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The commercial aircraft cabin is an indoor environment that presents both similar and different 
characteristics of the everyday indoor environments people live in.  Like in homes and offices, the 
airplane interior consists of a mixture of outside and recirculated air. Due to this, needs, such as 
adequate ventilation, clean air, and appropriate temperature/humidity levels, must be 
accomplished while being as energy efficient as possible. This leads to problems that are similar 
across all indoor environments (1). 

The similarities are strong enough that the indoor environments in buildings are seen as a 
potentially valuable research model for studying aircraft cabin air quality. As such, “building-related 
symptoms (BRS)” are used to provide information on air quality by describing nonspecific symptoms 
that are not associated with a well-defined cause but are linked to time spent in a specific indoor 
environment, in this case, the aircraft cabin. Symptoms often include eye, nose, or throat irritation, 
headache, fatigue, or other discomforts. These symptoms are reported as coming from one indoor 
environment, or a part of that environment, and mostly resolve shortly after leaving the noted area 
(1). For years, the focus of aircraft air quality concerns was on the occupational exposures of cabin 
crews, with past investigations finding 21% of surveyed crew members rating overall air quality as 
poor and 50% reporting the aircraft had a distinct, unpleasant odor. However, with the increasing 
numbers of air travelers in the past few decades, focus has shifted to include the safety and comfort 
of both the crew and the passengers, in part due to customer complaints received about cabin air 
quality. A common complaint indicating that passengers find their air travel resulting in “catching a 
cold” (2). 

However, unlike indoor settings such as homes and offices, the aircraft cabin’s high occupant 
density and need for pressurization combine with in-flight environmental characteristics, like low 
humidity, low air pressure, and possible air contaminants, to create a domain in which aircraft 
inhabitants experience increased chances of contaminant exposure. Contaminants, originating from 
either outside the aircraft, inside the aircraft, or from the environmental control system (ECS), enter 
the cabin in various ways, such as carbon monoxide from engine exhaust, ozone (O3) from outside 
air, organic compounds generated by emissions from materials in the cabin and the human body, 
and allergens, pathogens, irritants, and other contaminants brought aboard the aircraft by 
passengers or crew members. Over time, concern about exposure to these various contaminants, 
both chemical and biological, in the aircraft cabin have been expressed by both passengers and 
crew, who use diagnosable diseases and BRS as evidence for their concerns (1). 
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Volatile Organic Compounds (VOCs) 

 Exposure to specific volatile organic compounds (VOCs) is known to be harmful to humans 
and the environment as well as potentially disruptive to the comfort of passengers and crew 
members when onboard an aircraft (3, 4). One main contribution to the presence of VOCs found in 
an aircraft cabin is pollutants from materials used in the construction or maintenance of the cabin, 
such as acetone, ethanol, benzene, toluene, and n-butanol. While there is little evidence to show a 
direct relationship between a documented health problem and the use of these chemicals on an 
airplane, established health connections in other environments and the established presence of 
VOCs in the aircraft cabin create reasonable concern for the safety of aircraft passengers and crew 
(1). Further contribution to key VOCs identified in the aircraft cabin, such as formaldehyde, 
benzene, tetrachloroethylene, naphthalene, trichloromethane and 1,2-dichloroethane, are believed 
to arise from engine combustion, oils, and lubricants, These chemicals have been found in the 
aircraft cabin in quantities high enough to merit priority attention based on the US EPA acceptable 
levels (5). 

Outside of compounds originating from chemical materials, human beings are a source of 
VOCs in indoor environments with several hundred VOCs documented as being introduced to 
surrounding air via exhalation and dermal emissions (6). Besides the more well-known biological 
chemicals produced from humans, microbial volatile organic compounds (mVOCs) are volatile 
chemicals produced by the metabolism of fungi and bacteria and characterized as having distinctive 
odors with negative health effects of eye and upper-airway irritation (1). A recent study looking at 
mVOCs concentrations in the aircraft cabin environment showed the sum of MVOCs in cabin air to 
be 3.7 times higher than in homes (7). 
 
