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SUMMARY 
This study deals with a new test method to assess the efficiency but also the harmlessness of 
residential air cleaners. It considers various kinds of contaminants (gas, particles, bio-
contaminants and allergens) at concentrations that are representative of typical concentration 
levels found in indoor settings. After providing some information on the experimental 
protocol proposed, the paper describes the test rig that has specially been developed for the 
needs of the study. Then, it presents the results of preliminary tests aimed at ensuring that all 
parameters are under control, as well as the measured particle and toluene efficiency for a first 
air cleaner under test.  
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INTRODUCTION 
Within the space of few years, indoor air quality has become of growing concern for many 
people. As a result, residential air cleaners has become a buoyant market: various air cleaners 
can now be found in the shops, either as stand-alone portable devices or as part of air-
conditioning terminal units. Real technical advances have also been made. The first 
residential air cleaners to be sold were addressing specific IAQ problems such as odours or 
tobacco smoking. Now, most of the commercially-available devices are made up of various 
advanced filtering techniques (HEPA or electronic filters for particles, photocatalysis for 
VOCs and bio-contaminants, activated carbon or cold plasmas for gases, etc.), and thus can be 
considered as global solutions for IAQ improvement. 
 
Apart from the questions of maintenance (frequency for the filters change for instance), 
energy consumption or noise, the main problem is that consumers don’t have any information 
on the actual efficiency of these systems in realistic configurations of building operation. 
Some standardised test methods exist (ANSI/AHAM AC-1-2002 (2002) in the United States, 
JEM 1467 (1995) in Japan) but the shortcoming is first that these methods overall focus on 
the problem of tobacco smoke, and second that they consider very high pollution loads. 
Moreover, it has been shown that oxidising techniques and high-voltage electronic filters can 
contribute to yield secondary harmful products (aldehydes, ozone) in the indoor air (Nimlos et 
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al., 1996; Zhao and Yang, 2003); however, any of the existing test methods addresses this 
issue. 
 
This study deals with a new test method to assess the efficiency but also the harmlessness of 
residential air cleaners. It considers various kinds of contaminants (gas, particles, bio-
contaminants and allergens) at concentrations that are representative of typical concentration 
levels found in indoor settings. After providing some information on the experimental 
protocol proposed, the paper describes the test rig that has specially been developed for the 
needs of the study. Then, it presents the results of preliminary tests aimed at ensuring that all 
parameters are under control, as well as the measured particle and toluene efficiency for a first 
air cleaner under test. 
 
PREVIOUS WORK 
The method presented in this paper has been used in the past in order to measure the ability of 
air cleaners to arrest particles when they are new and after they have been loaded with 
tobacco smoke (Ginestet et al., 2002). Tobacco smoke loading was used to artificially age the 
air cleaners and to assess their life span. Figure 1 presents the initial fractional efficiency 
(which means by particle size) of 2 different air cleaners (for one of both the main filtration 
mechanism was an electronic filter while for the other the main filtration mechanism was an 
HEPA filter) measured on latex particles between 0.2 and 5 µm. 
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Figure 1. Initial fractional efficiency of 2 different air cleaners. 

 
 
METHOD 
 
Test rig 
A test rig has been erected in order to allow the measurement of the efficiency and the air 
flow rate of the devices under test. A picture of this test rig is given in Figure 2. The test rig is 
mainly composed of a chamber (1.5 x 1.5 x 1.5 m) divided in two parts each connected to an 



upstream and a downstream duct respectively. The upstream duct is connected to a clean 
room which provides clean (free of contaminants) and controlled (temperature and relative 
humidity of air) air flow to the upstream (bottom) part of the chamber. The downstream duct 
allows to air to leave out of the chamber (top) and is connected to a device for air flow rate 
measurement and a fan. 
 
The chamber is divided into 2 airtight parts separated by a wall. The air cleaner under test is 
installed in the chamber in such a way that the inlet of the cleaner is located in the upstream 
part of the chamber while the outlet is located in the downstream part. The fan is used to 
compensate the pressure difference linked to the air cleaner and the test rig and allows to 
maintain the pressure drop of the air cleaner equal to zero. 
 

