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 Real-World Efficacy Testing Guidelines

PuriFi Labs’ Scientific Advisory Board covers  
the advances in research and discovery that are  

changing our understanding of air purification devices  
and shaping real-world efficacy test standards.  
Science-based facts will help standardize methods for testing used for comparing  
the real-world efficacy of various technologies such as UV, ionization, air filtration,  

and ventilation against airborne pathogens and particulates.
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1.1  |  Physical Testing Chamber Setup for Duct Mounted Devices

1.1.1		� Testing should be conducted in a chamber 
approximately the size of a “normal” room 
or larger (i.e., small office or single-family 
residence). Examples of suitable sized 
chambers are:

a.	 EPA Aerobiology Chamber, Volume 24.3 m3 (860.0 ft3); 
(length x width x height, 320.0 x 360.6 x 211.0 cm)1, 2

b.	 Bespoke constructed testing chambers, with 
nominal volumes of 28m3 (1000 ft3) to 85m3 (3000 
ft3) with nominal ceiling heights of 2.5m  
(8 ft) to 3m (10 ft).

c.	 Bespoke constructed home-sized chambers, with 
nominal volumes of 340m3 (12,000 ft3) with nominal 
ceiling heights of 2.5m (8 ft) to 3m (10 ft).

1.1.2	�	 Locations of sensors should be consistent 
with where human occupants would most 
likely be exposed to microorganisms.  

a.	 Portable sensor stands for the room should be 
constructed to allow positioning of sensors at key 
levels, such as the typical height of a person’s 
head while standing, nominally 1.7m (5.5 ft) or 
sitting at a desk, nominally 1m (3.5 ft).

b.	 Simulated furnishings, constructed to be 
non-particle shedding and non-gassing, may be 
located in the chamber, where possible, to provide 
pseudo-realistic obstructions typically found in 
residential rooms, hospital rooms, and offices. 

1.1.3		� Auxiliary mixing fans located inside the 
chamber should be positioned to disperse 
the air so that it is adequately mixed but not 
operated in a manner that causes artificial 
suspension of large particles that would 
normally be expected to settle or artificial 
inactivation of smaller particles due to 
evaporation effects or tension from the air 
water interface (AWI).

a.	 Auxiliary mixing fans should be located in the four 
corners of the chamber, approximately at 0.5m 
to 1.5m (1.5 to 5 ft) height, oriented horizontally 
towards the central point. 

b.	 The total output capacity of the collective  
fans should be approximately 1-3 times the  
calculated Air Changes per Hour (ACH) being  
used for each test. 

c.	 To account for real-world behaviors, nominal air 
velocities for the fans should be in the range of 
average indoor walking speeds, divided by four, 
to account for 50% average sitting time and 
the temporary air movement of humans vs. the 
constant flow of mixing fans (i.e., 1 m/s, 197 FPM, 
divided by four, 0.25 m/s or 49.25 FPM) 3

Testing should be conducted in a chamber approximately the size of a “normal” room or larger (i.e., small office or single-family residence).
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PuriFi Labs Scientific Advisory Board covers  
the advances in research and discovery that are  

changing our understanding of air purification devices  
and shaping real-world efficacy test standards.  

Science-based facts will 
help standardize methods for 

testing used for comparing  
the real-world efficacy of 

various technologies such as 
UV, ionization, air filtration,  

and ventilation against airborne 
pathogens and particulates.

1.2  |  Mechanical (Fan and Ducting) Setup for Test 

1.2.1		 The mechanical aspects of the test chamber 
should be constructed in a manner that will 
allow for mounting and use of the air cleaning 
device consistent with the manufacturer’s 
recommendations and real-world conditions. 
Therefore, while efficacy will be measured in 
the simulated breathing zone, duct mounted 
devices (ionizers, UV lights, in-duct air 
filters) should be duct mounted, and tabletop 
or portable units should be positioned 
appropriately. The quantity and manner of 
operation of the devices should be consistent 
with the manufacturer’s recommended 
use and the manner in which they will be 
reasonably installed and used in a real-world 
environment.  