Airborne Particulate 
 

Airborne particulate comprises of coarse particles, those with a diameter over 2.5 μm, fine 
particles, those with a diameter less than 2.5 μm, and ultrafine particles, those with a diameter less 
than 0.1 μm. In the aircraft environment, coarse particles consist of powders, dust, dirt, and hair 
while fine and ultrafine particles are generally products of the combustion of materials such as 
fuels, engine oil, and hydraulic and deicing fluids. Due to their size, coarse particles are deposited in 
the upper respiratory airways and cause coughing, sneezing, and nasal irritation. Fine and ultrafine 
particles are deposited in the lower regions of the respiratory tract deep in the small lung airways 
and, even with limited data available, have been linked to heart rate variability and possible 
coughing (1). For the past 2 decades, studies have shown that particulate matter imparts a negative 
health effect on humans but a recent study from 2019 shows that ultrafine soot particles originating 
from kerosene combustion from the exhaust of a CFM56-7B turbofan, the most used aircraft 
turbine engine globally, can cause irreversible damage to lung tissue when the inhaled particles 
overcome the lung’s normal defense mechanisms (8). 
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Allergens 
 
 One of the two main causes of potential concern involving the effects of travel on human 
health is allergens coming from internal aircraft sources (1). With respiratory infections being 
common in humans, the considerable number of humans who are sensitive to one or more airborne 
allergens, and the overwhelming percentage of allergens originating from aircraft passengers and 
crew, the aircraft cabin has created great concern regarding the spread of airway infections with 
contaminants being shed from clothing and/or skin or expelled from oral, nasal, or rectal orifices (1, 
9). While often seen in lower concentrations, arthropods, specifically dust mites and cockroaches, 
and pets/service animals are other biological sources of allergens. While allergens originate from a 
biological source, it is the presence of airborne particulate, specifically dust, that creates a reservoir 
for these allergen particles to become circulated around the cabin (1). 
 
Pathogens 
 

Infectious agents are the other note-worthy cause of potential concern when looking at the 
effects of travel on human health (1). Travel is a large factor in both the emergence and spread of 
disease (10). With over 3 billion airline passengers annually, the current volume, speed, and reach 
of travel, and the increasing ease and affordability of airline travel, the spread of infectious 
diseases, including emerging infections and pandemics, transmitted during commercial air travel 
are an important public health issue (10,11,12). 
 Pathogens are defined as organisms that can cause disease in their hosts and include 
viruses, bacteria, and fungi. Transmission takes place through the consumption of contaminated 
food and water, by airborne particles, such as dust, droplets, and aerosols, contact between 
animals hosts and people, or by contact with bodily fluids or contaminated surfaces (13). 
Transmission on airplanes is characterized by 3 of the 4 routes mentioned: through close human-
human contact and large droplets; airborne spread through small-particle aerosols, as evident with 
severe acute respiratory syndrome (SARS); or contaminated food. While the added complexity of 
avoiding or distancing oneself from a mobile sick person increases the transmission rate in the 
airplane cabin, the greatest concern globally is the ability of a person with a contagious illness to 
travel to almost any part of the world within 24 hours (12,14). While the studies showing in-flight 
transmission of pathogens, such as the FlyHealthy™ Study, are limited, an essential component of 
understanding the public health risks associated with flying involves identifying and characterizing 
the background microbial communities present both in the air and on common touch surfaces in 
the aircraft cabin. Thus, creating a defined “airplane cabin microbiome” that has large flight-to-
flight variations (12). 
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Ozone 
 
Ozone is an established respiratory irritant (15). Studies have shown that human exposure to 

ozone is strongly associated with adverse respiratory and cardiovascular effects. Short-term 
exposure Is linked to acute symptoms including breathing discomfort, respiratory irritation, and 
headaches in healthy adults and asthma exacerbation and premature mortality in compromised 
individuals. Long-term exposure is linked to chronic symptoms such as increased oxidative stress, 
reduced lung function, and adult-onset asthma in males (16). Pollutants in the ambient air 
surrounding the airplane can be introduced inside the passenger cabin via ventilation air provided 
by the ECS during various times throughout a flight. Ventilation air can be contaminated by high 
ozone concentrations in the upper troposphere or lower stratosphere (1). Ozone can be removed 
from the cabin with the use of a catalytic converter. However, many aircrafts are not equipped with 
converters, and they do not always perform well. Effectiveness can be hindered due to ‘surface 
poisoning’ by contaminants and imperfect refurbishing of catalysts during scheduled replacement 
(15). 
 
