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Background

Zhang, J., Shen, J., Gao, Z., 2022. Managing IAQ at Multiple Scales: From Urban to Personal Microenvironments. Handbook of Indoor Air Quality 2022:1–42.

IAQ and air cleaning technologies

Indoor air quality (IAQ) is vital to human health, comfort, 

productivity, and wellbeing.

Air cleaning technologies:

• Filtration

• Sorption

• Ionization

• Oxidation

• UVGI

• …

(Zhang et al., 2022)

Transmission of SARS-CoV-2
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Background

Trane Technologies, A Taxonomy of Air-Cleaning Technologies Featuring Bipolar Ionization, 2021.

Airiusfans. Ionization/plasma air purification technology improve indoor air quality. Airiusfans.com. 2022.

In-duct needlepoint bipolar ionization technology 

Air ions:

• attachment to particles → charge particles

• contact with a surface

• recombination with other ions

• reaction with gaseous molecules 

Commercially available needlepoint bipolar ionization devices:

• Generation of positive and negative air ions

• Charging particles for removal

• Inactivation of pathogen-laden particles

• Low ionization voltage (< 12V) to minimize the release of ozone and 

other byproducts

Typical configurations of induct bipolar ionizers:

• Single-pair portable unit

• Multi-pair portable unit

• Multi-pair ionizing bar

(Airiusfans, 2022)

Commercially available induct 
needlepoint bipolar ionizers



Methodology

Operation conditions

Tested bipolar ionization configurations:

• Configuration A (Ionizer A): Ionizing bar (4 bars), 34 pairs of +/- poles 

→ mounted on a MERV 8 filter

• Configuration B (Ionizer B): Multi-pair portable unit, 6 pairs of +/- poles

Tested duct (to simulate a realistic AHU):

• A blower system placed in the chamber (a metal box/duct with a 

controllable blower fan at the inlet)

• A MERV 8 filter installed at the outlet (with the I-A mounted at the 

upstream side)

• I-B installed 0.25m upstream of the filter

• Q = 505 m3/h during the tests

Full-scale environmental chamber with real-scenario office settings:

• Full-scale stainless-steel chamber in BEESL

• A full-scale single office built inside the chamber (3.5 × 3.0 × 2.7 m)

• Carpet, painted gypsum wallboard, table, partitions, heated manikin with 

soiled T-shirt

• Airflow rates: airtightness 0.01 ACH; low airflow Q = 24.0 m3/h (minimal 

value by ASHRAE), high airflow Q = 55.6 m3/h

• Two mixing fans



Methodology

Operation conditions

Particle injection: 

• 8-jets nebulizer 

• Purified clean air + salt solution

• Nominal injection airflow rate = 18 L/min 

• Maintaining the steady-state PM2.5 below 100 – 200 μg/m3 (close to 

the worst-case indoor concentration)

VOC (formaldehyde and toluene) injection:

• Dynacalibrator (VICI Metronics, Inc.) 

• Formaldehyde and toluene permeation tubes used

• Target background level of 39.3 μg/m3 for HCHO and 189.6 μg/m3 for 

toluene

Heated manikin with soiled T-shirt (skin oil):

• A freshly cleaned T-shirt worn by a volunteer overnight prior the test day

• Manikin maintained at 33.9 degC

• Summer clothes (T-shirt + long trousers), 0.43 clo



Methodology

Measurements 

Monitors:

• Particles: APS,

• Ozone: 2B Tech Ozone monitor,

• VOCs: DNPH and Sorbent samples (HPLC and GCMS), 

PTRMS for background VOC level (w/ injection)

• CO2: Gas Monitor and HOBO CO2 logger

• Negative ion: Air ion counter

Sampling location: 

Exhaust of the room (return air)

Procedure 

Decay (“pull-down”) tests 

Constant-source tests



Methodology

Data analysis 

Single-zone model

Decay tests

Clean air delivery rate (CADR) and single-pass removal efficiency (SPRE)

𝜆𝐶𝑖𝑛 = 𝜆𝐶𝑜𝑢𝑡 − 𝑘𝑑𝑒𝑝𝐶𝑖𝑛 +
𝐸

𝑉



Results & Discussions

Particle removal performance 

Decay tests

Airtightness: ACH = 0.01 /h

The combined use of ionizers (A and B) and MERV 8 filter showed 

an absolute increase on SPREPM by about 6-7.4%

The ionizer B alone (i.e., without the MERV 8 filter) provided very 

limited particle removal efficiency (3.8%). 