 
Figure 2. Picture of the test rig. 

 
 
Air cleaners under test 
Two commercially available air cleaners have been used for the study. There are called 
respectively AC1 and AC2 further in the text. The air cleaner called AC1 (Figure 3) uses a 
mechanical prefilter, a fine mechanical filter and a photocatalytic oxidation filter (filters 
installed in series). The air cleaner called AC2 (Figure 4) uses a mechanical prefilter, an 
activated carbon filter and an electronic filter (filters installed in series). The 2 devices have 
their own fan (4 different speeds for AC1 and 3 different speeds for AC2). 
 



 
Figure 3. Air cleaner AC1. 

 
Figure 4. Air cleaner AC2. 

 

 
 
Measurements 
Measurements are carried out when the pressure drop of the air cleaner under test is equal to 
zero. 
 
The air flow rate of the air cleaner under test is measured by direct reading of the value given 
by the device used for that purpose (calibrated vane rotating anemometer). 
 
The efficiency of the air cleaner under test is measured against different contaminants: 
- Particles: PSL spheres (latex). 
- Volatile Organic Compound: toluene. 
- Microorganisms: Bacillus subtilis (bacteria) and Aspergillus niger (fungi). 
- Allergens: Cat allergen, commercial extract, Stallergènes Laboratories. 
 
The contaminants are separately injected in the upstream duct in order to ensure that the 
concentration is maintained constant at the inlet of the air cleaner under test where the 
upstream concentration is measured. The downstream concentration is measured in the 
downstream duct at the outlet of the chamber. 
 
For particles, the fractional efficiency (by particle size) of the air cleaner under test is 
measured on PSL spheres (between 0.2 to 5 µm). Particles are fed into the test rig with the use 
of a Collison type generator fed by compressed air. Air sampled for upstream and downstream 
concentration measurements are analysed by an optical particle counter (PMS Lasair 210) 
which allows to count particles as function of their size. 
 
For toluene, the generation system belonging to LEPTAB, is based on the evaporation of the 
contaminant that is placed as a liquid phase in a stainless steel container which temperature is 
regulated. The evaporation of the organic vapor is maintained by a regulated flux of clean air. 
After few hours, the contamination level of the effluent is stable. The target concentration of 
toluene in the air stream is 100 ppbV. The effluent is then directed to the rig via the injection 
point placed upstream of the chamber. Depending on the flow rate crossing the rig, we 
consider that less than 15 minutes are necessary to replace by contaminated air the upstream 



part of the rig. The final concentration of organic contaminant in the chamber is obtained after 
dilution of the effluent depending of the air cleaner flow rate. 
 
Upstream and downstream gas samples are collected through isokinetic probes. About 260 ml 
of air are collected (7 min. at 37 ml/min) allowing good analytical conditions. The sampling 
scheme is traced on the particles one that is to say: three samples upstream of the air cleaner, 
followed by three samples downstream. For each condition of use of the air cleaner (flow rate, 
activation or not of a specific function) two sequences of downstream measurements are 
framed by three upstream sequences. 
 
The analysis is performed by online injection and cold trap focusing within a gas 
chromatograph for the separation of air constituents followed by Flame Ionization Detection. 
Detection limit is about 10 ppbV for toluene considering our experimental conditions. 
 
The reaction by-products are measured downstream of the air cleaner under test: ozone, 
aldehydes, acids, etc.  
 
Calculations 
The efficiency of the air cleaner (E) is calculated as follows: 
 

Cup
)CdownCup(E −

=  (1) 

 
where Cup represents the concentration of the contaminant measured upstream of the air 
cleaner and Cdown represents the concentration of the contaminant measured downstream. 
The Clean Air Delivery Rate (CADR) is calculated as follows: 
 

QECADR =  (2) 
 
where Q represents the air flow rate of the air cleaner and E its efficiency. The efficiency can 
be either the fractional efficiency at a given particle size or the efficiency on toluene, etc. The 
clean air delivery rate corresponds to a reduction of pollutants in a room to an equivalent 
concentration as would be achieved by adding the same clean air flow rate (free pollutants). 
 
