHYDE SAFETY TESTING 
 
Formaldehyde Monitoring Equipment 
 

The Interscan 4160-1999b Formaldehyde Gas Detector is a 
portable sampling unit that provides a real-time digital readout of 
formaldehyde concentrations in parts per billion. It is highly 
sensitive and capable of reading formaldehyde at concentrations 
as low as 0 ppb and up to 1999 ppb. This data was stored on a data 
logger and exported to an Excel file for further data analysis. A 
picture of the Interscan 4160-1999b Portable Formaldehyde Gas 
Detector is shown in Figure 8 below.  

 

 
Figure 8. The Interscan 4160-1999b Portable Formaldehyde Gas 
Detector. It has a 0-1999 ppb range with a 0.2 ppb resolution. 

  

Formaldehyde Monitoring Test Methodology 
 

To accurately assess the device's formaldehyde 
production rate, the chamber was first monitored to establish 
the background formaldehyde concentration. The control trial 
data was subtracted from the test trial data to calculate the net 
formaldehyde production rate. Both the control and test trials 
were run for four hours. 

 
Formaldehyde safety testing also included an additional 

control test with limonene. Limonene is a chemical commonly 
found in many household products, including cleaning 
solutions and beauty products. Limonene is known to produce 
formaldehyde if exposed to ozone. Limonene was aerosolized 
inside the chamber at a concentration of 25 µg/m3, or 4.5 ppbv, 
as a chemical input for potential formaldehyde production per 
ASHRAE 241 guidelines. The chamber was then monitored for 
potential formaldehyde conversion caused by the basal ozone 
level in the chamber. 

 
The concentration of limonene used for the control test 

(25 µg/m3 or 4.5 ppbv) was volatilized in the chamber 
containing the device. The device was then turned on and 

http://www.arelabs.com/
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monitored for four hours. This data was then compared to the 
control data to determine the net production of ozone 
attributed to the device.  

 
ASHRAE 241 Formaldehyde Guidelines 
 

The ASHRAE 241 requirements for formaldehyde 
production are very low, only allowing the tested device a 
formaldehyde emission rate of 50 µg/hr over the four hours of 
testing.  

 
Emission rates are determined by the following equation 

provided by the ASHRAE Standard: 

 

𝑬 = 𝑽 (𝑳𝒐𝒇𝒇𝑪𝒕=∆𝒕 +
𝑪𝒕=∆𝒕 − 𝑪𝒕=𝟎

∆𝒕
) 

 
Where:  
E= Emission rate, µg/hr 
V= Volume of the Chamber in m3 
Loff= the first order loss rate for the chemical (which is 0 for 
formaldehyde) 
Ct= Δ t = Concentration at the end of the trial in µg/m3 
Ct=0 = Concentration at the beginning of the trial in µg/m3 
Δt= total duration of the trial 

 
Using this equation, the emission rate of formaldehyde 

was calculated. 
 

Formaldehyde Test Results 
 

 
Figure 9. Formaldehyde test results obtained for the control and 
Medik X device trials. 

 
Formaldehyde Test Conclusion 
 

The ASHRAE 241 standard provides a limit for 
formaldehyde generation. The CASPR Medik X is within the 
formaldehyde generation limits, producing an average of 38.23 
net ug/hr of formaldehyde, which is below the threshold of 
50ug/hr. This data indicates that the Medik X formaldehyde 
generation rate is within safety limits. 

 

NOISE LEVEL SAFETY TESTING 
 
Noise Monitoring Equipment 
 

The Aoputtriver is a digital sound level meter designed to 
measure the decibel level of various environments. IT has a 30-130 
dB range with an accuracy of ± 1.5 dB with a resolution of 0.1 dB 
making it highly accurate. It has a sampling frequency of 2 times 
each second. A picture of the Aoputtriver AP-882A is shown in 
Figure 10 below. 

 
Figure 10. The Aoputtriver AP-882A is a digital sound meter 
with an accuracy of ±1.5 dB with sampling 2 times every second.  

  

Noise Level Measurement Methodology 
 

A background reading of the ambient noise level in the test 
room was taken. The tests were performed outside the testing 
chamber to prevent wall reverberation. These readings were 
then used as a baseline to determine the noise level attributed 
to the device. 

 
The test device was placed in the same room used for 

control testing, switched on, and analyzed in the same way that 
the control test was performed in approximately the same 
area. The ASHRAE 241 guidelines state that readings must be 
taken approximately 1 meter (3.3 ft) from the tested device. 
This was done at various points around the unit, approximately 
every 45 degrees.  

 
ASHRAE 241 Noise Guidelines 
 

The ASHRAE 241 guidelines do not state a specific limits 
for sound production for any device. The guidance document 
just states that sound levels must be taken and reported.  
 

Noise Level Results and Conclusion 
 

The CASPR Medik X is exempt from noise testing per 
section A 1.4.1.1 of ASHRAE Standard 241.