Bipolar Ionization 
  
 An ion is a charged atom or molecule that has an unequal number of electrons and protons; 
thus, giving the atom a positive charge if there are more protons than electrons or a negative 
charge if there are more electrons that protons. This results in either a cation (+) or an anion (-). 
Charged atoms/molecules are attracted to oppositely charged atoms/molecules given their energy 
potential. Ions are formed naturally in outdoor environments and the air we breathe (17). The use 
of ions in indoor environments has gained significant interest in the form of air cleaning technology 
using air ionization. Devices that use both negative and positive ions are known as bipolar ionizers 
(18). For the past 10+ years, bipolar ionization devices have been used for particle reduction, odor 
control, pathogen control, and static electricity control. Airflow is used to distribute the charged 
ions into the chosen environment, making ionization different from HEPA filtration in which 
contaminants must make their way into the filter (19). 
 
 Once the charged ions are delivered to the desired environment, they have an effect on 
particles, allergens, VOCs, and pathogens found on surfaces and in the air through different 
processes. One process, called agglomeration, results from oppositely charged ions attracting to 
others. These now heavier molecules will drop out of suspension and onto surfaces or the floor, 
making them less likely to be breathed in (19). While most HEPA filtration is described as removing 
99.97% of airborne particles with a size of 0.3 microns (µm) and larger, there have been multiple 
studies demonstrating the ability of various ionizers to significantly reduce the concentration of 
ultrafine, airborne particles (<0.15 μm) (18, 20). With ultrafine particles’ ability to cause respiratory 
distress, spread pathogens, and transport allergens, the removal of smaller particulate matter is 
multifunctional in air purification (1,13). In a different process, bipolar ionization works to neutralize 
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VOCs and off-gases not removed from the modern air filtration system by breaking down the 
molecules hydrocarbon chains into varying amounts of carbon dioxide and water vapor (19).  
 
 When it comes to microorganisms, various microbial remediation pathways using ions have 
been described. Bipolar ions interrupt the reproductive ability of the organism which immediately 
decreases the spreading capabilities of microbes in the aircraft cabin. Negative and positive ions are 
also able to cluster around the pathogenic particles, such as airborne mold, viruses, bacteria, and 
allergens. While clustered, a chemical reaction occurs in which a hydrogen atom (H) is stolen from 
the cell membrane and an -OH radical is left. This causes holes to form in the cell membrane; thus, 
destroying the organism. Thus, being used to decontaminate both airborne and surface pathogens. 
An important note here is that bipolar ionization does not destroy any DNA in order to kill the 
pathogenic cell (18). This clustering also creates agglomeration as described before (19). Specific 
examples of pathogenic remediation of infectious disease hosts via bipolar ionization that have 
been tested and documented include influenza, SARS-CoV-2, SARS-CoV-2 delta variant, human 
rhinoviruses (HRVs), respiratory syncytial virus (RSV), methicillin-resistant Staphylococcus aureus 
(MRSA), Staphylococcus aureus, Escherichia coli, and Aspergillus niger (21-37). The specific pathway 
causing this reduction of microbes has not been described. 
 
Conclusion 
 

While ionization technology as a disinfection process has been around and studied for 
decades, the lack of peer-reviewed studies solely establishing ions as the source of the decrease in 
viability of pathogens causes doubt in the effectiveness of the technology (38).  Furthermore, there 
is limited research and testing looking at the outcomes of using bipolar ionization specifically in the 
aircraft cabin environment. However, based on reviewing existing research and documentation for 
the efficacy of ionization in parallel indoor environments with respect to the technology’s similar 
effectiveness for ground and aircraft cabin environment applications, there are sufficient research 
and documentation to provide the evidence needed to draw conclusions about the efficacy of 
bipolar ionization in purifying the air and surfaces and neutralizing/reducing pathogens throughout 
the aircraft. After reading the published research surrounding this topic, it is my opinion that ACA’s 
ionization component provides constant decontamination of the aircraft interior without impacting 
the cabin’s pre-existing ozone level (39-40); thus, addressing concerns expressed by both 
passengers and crew. 
 
