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1. Summary 

The purpose of the test was to determine the efficiency of two different air purifiers in reducing the 

concentration of particles from cigarette smoke using a modified ANSI/AHAM AC-1-2015 method. The 

effectiveness of the air purifier was tested against particles with a mean size around 0.1 µm, commonly 

referred to as fine and ultrafine particles. In addition, the efficacy of remove harmful gaseous com-

pounds (volatile organic compounds “VOCs”) was tested.   

 

The test was performed in a 20 m3 non-ventilated test chamber. The efficiency was expressed as a 

value for “Clean Air Delivery Rate” (CADR).  

 

Devices under test were:  

- IQAir HealthPro 250 (“HP”) 

- IQAir GC  

Device fan speed settings were:  

- Top fan speed (Speed 6)  

- Speed 3  

 

The measurands was as follows:  

- Particle Mass concentration (including PM2.5)  

- Particle Number concentration (0.01 – 0.4 µm)  

- Total concentration of volatile organic compounds (TVOC)  

 

The CADR-value was determined as the difference between the natural decay rate, and the relative 

reduction measured during operation of the test unit over a period of 30 minutes. A separate CADR-

value was determined for particle mass and particle number, respectively.   

 

In addition, a separate percentage-wise reduction value was determined for the particle mass concen-

tration, TVOC as well as particle number concentration for different particle size fractions (Table 2) 

 

The air purifiers were tested the 22nd of November 2021 at the Danish Technological Institute.  

 

2. Conclusion 

Table 1 Summary of the air purification test of the IQAir purifiers, HealthPro 250 (“HP”) and GC.  

 

 

Device 
Particle Mass Particle Number TVOC 

CADR [m3/h] Reduction [%] * CADR [m3/h] Reduction [%] * Reduction [%] * 

HP - Speed 6 442 99.81 435 >99.9 67 

HP - Speed 3 187 98.99 167 98.4 61 

GC - Speed 6 421 99.76 407 >99.9 79 

GC - Speed 3 161 98.46 148 97.6 87 

* Calculated reduction in the test chamber 30 minutes after the end of the mixing phase compared with the refer-

ence measurement. 
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Table 2 Summary of the percentagewise reduction-values for different particle size fractions. 

Device 
Particle Size fraction – Reduction [%] * 

64.9 nm 86.6 nm 115.5 nm 154 nm 205.4 nm 

HP - Speed 6 >99.9 >99.9 >99.9 >99.9 >99.9 

HP - Speed 3 97.7 98.3 98.5 98.7 99.1 

GC - Speed 6 >99.9 >99.9 >99.9 >99.9 >99.9 

GC - Speed 3 96.2 97.2 97.7 98.1 99.2 

* Calculated reduction in the test chamber 30 minutes after the end of the mixing phase compared with the 

reference measurement. 

 

The test shows removal of particles as small as 64.9 nm (0.0649 µm). The natural decay for particle size 

fractions smaller than 64.9 nm dropped to zero within the first 30 minutes, hence it was not possible 

to calculate removal efficiencies for these size fractions. 

 

The protocol for testing is elaborated in Section 3 and the results are presented in detail and graph-

ically in Section 5.  

 

3. Procedure 

3.1. The setup 

For the experiments, cigarette smoke was used as a source of particles. The experiments were carried 

out in a 20 m3 test chamber, where the walls were covered with Teflon foil to reduce the adsorption of 

particles and gaseous compounds. The test chamber was airtight and non-ventilated and was there-

fore suitable for testing air purifier efficiency. The air purifier was placed on the floor in the middle of 

the room (See Figure 1 and Figure 2). 

 

 
Figure 1: Left) The tested products: IQAir HealthPro 250 and IQAir GC.   

Right) Schematic overview of test chamber setup. PN = Particle Number Instrument (NANOSCAN). PM = Parti-

cle Mass Instrument (DustTrak). VOC =Volatile Organic Compounds (Tiger). 
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Figure 2. Image of test chamber setup. 

 

3.2. The test procedure 

The test procedure was as follows:   

 

1. The test began with a ventilated test chamber where the background level of particles was 

measured.  

2. When a suitably low background was reached in the chamber, the ventilation was stopped, 

and the smoking phase was initiated.  

3. During the smoking phase three cigarette was smoked, one after the other, using a smoking 

robot over a period of 21-24 minutes. A recirculation fan on low setting was used to circulate 

the air in the test chamber during the smoking phase to ensure a homogeneous mixture. 

4. The smoking phase was immediately followed by a 5-minute period where the cigarette smoke 

was mixed, before the air purifier was turned on. 

5. The air purifier was turned on. This marked the beginning of the 30-minutes product test pe-

riod (Figure 3).  

 

Particle concentration, TVOC, temperature, and humidity data were continuously logged throughout 

the period of the test. 

  

 
Figure 3: Schematic overview of protocol for testing air purifiers against cigarette smoke.  
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Repeating point 1. to 5. the two air purifiers were tested on two different fan speed levels, fan speed 3 

and 6 (Maximum fan speed), respectively. 

 

Reference Measurement: 

To measure the natural decay of particles in the test chamber a reference was measured following the 

same steps as above. Except that no air purifier was turned on (See Figure 4). 

 

 
Figure 4: Schematic overview of protocol for a reference measurement of cigarette smoke. 

 

 

3.3. Calculation of CADR-value1: 

The CADR-value was calculated as described in the method ANSI / AHAM AC-1-2015. A separate CADR 

value is calculated for the total number concentration and the PM2.5 mass concentration. CADR is 

based on the exponential decay rate from each product test and the reference test (natural decay) 

found by regression on the concentration profiles.    