1.2.2	 The supply air flow distribution should be 
installed in a manner consistent with typical 
construction methods. 

a.	 A variable flow supply (recirculation) fan,  
sized to provide 1 to 10 air exchanges per hour, 
is preferably located exterior to the chamber, 
if possible. However, biosafety protocols may 
dictate that all fan systems and ductwork must  
be fully contained within the chamber.

b.	 A particulate air filter housing is mounted adjacent 
to the fan, on the discharge side of the supply 
fan for commercial applications. For residential 
applications, a particulate air filter housing might 
be required at the room side return air register(s).

c.	 A section of duct suitable to mount an air cleaning 
device, consistent with the manufacturer’s 
recommendations, is located approximately 
0.5m to 2m (1.5 ft to 6 ft) downstream from the 
supply fan, depending on device type and space 
constraints. Sample ports should be located 

before and after the air cleaning device for 
additional measurements and analysis as needed.

d.	 Typically, the main supply air ducting would be 
approximately 6 to 12m (20 to 40 ft), with multiple 
1 to 2m (3 to 6 ft) long branches extending off of 
the main duct inside the test chamber, terminating 
in standard 0.1 to 0.3m (6 to 12 in) diffusers, 
uniformly spaced within the test chamber ceiling, 
according to typical indoor environments. More 
diffusers and associated ducting should be 
installed if the flow through any diffuser exceeds 
approximately 120 CMH (70 CFM).   

e.	 The ducting is preferably spiral galvanized ducting 
most often found in residential, commercial, and 
healthcare installations.

1.2.3	 The return air flow should be controlled in a 
manner consistent with typical installations.

a.	 Three damper operated return air grills, one 
located near the floor, one near the mid-point 
of the wall and the other near the ceiling, is 
connected by duct work to the externally 
mounted fan. The air return near the ceiling is 
preferable in testing. The other air returns can 
be helpful in evaluating the settling effects of 
microorganisms. 

b.	 Leading from the return air grills there is a 
transition piece of ducting leading to the supply 
fan. Sample ports should be located approximately 
0.3m (1 ft) upstream of the supply fan for additional 
measurements and analysis as needed. 

Mounting and use of the air cleaning device should be  
consistent with the manufacturer’s recommendations and 
real-world conditions.

The main supply air ducting would be approximately 6 to 12m  
(20 to 40 ft), with multiple 1 to 2m (3 to 6 ft) long branches extending 
off of the main duct inside the test chamber.
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1.3  |  Airflow Balance

1.3.1		 The air flow pattern in the test chamber 
should be adjusted, using the adjustable 
dampers and the variable flow recirculation 
fans to ensure, as reasonably as possible, 
that the treated air coming through  
the dampers is distributed uniformly 
throughout the room in coordination  
with the auxiliary fans.

a.	 Flow visualization, as used in cleanrooms,  
is one technique that can be employed.

b.	 CO2 injection into the recirculation air and periodic 
measurements at the points throughout the room 
can be used to assess the uniformity of the air 
within the room.4

c.	 An air flow grid can be used to determine flow 
velocity and volume flow at the dampers, registers, 
and in the space to ascertain that the air is being 
uniformly distributed.

The air flow pattern in the test chamber should be adjusted, using the adjustable dampers and the variable flow recirculation fans to ensure, as reasonably as possible, that the treated air coming through  
the dampers is distributed uniformly throughout the room in coordination with the auxiliary fans.
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1.4  |  Air Sampling Setup

1.4.1		 The air sampling aspects of the testing 
should take into consideration both the 
locations within the standing and sitting 
breathing zones and the number of locations 
that can reasonably be justified.  

a.	 For efficacy measurements, air sampling at one 
or more predetermined points will be needed 
to draw the contaminated particles into an 
externally located instrument or sampling device.

b.	 The air drawn from the sampling points within the 
room during the testing period should not exceed 
1% of the total room volume so that the pressure 
in the room does not cause significant infiltration 
of outside air.

c.	 The collection speed of air drawn through the 
sampling ports should be adjusted for the 
microorganism involved to ensure collection with 
the least amount of damage to the microorganism 
during the collection process. For example, 
enveloped viruses, such as SARS-CoV-2, may 
be best collected at approximately 5 LPM, 
whereas some bacteriophage surrogates might be 
compatible with faster collection speeds.