 
 
 
 

Trial ID

Limonene Starting 

Concentration 

(ug/m3)

Testing Duration 

(hours)

HCHO Emission Rate 

(ug/hr)

Control 1 25 4 5.53

Control 2 25 4 4.61

Trial 1 25 4 39.61

Trial 2 25 4 36.85

Net Emisson Rate 

Average
38.23

CASPR Medik X 
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Figure 11 Executive Summary. 

 
 

 
Summary of Results 
 

A total of two different tests were performed, the 
formaldehyde and particulate matter generation tests, in 
duplicate. The device passed both the formaldehyde and 
particle generation tests. The results are summarized in Figure 
11 above. 

 
Ozone testing was performed and passed at another 

facility that issued a state UL certification; that certificate is in 

Appendix C of this report. Since the device is designed for an 
in-duct installation, it is exempt from noise testing per section 
A 1.4.1.1 of  ASHRAE Standard 241.  
 

Conclusion 
 

The Medik X passed all safety testing requirements 
outlined in the ASHRAE 241-2023  Standard.

 
 

 
 

  

Analyte of Concern Abbreviation Test Method Target Results Pass/Fail 

Formaldehyde HCHO Formaldehyde shall be measured using any 

method described in ASTM D8407 
23

 that has a 

detection limit better than 0.5 ppbv (0.6 μg/ m
3
) for 

a 1-minute sample. 

Air change must be low enough to detect target 

emission rate with instrument detection limits.

Emission rate less than 50 μg/hr Average formaldehyde 

generation was 152.91 

ug/m
3 

over the course of 4 

hours. The final emission 

rate was 38.23 ug/hr.

Pass 

Ozone O3 UL 2998-2020 or equivalent <5 ppb State UL Certification Pass 

Particulate matter count 

concentration (#/m3)

Particles greater 

than 0.3 µm
ISO 14644-14

 24 
(duct testing requires isokinetic 

sampling)

Test results shall not exceed one 

cleanliness class greater than the 

empty test chamber or test duct as 

described in ISO 14644-14, Table 1. 

Empty chamber shall not measure 

higher than Class 5. 

Device did not exceed ISO 

Class 6

Pass 
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Figure 1A: APS calibration certificate. 
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Figure 2A: Teledyne 465L factory calibration certificate. 
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Figure 3A: Interscan calibration certificate. 
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INTRODUCTION 
 

Validating a bioaerosol chamber is a crucial process to ensure 
its accuracy and reliability in maintaining controlled experiments. 
This involves thorough assessments to confirm that the chamber 
met the strict standards for conducting bioaerosol studies. Factors 
such as chamber homogeneity, ionization assessment, air 
exchange rates, and control stability are rigorously tested to 
ensure consistent and accurate results. Validation assures 
researchers that the chamber functions properly, enabling them to 
conduct reliable bioaerosol studies that contribute to informed 
decision-making in areas like indoor air quality and infectious 
disease research.  

 

EQUIPMENT 
 
Testing Chamber 

 
The test chamber, Figures 1 and 2, is the main component 

in bioaerosol testing used for controlled manipulation and 
testing of microorganisms. It allows for the introduction, 
sampling, and secure confinement of microorganisms, thus 
contributing to the precision and reproducibility of testing 
outcomes. ARE Lab's 30m3 test chamber adheres to the 
stringent guidelines in AHAM AC-5 and aligns with both AHAM 
and ASHRAE 241 criteria. 

 
Structurally, the chamber has dimensions of 30 + 1.5 cubic 

meters, or approximately 1060 ft3, with the width deliberately 
maintained within 85 to 100% of its length. This dimensional 
consistency ensures a uniform testing space, which allows for 
reliable experimentation. 
 

Constructed from a non-porous material, the chamber's 
walls exhibit notable qualities. Beyond its physical attributes, 
this material emits minimal volatile organic compounds (VOCs), 
is non-reactive, non-reflective, and has a non-ionizing 
quenching nature. This creates an environment conducive to 
reliable and repeatable testing conditions. 
 

Airtight integrity is monitored and controlled, within the 
chamber achieving a controlled air change rate (ACH) below 
0.05, as per the benchmark set by ASTME 741. This 
characteristic provides the operator with the ability to isolate 
the testing environment, thus enhancing result reliability. 
 

The chamber is designed to prevent external microbial 
contamination while maintaining internal atmospheric 
conditions. These features include an aseptic maintenance 
system, HEPA filtration, cross-contamination-free item transfer 
mechanisms, external power control, real-time observation 
facilitated by multiple viewing windows, and the capability to 
produce and evenly disperse aerosolized microbes. 
 

Sampling ports, positioned approximately 48 inches from 
the floor and 12 inches from the walls, ensure optimal sample 
collection while maintaining prescribed device separation. The 
chamber's temperature and humidity are maintained, within 
ASHRAE 241 limits, with a programmable controller. 
 