 

In addition, the relative reduction during the 30-minute product test was calculated for the particle 

mass concentration, the total particle number concentration, the different particle size fractions of the 

number concentration, and the volatile organic components. The reduction is calculated as follows:  

 

Reduction =
�Reference − �AirCleaner

�Reference

⋅ 100% 

 

Where C(xxx) denotes the relative reduction in concentration 30 minutes after the end of the smoking 

and mixing period compared to the concentration just after the mixing period. 

 

 
1 According to ”ANSI/AHAM AC-1-2015”, Section 8.2 – 8.4. 
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4. Equipment 

4.1. Particle Number Concentration 

Particle number concentration was continuously measured with a SMPS Nanoparticle Sizer (TSI NA-

NOSCAN 3910). The instrument counts particles in the size range 10-420 nm (0.01 - 0.42 μm) with a 

time resolution of 60 seconds. Most particles coming from cigarette smoke is known to be smaller than 

0.1 µm (100 nm).  

 

4.2. Particle Mass Concentration 

Particle mass concentration was measured continuously with a DustTrak DRX (model 8533, TSI Inc.). 

The instrument measures particle mass in the size range ~ 0.1-15 μm and in the concentration range 

0.001 – 150 mg/m3. The unit measures in the size fractions PM1, PM2.5, PM4, PM10 and PMtotal with 

a time resolution of 10 seconds. The mass determination is based on an optical principle using laser 

diffraction. 

 

4.3. Volatile Organic Compounds (VOC) 

Measurements of the concentration of Volatile Organic compounds (VOC) were performed with a Tiger 

VOC Detector from ION Science. The instrument measures VOC concentration by using photo ioniza-

tion (PID) technology in the range from 0 to 20,000 ppm with a sensitivity of 0.001 ppm. Measured with 

a 10-second time resolution. 

 

4.4. Temperature and Relative Humidity 

Temperature and relative humidity are monitored in the test chamber using a Chauvin Arnoux Air 

Quality Monitor (C.A 1510). 
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5. Results 

The temperature and relative humidity were 22.0 (±1.5) °C and 44 (±15) RH%, respectively, during the 

tests.  

 

The graphical representation of the development in particle mass, total number concentrations, and 

volatile organic compounds are shown in Figure 6, Figure 7, and, Figure 9, respectively. The results are 

shown from the beginning of the smoking phase. The smoking phase is followed by a 5-minute mixing 

phase. Zero time is defined when the air purifier is turned on.  

 

The measurement of particle mass indicates that the PM2.5 fraction accounts for more than 98% of 

the total measured particle mass, hence the calculated efficiency of the air purifier against PM2.5 and 

PMtotal is considered to be the equal. 

 

Regarding the reduction for different particle sizes, for particles smaller than 64.9 nm they were re-

moved through the natural within the 30 minutes of testing. Consequently, the air purifiers effect could 

not be evaluated at for the smaller sizes.For particles with a size of 64.9 nm and larger a positive effect 

of the air purifier was found (see Figure 7 and Figure 8).  

No particles were measured for the two largest particle size fractions (274 nm and 365 nm).  

 

For the volatile organic compounds, an increase is observed in the reference measurement and the 

purifier measurements consist of both decay and a slow increase. The air purifiers do contribute to 

the removal of volatile organic compound, see Figure 9 and Figure 10. 

 

 

Parameter:  

Particle Mass Figure 5 

Particle Number Figure 6 

Particle Size Distribution Figure 7 

Reduction per size fraction  Figure 8 

VOC concentration Figure 9 

VOC reduction Figure 10 

Values for CADR and reduction Table 3  
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Figure 5: Particle mass concentration measured during the product and reference test. An increase is seen during 

the smoking phase, followed by a slow decrease in the mixing phase. The air purifier is stared at t=0 min. The black 

curve represents the reference measurement. The coloured curves represent the measurement with the air pu-

rifiers running on different fan speeds. 

 

 

 
Figure 6: Particle number concentration measured during the product and reference test. An increase is seen 

during the smoking phase, followed by a slow decrease in the mixing phase. The air purifier is stared at t=0 min. 

The black curve represents the reference measurement. The coloured curves represent the measurement with 

the air purifiers running on different fan speeds.  
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Figure 7: Particle size distribution Measured when starting the air purifiers and 30 minutes into the test. 

 

 
Figure 8: The concentration reduction between the reference and the measurements of the active air purifiers for 

the different size fraction of the NANOSCAN measured 30 minutes after the end of the mixing phase. 
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Figure 9: VOC concentration measured over time. An increase is seen during the smoking phase, followed by a 

slow decrease in the mixing phase. The air purifier is stared at t=0 min. The black curve represents the reference 

measurement. The coloured curves represent the measurement with the respective air purifiers running on dif-

ferent fan speeds.  

 

 
Figure 10: VOC reduction over time after the respective air purifiers are tuned on. The colours represent the 

respective air purifiers running on different fan speeds.  
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Table 3: Decay constants from exponential fit as well as the calculated CADR and reduction after 30 minutes. 

Calculated for the two instruments at the two different fan speeds. 

 

 

 

 Particle Mass Particle Number VOC 

 Decay 

constant 

[s-1] 

CADR 

[m3/h] 

Reduc-

tion 30 

min 

 Decay 

constant 

[s-1] 

CADR 

[m3/h] 

Reduction 

30 min 

Reduction 

30 min 

Reference 8.09•10-5   3.27•10-4    

HP - Speed 6 6.23•10-3 442 99.81% 6.36•10-3 435 >99.9% 67% 

HP - Speed 3 2.68•10-3 187 98.99% 2.64•10-3 167 98.4% 61% 

GC - Speed 6 5.92•10-3 421 99.76% 5.98•10-3 407 >99.9% 79% 

GC - Speed 3 2.31•10-3 161 98.46% 2.39•10-3 148 97.6% 87% 
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