1.4.2	 The air passing through the recirculation  
fan should be a well-mixed sample of the  
air being drawn from the room, and sampling 
on either the inlet or discharge of the fan,  
but before the filter or air cleaning device,  
will give data representative of the overall  
air in the chamber in addition to specific 
location data.

1.4.3	 The air can be sampled both before and  
after the dust mounted filter to determine 
the single-pass efficiency changes because 
of the air filter, or because of the air cleaning 
device, or a combination of both.

1.4.4	 The air can be sampled both before and 
after the air cleaning device to determine 
the single-pass effects that the air cleaning 
device is having on specific aspects of the 
air, such as ion counts, microorganism 
counts, particle size counts and distribution. 

1.4.5	 In-room particle counters can also be 
co-located with microorganism collection 
ports, ion meters, and other air sampling 
devices as applicable. Collecting multiple data 
sets from the same in-room locations helps 
ensure environmental consistency at the 
collection point for each respective data set.

The air sampling aspects of the testing should take into consideration both the locations within the standing and sitting breathing zones.
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1.5  |  Temperature and Relative Humidity Setup and Sampling

1.5.1		 Temperature and Relative Humidity setup 
and control should be carefully considered 
as the viability of some microorganisms 
is affected by relative humidity. Also, 
consideration should be given to the effect  
of evaporation rate on the aerosol droplets  
and that effect on microorganism viability.

a.	 For example, bacteriophage MS2 is most stable 
at 30% relative humidity. Testing at 30% relative 
humidity presents the most challenging conditions 
for an electronic device to deac tivate MS2.5 

b.	 For example, viruses have been reported to survive 
well at a relative humidity below 33% and at 100%. 
Low relative humidity could affect the evaporation 
rate of the aerosol while also affecting particle size 
and other parameters.6

Bacteriophage MS2 is most stable at 30% relative humidity. Testing at 30% relative humidity presents the most challenging conditions for an 
electronic device to deactivate MS2.
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1.6 | Ion Concentration Sampling

1.6.1		 Airborne ion concentration measurements 
should be logged at a point near air sampling 
ports being used for specific purposes, such 
as microorganism analysis.

1.6.2	 Ion concentration measurements can be 
made with several types of instruments.

a.	 A Gerdian Tube instrument (i.e., “Ion Meter”) 
measures the air ion density and mobility, 
sometimes characterized as measuring the air 
conductivity. The conductivity measurement is 
not indicative of ions exclusively or the nature of 
the ions. Any static charge, including ambient 
charge, charged particles, free electrons, 
or actual ion species, will contribute to 
measurements from Gerdian tube-based devices. 
Because of the requirement that air is drawn 
through the instrument, it is best used in open 
spaces.  

b.	 A Langmuir Probe is used for local measurement 
of plasma parameters because of its small size and 
simplicity. It is best applied in close proximity to 
the ionization device discharge.7  

c.	 The most accurate method for measuring 
and characterizing isolated ion density and 
excited ion, as well as neutrals, speciation can 
be accomplished through Optical Emission 
Spectroscopy as outlined in Item 1.7.1.a.

d.	 Multiple instruments can be used at different 
locations to establish distribution of ion 
concentration and uniformity of ion distribution  
in the room.

Airborne ion concentration measurements should be logged at a point near air sampling ports being used for specific purposes, such as 
microorganism analysis.

http://www.jspf.or.jp/PFR/PDF2016/pfr2016_11-2401015 
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1.7 | Ion Species Sampling

1.7.1		 Airborne ion species measurements can 
be logged at a point near the sample points 
being used for specific purposes, such as 
microorganism concentration or device 
output. The efficacy of the ionization device 
will likely be related to type (presence of 
negative and positive ions) and quantity of 
reactive ion species.

a.	 Optical Emission Spectroscopy can be used to 
both identify and quantify many of the species, 
some by family, other specifically.8, 9  

b.	 Supplemental methods and instruments can be 
utilized to identify and quantify other species. 
For instance, the PMS Air Sentry, point of use ion 
mobility spectrometer (IMS), is reported to have 
the capability to detect small changes in airborne 
concentrations (ppt sensitivity) of chlorides, acids, 
amines, and ammonia-containing species.10 

Optical Emission Spectroscopy can be used to both identify and quantify many of the species, some by family, other specifically.
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1.8 | Microorganism Composition and Aerosolized Particle Size