The incorporation of negative pressure airflow allows for 
controlled purging, and a HEPA filter adds an additional layer 
of protection, inhibiting potential contamination. The 30m3 
testing chamber at ARE Labs fulfills both AHSRAE 241 and 
AHAM AC-5 requirements.  

 

  
Figure 1: 30m3 Environmental Test Chamber Flow Diagram. Chamber includes bioaerosol induction, multiple bioaerosol 
sampling ports, particle size monitoring, internal mixing fans, and temperature and humidity controls. Main system HEPA 
evacuation system not pictured. 
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Shown below in Figure 2, the bioaerosol chamber used for 

all testing in this study. A Magnehelic gauge (Dwyer 
instruments, Michigan City IN), with a range of -0.5 to 0.5 
inches of H2O, is used to monitor and balance the system 
pressure during aerosol generation, aerosol purge, and testing 
cycles. A general flow diagram of the aerosol test system is 
shown in Figure 1 on the previous page. 

 

 
Figure 2: The 30 m3 bioaerosol testing chamber at ARE Labs adheres 
to AHAM AC-5 standards and ASHRAE 241 criteria. The chamber is 
equipped with HEPA filtered air in/out, multiple bio aerosol sampling 
ports, decontamination, and pressure balance. 

 
Temperature and Humidity Monitor/Controller 
 

The temperature and humidity within the chamber are 
monitored and controlled with an AC Infinity Controller 69. This 
controller allows for real-time monitoring and control of the 
temperature in the 30m3 bioaerosol chamber used for testing. 
Temperature and humidity control is essential for the stability of 
aerosolized micro-organisms during testing. 

 
ASHRAE 241 and AHAM AC-5 both have temperature and 

humidity requirements for temperature and humidity inside of the 
bioaerosol chamber during testing. The required range for 
humidity is 50% + 10% while the temperature range is 73oF + 5o 
(23oC + 3oC). A picture of the controller is shown in Figure 6 on the 
following page. 

 
Figure 3: AC Infinity Controller 69 Temperature and Humidity 
Controller. 

 
Ion Monitor  
 

The COM 3200 Pro II ion meter, Figure 7 below, measures ion 
concentrations in real time and was used during testing to ensure 
the ion concentrations were consistent inside the chamber. The 
ion meter measures ions using the Gerdien capacitor method and 
can detect positive and negative ions down to 10 per cubic 
centimeter. This was only used for the chamber validation aspect 
of the testing and not used during any portion of the safety testing 
as required for ASHRAE 241.  

 

 
Figure 4: COM 3200 Pro II ion meter used for ion measurements of 
the PA663 ionizer. 

 
CHAMBER VALIDATION TESTING 
 
Bio-homogeneity – Impinger Tests 
 

One key component of the chamber validation process is the 
bioaerosol homogeneity test. This test validates the homogeneity 
of the chamber, making sure that the atmosphere within the 
chamber is well mixed. 

 
Six AGI-30 impingers were used for this chamber validation. 

The impingers were systematically rotated through all four 
impinger ports to generate a matrix of impinger tests against all 
ports. Each port was tested with each impinger a minimum of two 
times during this validation.  

 

 
Figure 5: Impinger port-to-port comparison. Percent averages are 
calculated by taking the count for each port divided by the average 
plate count for the four ports. 
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These impinger samples were plated in triplicate by two 

technicians to reduce plating discrepancies. Each set of plate 
counts generated by each technician were compared to one 
another and a port-to-port comparison was created. This 
showed that each port of the 30m3 chamber produced a similar 
result to one another validating the chamber homogeneity 
during trials. A graphical representation of the average 
measured for each port is shown in Figure 8. While these results 
do not show gaseous homogeneity specifically, the homogeneity 
of a gas should be far more homogenous due to the much higher 
diffusion rate that gases have over aerosolized biologics. 

 

 Ionization Homogeneity Validation 
 

 To measure the baseline concentration of ions present 
in the sealed 30 m3 chamber over 4 hours, a COM 3200 Pro II 
ion meter was used. The chamber had an average net ion 
concentration of -143.39 +/- 55.64 ions per cubic centimeter. 
Testing shows that the net ion concentration is essentially 
neutral in regard to the charge within the chamber. See the 
ion data graph from the ion test trial in Figure 10. The total 
production of ions naturally occurring in the chamber is 
nominal. 

 

 
These control tests implement the ANSI/AHMA AC-5 

2022 guidelines, ensuring a thorough and precise assessment 
of air cleaner performance in reducing airborne microbes. 
The methodical approach, from preparation to measurement 
and analysis, underscores the importance of consistent and 
accurate testing procedures. 

 

 
Figure 7. Total baseline level of ions present in the 30m3 chamber.  
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APPENDIX C: 

CASPR Provided Ozone State UL 
Certification 
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