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AbƐƚƌacƚ 
The COVID-ϭϵ pandemic, has led to questions regarding the potential risk of SARS-CoV-Ϯ exposure, 
which may lead to transmission, amongst passengers on an aircraft, and the safety of travelers. It is 
difficult to determine the potential exposure risk using available computational fluid dynamics models or 
contact tracing methods, due to the lack of experimental validation of aerosol transport in the aircraft 
environment and the lack of detailed tracking of human interactions in aircraft. Using fluorescent 
aerosol tracers between ϭ-ϯ ђm and real time optical sensors, coupled with DNA-tagged tracers to 
measure aerosol deposition, we completed the largest aircraft aerosol experimental validation testing to 
date, with ϴ days of testing involving both inflight and ground tests on Boeing ϳϳϳ-ϮϬϬ and ϳϲϳ-ϯϬϬ 
airframes.  

Tracer aerosols were released from a simulated infected passenger, in multiple rows and seats, to 
determine their risk of exposure and penetration into breathing zones of nearby seats. In particular, 
penetration into the breathing zones of passengers seated in the same row and in numerous rows in 
front and back of the source were measured. Over ϯϬϬ aerosol release tests were performed repeatedly 
releasing ϭϴϬ,ϬϬϬ,ϬϬϬ fluorescent tracer particles from the aerosol source ;simulated virus aerosolͿ, 
with ϰϬн Instantaneous Biological Analyzer and Collector ;IBACͿ sensors placed in passenger breathing 
zones for real-time measurement of simulated virus particle penetration. In total, more than ϭϭ,ϱϬϬ 
breathing zone seat measurements were taken with releases in ϰϲ seats of the airframes.  

Results from the Boeing ϳϳϳ-ϮϬϬ and ϳϲϳ-ϯϬϬ airframes showed a minimum reduction of ϵϵ.ϳй of ϭ ђm 
simulated virus aerosol from the index source to passengers seated directly next to the source. An 
average ϵϵ.ϵϵй reduction was measured for the ϰϬн breathing zones tested in each section of both 
airframes. Rapid dilution, mixing and purging of aerosol from the index source was observed due to both 
airframes’ high air exchange rates, downward ventilation design, and HEPA-filtered recirculation. 
Contamination of surfaces from aerosol sources was minimal, and DNA-tagged ϯ ђm tracers agreed well 
with real-time fluorescent results. Transmission model calculations using the measured aerosol 
breathing zone penetration data indicates an extremely unlikely aerosol exposure risk for a ϭϮ hour 
flight when using a ϰ,ϬϬϬ virion/hour shedding rate and ϭ,ϬϬϬ virion infectious dose.  

IŶƚƌŽdƵcƚiŽŶ Θ BackgƌŽƵŶd 
United States Transportation Command ;USTRANSCOMͿ, The Defense Advanced Research Project 
Agency ;DARPAͿ and Air Mobility Command have sponsored testing efforts to better understand aerosol 
particle distribution from potentially infected passengers within the passenger compartment on 
commercial aircraft. Information gained from such testing will be used to inform USTRANSCOM in its 
COVID-ϭϵ risk reduction planning for Patriot Express flights.  

In August ϮϬϮϬ, the team brought together instrumentation to implement testing of a large series of 
aerosol tracer releases simulating a passenger who may be COVID-positive on ϳϲϳ-ϯϬϬ and ϳϳϳ-ϮϬϬ 
airframes. The tests were designed to measure the relative aerosol penetration within passenger 
breathing zones in neighboring seats and rows from the simulated infected passenger. The tests were 
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also designed to measure passenger breathing zone aerosol concentration distributions at different 
sections of the airframes and with the simulated infected passenger seated at various locations. 