 
 
 
 
 



Nature to the Rescue: Aircraft Cabin Exposures vs. Bipolar Ionization – January 2023 
Dr. Brianna Chilton 

 
REFERENCES 

 
(1) National Research Council (US) Committee on Air Quality in Passenger Cabins of Commercial 

Aircraft. (2002). The Airliner Cabin Environment and the Health of Passengers and Crew. 
Washington (DC): National Academies Press (US). Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK207483/ 

(2) Lee, S.C., et al. (1999). Indoor Air Quality Investigation on Commercial Aircraft. Indoor Air 
9(3):180-187. doi: 10.1111/j.1600-0668.1999.t01-1-00004 

(3) Hien, V.T.D., et al. (2019). An overview of the development of vertical sampling technologies for 
ambient volatile organic compounds (VOCs). Journal of Environmental Management. 247:401-
412. doi: 10.1016/j.jenvman.2019.06.090 

(4) Yin, Y., et al. (2021). Influencing factors of carbonyl compounds and other VOCs in commercial 
airliner cabins: On-board investigation of 56 flights. Indoor Air. 31:2084– 2098. doi: 
10.1111/ina.12903 

(5) Yin, Y., et al. (2022). Identification of key volatile organic compounds in aircraft cabins and 
associated inhalation health risks. Environmental International. 158. doi: 
10.1016/j.envint.2021.106999 

(6) Wang, N., et al. (2022). Emission Rates of Volatile Organic Compounds from Humans. 
Environmental Science & Technology. 56(8):4838-4848. doi: 10.1021/acs.est.1c08764 

(7) Korpi, A., et al. (2009). Microbial Volatile Organic Compounds. Critical Reviews in Toxicology. 
39(2):139-193, doi: 10.1080/10408440802291497 

(8) Jonsdottir, H.R., et al. (2019). Non-volatile particle emissions from aircraft turbine engines at 
ground-idle induce oxidative stress in bronchial cells. Communications Biology. 2,90. doi: 
10.1038/s42003-019-0332-7 

(9) Fu, X., et al. (2016). Respiratory Illness and Allergy Related to Work and Home Environment 
among Commercial Pilots. PLoS ONE. 11(10):e0164954. doi: 10.1371/journal.pone.0164954 

(10) Wilson, M.E. (1995). Travel and the emergence of infectious diseases. Emerg Infect Dis. 1(2):39–
46. doi: 10.3201/eid0102.950201 

(11) Mangili A, Gendreau MA (2005) Transmission of infectious diseases during commercial air travel. 
Lancet 365(9463):989–996. https://doi.org/10.1016/s0140-6736(05)71089-8 

(12) Weiss, H., Hertzberg, V.S., Dupont, C. et al. The Airplane Cabin Microbiome. Microb Ecol 77, 87–
95 (2019). https://doi.org/10.1007/s00248-018-1191-3 

(13) Janik, E., et al. (2020). Dangerous Pathogens as a Potential Problem for Public Health. Medicina 
(Kaunas). 56(11):591. doi: 10.3390/medicina56110591 

(14) Pavia, A.T. (2007). Germs on a Plane: Aircraft, International Travel, and the Global Spread of 
Disease. The Journal of Infectious Diseases. 195(5):621–622. doi: 10.1086/511439 

(15) Bekö, G., et al. (2015). Impact of cabin ozone concentrations on passenger reported symptoms 
in commercial aircraft. PLoS ONE. 10(5):e0128454. doi: 10.1371/journal.pone.0128454 

(16) Nazaroff, W. & Weschler, C. (2010) Ozone in Passenger Cabins: Concentrations and Chemistry. 
National Air Transportation Center of Excellence for Research in the Intermodal Transport 
Environment (RITE). Accessed on December 13, 2022. 
https://www.faa.gov/data_research/research/med_humanfacs/cer/media/OzonePassengerCabi
ns.pdf 

(17) Krueger, A.P. & Reed, E.J. (1976). Biological impact of small air ions: Despite a history of 
contention, there is evidence that small air ions can affect life processes. Science. 
193(4259):1209-1213. doi: 10.1126/science.959834 

https://www.ncbi.nlm.nih.gov/books/NBK207483/


Nature to the Rescue: Aircraft Cabin Exposures vs. Bipolar Ionization – January 2023 
Dr. Brianna Chilton 

(18) EPA. “What is a HEPA filter?” Indoor Air Quality. 26 April, 2022. Accessed on December 13, 2022. 
https://www.epa.gov/indoor-air-quality-iaq/what-hepa-filter 

(19) Tierno, Jr., P.M. (2017). Cleaning Indoor Air using Bi-Polar Ionization Technology. New York 
University School of Medicine. 