RESULTS AND DISCUSSION 
 
Test rig validation 
For particles, it has been verified that the upstream concentration is constant over time (results 
not presented here). It has also been verified that when there is no air cleaner within the test 
rig there are no significant differences between upstream and downstream concentrations and 
then the efficiency is close to zero (± 5 %, results not presented here). 
 
For toluene, it was necessary to verify that the level of the air stream is low enough not to 
disturb the experiments. The following chromatogram (Figure 5) corresponds to the analysis 
of a blank sampled in the chamber. The toluene peak at 4.91 minutes is equivalent to about 1 
ppbV. Note the presence of low level of benzene (3.11 min) and benzaldehyde (10.41 min) 
that are part of toluene degradation scheme by photocatalysis. 
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Figure 5. Chromatogram for cleanliness of the air stream. 

 
Without any air cleaner dividing the chamber into two parts, we have verified that the toluene 
concentrations deduced from upstream and downstream sampling point were equivalent. This 
experiment has been done with a flow rate of 300 m3/h within the rig (Figure 6). We conclude 
that the concentration of toluene within the rig is spatially and temporally stable at 340 ppbV 
± 10%. 
 
 

Spatial and Temporal stability of Toluene within the rig
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Figure 6. Toluene concentrations as function of time. 

 
Efficiency of the air cleaners 
The results of the measurements of the fractional efficiency of air cleaner AC1 are presented 
in Figure 7. These results show a very good repeatability, as they do not differ when tests are 
repeated several times. Also, the efficiency is a little bit lower when the air flow rate increases 
(from speed 2 (110 m³/h) to speed 3 (240 m³/h)) and this low difference is common for this 
kind of filter. The shape of the curves indicates that the efficiency is almost constant over the 
studied particle size range, which may be due to air leakage around the mechanical filter. This 
hypothesis has been confirmed after the mechanical filter has been tested alone: the results 
indicate that this filter is an HEPA filter (Figure 7). 
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Figure 7. Initial fractional efficiency of air cleaner AC1. 

 
AC1 has been tested for 2 speed of the ventilation system corresponding to two flow rate of 
the air to be treated: 110 (speed 2) and 240 m3/h (speed 3). The same generation parameters 
are fixed for the test of both speeds, consequently there is a factor of about 2.2 between the 
upstream values of toluene concentration. Applying the equation (1) for the calculation of 
efficiency, we obtain 6 % at speed 2 and 5 % at speed 3. 
 
 

AC1 Results
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Figure 8. Toluene concentrations upstream and downstream air cleaner AC1. 

 
 



CONCLUSIONS 
The first measurements made on the test rig itself have shown that all parameters were 
correctly controlled and could be maintained all the test period long. Especially, the particle 
counts and toluene concentrations at the air inlet of the chamber were in good agreement with 
the emission rates of the sources. Moreover, the particle and toluene measurements made at 
the chamber outlet revealed negligible particle deposit and gas adsorption onto the wall 
surfaces of the chamber. The aim of the study was more to check the ability of the 
experimental facility to determine the performance of air cleaners according to the new 
method proposed than to determine the efficiency of the air cleaner tested. However, the 
measurements give interesting trends about the efficiency that can be expected from air 
cleaners tested under these conditions. For instance, the measured efficiency for particles was 
shown to be lower than the filter alone would give due to adverse air pathways within the air 
cleaner. The toluene concentration measurements upstream and downstream the air cleaner 
also revealed a very low efficiency of the photocatalytic reactor, and yet the pollution load 
was low here compared to other standardised test conditions. 
 
Finally, the experimental facility has now to be characterised towards bacteria, fungi and 
allergens in order to fully validate and demonstrate the feasibility of the proposed method. 
Then the air cleaner named AC2 will be tested against particles and toluene and both air 
cleaners will be tested against microorganisms and allergens. Once achieved, it will serve as a 
basis for the definition of a national standard on residential air cleaners performance. This 
standardisation work has begun in France since a working group named "Air cleaner" has 
been officially created in December 2007. Three different committees host this group: 
AFNOR B44A (Photocatalysis), X43i (Indoor Air Quality) and X43c (Air Quality in Work 
Places). An experimental standard is expected to be published by the end of 2009. 
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