1.8.1		 The composition of the broth in which the 
microorganism will be aerosolized can affect 
the viability of the microorganism. For the 
specific microorganism used in testing,  
the appropriate broth should be chosen. 

a.	 Artificial saliva and sputum would appear to be 
most appropriate.

b.	 Deionized water can cause issues with the micro-
organism stability in the aerosolized droplet.11, 5

1.8.2	 The particle size at which the aerosolized 
broth will be generated should be carefully 
considered and designed to represent the 
real-world conditions that a given technology 
is being tested for.

a.	 Small particles in the 1 to 3 µm range diffuse deep 
into the lung tissue and deposit by mechanisms 
including diffusion, sedimentation, and 
electrostatic forces.  

b.	 Larger particles (>8 µm) impact further up in the 
respiratory airways.  

c.	 Human aerosols start as low as 0.1 µm but mostly 
begin around 0.3 µm and hit their peak between 
1 and 3 µm, suggesting that exhaled and inhaled 
aerosols are primarily responsible for human-to-
human transmission of microorganisms such as 
SARS-CoV-2.12, 13, 14, 15, 16  

1.8.3	 When using a microorganism surrogate, 
the microorganism surrogate to be 
selected should closely resemble the target 
microorganism in both size and structure.  

a.	 Example: Phi6 is a dsRNA phage of the 
Cystoviridae family that has been suggested 
as a good surrogate for studying enveloped 

RNA viruses, including SARS coronaviruses; 
similar to SARS-CoV-2, it is enveloped by a lipid 
membrane, has spike proteins, and is of similar 
size (~ 80 to 100 nm).  

b.	 As a surrogate for non-enveloped pathogens,  
MS2 bacteriophage might be used.17

MS2 bacteriophage

SARS-CoV-2 Phi6



 Real-World Efficacy Testing Guidelines

12 PuriFiLabs.com



1.9 | Particle Count Measurements

1.9.1		 Measurement of the particle counts within  
the test chamber and mechanical system  
will be helpful in understanding the effect 
that the air cleaning device is having on the  
treated air.  

a.	 Air filter devices will remove certain sized 
particles from the air, depending on the particle 
removal efficiency of the filter, based on the ability 
of microorganisms to reach the air filter device 
through recirculation.

b.	 Ionization devices will cause agglomeration of both 
solid and aerosol (liquid) particles in the air, and the 
fate of the particles is an important consideration.

c.	 The decrease of active microorganisms  
in the air could occur as: 

i.	 the deactivation on a solid particle  
or inside a liquid particle, or

ii.	 could be due to the agglomeration and 
settling of the solid or liquid particles, 
which may or may not contain viable 
microorganisms, or 

iii.	a combination of both deactivation  
and settling.  

1.9.2	 Samples will be drawn from the air in the 
chamber to determine the deactivation of the 
microorganisms, either from natural decay or 
induced by device inactivation. The effect of 
accelerated settling through agglomeration, 
versus airborne inactivation, is an important 
factor to consider and account for. To that 
end, clean deposition coupons can be placed 
on floors or surfaces to measure the effect 
of particle agglomeration and settling. 
The deposition coupons placed inside the 
chamber can help determine if the reduction 
of microorganisms in the air is due to 

airborne inactivation or airborne elimination 
through the settling of microorganism 
particles removed from the breathing zone.

1.9.3	 The direct particle measurements of 
microorganism-laden aerosols can be 
a challenge as they pose a threat to the 
health and safety of anyone exposed to 
microorganisms during the test process 
and servicing of contaminated particle 
measurement instrumentation. However, 
as an indirect method of measurement, 
to develop an understanding of aerosol 
agglomeration effects and particle physics 
without active microorganisms, the following 
optional testing sequenced is proposed:

a.	 Nebulize the broth (without microorganism) 
into the test chamber, while operating at the 
same parameters set for the testing process, 
but with the air purification device removed or 
deactivated, and then monitor the particle counts 
and particle sizes over the estimated period that a 
test will occur, then;

b.	 Nebulize the broth (without microorganism) into 
the test chamber while operating at the same 
parameters set for the testing process, with the 
air purification device re-installed or activated, 
then monitor the particle counts over the same 
estimated period, as in (a), that the test will occur. 
The difference in the particle counts and particle 
sizes will be the settling, agglomeration, or removal 
effect of the air purification device. An assessment 
can be made as to the agglomeration effect on the 
suspension and settling of the aerosol, in essence 
establishing a material balance for the aerosol.

c.	 For the ionization deactivation testing, nebulize 
the broth (with the microorganism) into the test 
chamber with the ionizer on that is being operated 

at the prescribed testing parameters. By using the 
aerosol material balance information established in 
(b) then adjustments can be applied to the airborne 
deactivation due to ionization.   