Results & Discussions

Particle removal performance 

Constant-source tests

Filter Filter + I-A → Individual I-A

SPREPM 1.0 – 1.6% 7.2 – 10.4% → 4.9 – 13.6%



Results & Discussions

Particle removal performance 

Particle size distribution

MERV 8 filter removed larger particle more efficiently 

I-A and I-B alone removed smaller particles more readily 

When integrated with the filter, ionization can improve the particle 

efficiency considerably for greater particles. 

→ It is preferred to apply ionizers in the air duct integrated with the 

filter rather than using the ionizer independently



Results & Discussions

Byproduct formation – Air ions 

Adverse effects on cardiovascular health were observed when 

people were exposed to 13×103 #/cm3 and 60×103 #/cm3 level 

of airborne negative ions in literature 

→ Maintaining the indoor air ion at a relatively healthy level

I-A released negative ions to indoor air at a rate between 

5.1×1011 and 9.8×1011 #/h (with filter)

I-B generated negative ions at a rate of 5.4×1013 #/h (w/t filter) 

and 1.3×1012 #/h (w/ filter), indicating a significant reduction of 

97.6% through the filter

→ Filter (at downstream) can remove most air ions (almost 

100% drop of air ions through MERV 11-12 filters in literature)

Negative ions were decomposed very quickly in the fully mixed 

space

W. Liu, J. Huang, Y. Lin, C. Cai, Y. Zhao, Y. Teng, J. Mo, L. Xue, L. Liu, W. Xu, X. Guo, Y. Zhang, J. Zhang, Negative ions offset cardiorespiratory benefits of PM2.5 reduction from residential use of negative ion air purifiers, Indoor Air. 

W. Dong, S. Liu, M. Chu, B. Zhao, D. Yang, C. Chen, M.R. Miller, M. Loh, J. Xu, R. Chi, X. Yang, X. Guo, F. Deng, Different cardiorespiratory effects of indoor air pollution intervention with ionization air purifier: Findings from a randomized, 

double-blind crossover study among school children in Beijing, Environ. Pollut. 254 (2019) 113054



Results & Discussions

Byproduct formation – Ozone

Slight ozone increase/generation during decay tests (ACH = 

0.01 /h)

• I-A + filter: 0.39 mg/h

• I-B + filter: 0.63 mg/h 

• I-B: 0.92 mg/h

No ozone generation detected during constant-source tests 

(realistic scenarios) Ozone concentrations in decay test
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VOC removal and formation

The variation of VOC concentrations before/after 

using ionizers were within the background 

fluctuation (PTRMS data)

No VOC removal or formation were detected 
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Electric power (measured by a power line meter)

I-A: 0.4 W 

I-B: 1.0 W

Typical power of portable air cleaners: 56 W (median)

→ Power / CADRPM : 

I-A: 0.006 – 0.016 W/(m3/h)

I-B: 0.033 – 0.052 W/(m3/h)

Typical portable air cleaners: 0.15 W/(m3/h)

→ Moderate particle removal efficiency, no significant byproduct formation, low energy use, (price of ionizer?)

B. Zhao, Y. Liu, C. Chen, Air purifiers: A supplementary measure to remove airborne SARS-CoV-2, Build. Environ. 177 (2020) 106918.



Conclusions

1. With the application of ionizer, the equivalent SPREPM increased from 1.0-1.7% for the regular MERV 8 filter 

to 7.2-10.4% for the combined ionizer A/B and filter assembly

2. Most ions generated by the ionizer were trapped/captured by the filter 

3. No significant ozone and VOC generated under realistic scenarios

4. No VOC removal

5. Cost and efficacy: Moderate particle removal efficiency, but low energy use 
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