(20) Pushpawela, B., et al. (2017). Efficiency of ionizers in removing airborne particles in indoor 
environments. Journal of Electrostatics. 90:79-84. doi: 10.1016/j.elstat.2017.10.002 

(21) Innovative Bioanalysis. (2020). Influenza A & B Viral Reduction Through Ionization. Accessed on 
December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(22) Innovative Bioanalysis. (2022). Efficacy of the GPS-FC48-ACTM Against Aerosolized Influenza A. 
Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS-FC48-
Influenza-A-Report-Final-DS.pdf 

(23) Innovative Bioanalysis. (2022). Efficacy of the GPS-FC48-ACTM Against Aerosolized Influenza B. 
Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS-FC48-
Influenza-B-Report-Final-DS.pdf 

(24) Innovative Bioanalysis. (2020). SARS – CoV – 2 Neutralization by Needlepoint Bipolar Ionization, 
Powered by GPS. Accessed on December 13, 2022. https://www.aviationcleanair.com/testing-
results.html 

(25) Innovative Bioanalysis. (2020). SARS–CoV–2 Neutralization by Needlepoint Bipolar Ionization, 
Powered by GPS NPBITM Technology. Accessed on December 13, 2022. 
https://www.aviationcleanair.com/testing-results.html 

(26) Innovative Bioanalysis. (2021). High Viral Load SARS-CoV-2 Viral Reduction Through Ionization. 
Accessed on December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(27) Innovative Bioanalysis. (2022). Efficacy of the GPS-FC48-ACTM Against Aerosolized SARS-COV-2. 
Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS-FC48-18k-Ion-
Report-Final-DS.pdf 

(28) Innovative Bioanalysis. (2022). SARS-CoV-2USA-CA1/2020 Neutralization by GPS FC48-AC (FC48). 
Accessed on March 8, 2023. https://gpsair.com/uploads/customer-resources/Resource-
Library/GPS_SARS-CoV-2-Surface.pdf 

(29) Innovative Bioanalysis. (2022). SARS-COV-2USA-CA1/2020 Neutralization by GPS iMOD® (iMOD). 
Accessed on March 8, 2023. https://gpsair.com/uploads/customer-resources/Resource-
Library/GPS_SARS-Cov-2-Surface-2.pdf 

(30) Innovative Bioanalysis. (2022). Efficacy of the GPS-FC48-ACTM Against SARS-COV-2 Delta Variant. 
Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/SARS-CoV-2-Delta-
Final-DS.pdf 

(31) Innovative Bioanalysis. (2020). Rhinovirus Viral Reduction Through Ionization. Accessed on 
December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(32) Innovative Bioanalysis. (2022). Efficacy of the GPS-FC48-ACTM Against Respiratory Syncytial Virus 
(RSV). Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS-FC48-
RSV-Report-Final-DS.pdf 

(33) Innovative Bioanalysis. (2022). Methicillin-Resistant S. aureus on Surface Efficacy Testing. 
Accessed on March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS_MRSA.pdf 

(34) Innovative Bioanalysis. (2022). Staphylococcus aureus on Surface Efficacy Testing. Accessed on 
March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS_Staph.pdf 

(35) Innovative Bioanalysis. (2020). ESCHERICHIA COLI Reduction Through Ionization. Accessed on 
December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(36) Innovative Bioanalysis. (2022). Escherichia coli Suspension Surface Efficacy Testing. Accessed on 
March 8, 2023. https://gpsair.com/uploads/pages/test-reports/GPS-E.Coli-Report-Final.pdf 



Nature to the Rescue: Aircraft Cabin Exposures vs. Bipolar Ionization – January 2023 
Dr. Brianna Chilton 

(37) Innovative Bioanalysis. (2020). ASPERGILLUS NIGER Reduction Through Ionization. Accessed on 
December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(38) Kanesaka, I., et al. (2022). Evaluation of a bipolar ionization device in inactivation of 
antimicrobial-resistant bacteria, yeast, Aspergillus spp. and human coronavirus. J Hosp Infect. 
126:16-20. doi: 10.1016/j.jhin.2022.04.004 

(39) Aviation Clean Air. (2019). Surface and Air Purification Component Ozone Emission Test Report. 
Accessed on December 13, 2022. https://www.aviationcleanair.com/testing-results.html 

(40) Schuldt, P. (2021). Use of Needlepoint Bi-polar Ionization (NBPI) Products – Memorandum for 
Record. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
About the Author 
Brianna Chilton, PhD is a scientific communications consultant whose work focuses principally 
on oncology and applied microbiology. She is a graduate of the Applied and Environmental 
Microbiology program at Georgia State University. Her training focused on industrial 
microbiology, microbial remediation, and therapeutic agent development. She is an extrovert 
who cultivated her scientific communication skills in a fellowship focused on the art of 
storytelling complex scientific subject matter.  