1.9.4	 Both airborne inactivation and 
microorganism particle reduction in the 
breathing zone, including agglomeration 
effects, should be viewed as positive effects 
on reducing active microorganism-laden 
aerosols in the air. Measuring results in this 
manner ensures that all devices are being 
measured for their most important impact 
area, the breathing zone. Studies have 
documented that ions from cold plasma 
devices will deactivate microorganisms 
within the liquid aerosols that have settled 
onto various hard surfaces.18

Clean deposition coupons can be placed on floors or surfaces to 
measure the effect of particle agglomeration and settling.
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1.10 | Viable Microorganism Measurements

1.10.1	 Continuous measurement of the viable 
microorganism counts within the test chamber 
and mechanical system can be accomplished 
using specialized instrumentation.  

a.	 The Air Trace® Environmental Air Sampler, made 
by PMS, is a slit-to-agar microbial air sampler. 

b.	 The Air Trace rotates a 150.0mm agar plate 
through 360° while the agar plate is maintained 
at a fixed distance from a precision slit, ensuring 
maximum validated recovery of impacted 
organisms on the agar surface. 

c.	 After the inoculated plate has been exposed, 
growth on the medium can be interpreted, 
correlating when the contamination occurred 
during the sampling cycle, enabling pinpointing 
a particular event, such as 99% reduction point, 
during a testing period. 

d.	 The user can set the rotation speed of the agar 
plate, and the percentage of the plate area exposed, 
thus ensuring the flexibility to monitor the level of 
biological activity during the testing process. 

e.	 The airflow through the Air Trace instrument is 
automatically controlled at 1.0 CFM (28.3 LPM).19

1.10.2	 Semi-continuous measurement of the viable 
bacteria or virus counts within the test 
chamber and mechanical system can be 
accomplished using biosamplers.   

a.	 Biosamplers are connected to air sampling 
pumps that draw air at a rate of 12.5L of air 
sampled during each sampling period. 

b.	 Bioaerosol samples should be taken in at least two 
representative locations, from the approximately 
1.7m (5.5 ft) “breathing zone” height during each 
sample period.20

c.	 The broth solution from the impinger is sampled 
and analyzed for microorganism content.   

1.10.3	 Total time and discrete time sampling to 
measure the microorganism levels can 
be taken inside the test chamber using 
deposition coupons that can be uncovered 
and recovered after a predetermined time.

a.	 Cleaned stainless steel coupons are  
typically used.

1.10.4 	 Deactivation coupons can be used to assess 
the deposition of viable microorganisms 
occurring during the test.  

a.	 Some settling of large aerosol droplets  
is expected during the nebulization of the 
microorganism broth.  

b.	 Deposition of viable microorganisms due  
to agglomeration is also expected. 

c.	 Simultaneously deactivation of settled 
microorganisms on the chamber surfaces due  
to the presence of the ions is also expected.  

d.	 Testing with and without the ionizer on will help in 
quantitatively determining the deactivation effect.    

1.10.5	 Collection methods and speeds should  
be carefully aligned to the microorganism 
being tested. 

a.	 Example 1: Enveloped viruses, such as 
SARS-CoV-2, are susceptible to sampling 
damage if collected too rapidly (i.e., >5 LPM).

b.	 Example 2: Bacteriophage surrogates, 
non-enveloped surrogates in particular, such  
as MS2, are generally able to be sampled at  
higher speeds than non-enveloped viruses  
(i.e., ≥12.5 LPM).

The Air Trace® Environmental Air Sampler continuously measures  
the viable microorganism counts within the test chamber and 
mechanical system

The BioSampler® collects bioaerosols in liquid for sample times  
up to eight hours when used in connection with the sonic-flow  
BioLite+ pump.
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