The process provided a real-time method for mapping tracer particle concentration for passenger 
breathing zones in four sections of the ϳϳϳ-ϮϬϬ and three sections for the smaller ϳϲϳ-ϯϬϬ. Over ϯϬϬ 
aerosol releases were performed in eight days. Testing for each airframe included terminal loading and 
unloading simulations, simulated inflight conditions in a hangar ;with more seats and replicates then are 
possible during inflight testingͿ, and then two days of inflight testing at altitude ;ΕϯϱϬϬϬ ftͿ. DNA-tagged 
aerosol tests were also performed along with surface sample collections to evaluate aerosol deposition 
and potential fomite risk. 

The main objectives of these tests were to collect aerosol data sets for COVID-ϭϵ risk analysis for 
USTRANSCOM planning especially with respect to determining the optimal capacity of flights, 
determining relative risk under different seating configurations, optimizing strategies for boarding and 
deboarding, and to determine what contact tracing requirements might be necessary in the event that a 
passenger tests positive soon after landing. Additionally, there was an added benefit to assembling a 
data package that was shareable with the scientific community at large, to encourage analysis by other 
parties including validation of computational fluid dynamics and other transmission models. 

This report will give a background on the tests performed, results, some transmission model calculations 
using the aerosol dispersion data, and troop transport recommendations.   This report is pending 
submission to a scientific journal for peer review and publication.  USTRANSCOM is releasing this report 
before peer review, recognizing the need for timeliness of this information to the public.  Reliance on 
the data and the scientific methods used to derive the data are at the risk of the user. 

MeƚhŽdŽlŽgǇ  
The test process involves the use of tracer aerosols and two types were used in the commercial airframe 
tests: ϭ ђm fluorescent microspheres and ϯ ђm DNA-tagged microspheres. Discrete fluorescent particle 
counters were used for real-time aerosol sampling and selective detection of the fluorescent tracer 
particles. For the effort, ϰϮ IBAC sensors were loaned from the DHS Science Θ Technology Directorate 
and the National Guard Bureau Weapons of Mass Destruction Civil Support Teams, in coordination with 
MIT-Lincoln Laboratory and LϮ Defense respectively.  

Viƌal SheddiŶg aŶd IŶfecƚiŽƵƐ DŽƐe 
SARS-CoV-Ϯ viral shedding numbers in literature vary, with no definitive answer on the number or size of 
particles an infected patient releases. Liu et. al ;ϮϬϮϬͿ determined that for SARS-CoV-Ϯ aerosol 
collections in a clinical setting, viral RNA concentrations are maximum in a distinct bimodal distribution 
with one peak between Ϭ.ϱ and ϭ ђm, and the other above Ϯ.ϱ ђm, leading to the tracer sizes utilized 
here ;ϭ and ϯ ђmͿ. 

Santarpia, et al. ;ϮϬϮϬͿ, using Sartorius gel filtration collectors found maximum evidence of viral 
shedding for a normal ;non-nasal cannula ventilatedͿ patient was ϴ.ϯϯϵ genomic copies of virus per liter 
of air. Lednicky, et. al. ;ϮϬϮϬ preprintͿ collected an estimated maximum ϳϰ viable virus per liter of air in 
a patient’s hospital room using an aerosol collector and a median tissue-culture infectious dose ;TCIDϱϬͿ 
assay, with an average of ϯϭ.Ϯϱ viable virus count per liter of air. However, the assumptions necessary to 
derive aerosol production from these measurements become difficult to justify. Given these limitations, 
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it is more reasonable to look at aerosol production by people infected with other human coronaviruses. 
Leung et al. ;ϮϬϮϬͿ collected aerosol, droplet and diagnostic samples from individuals infected with ϯ 
human coronaviruses, as well as other respiratory diseases both while wearing and not wearing surgical 
masks. Their findings indicate that aerosol production by infected individuals range from Ϭ to ϭϬϱ 
genome copies in a ϯϬ minute time period. Most means were near zero, but one coronavirus ;NLϲϯͿ had 
a mean between ϭϬϯ and ϭϬϰ. This is consistent with what might derived from Santarpia et al., ϮϬϮϬ and 
Lednicky, et al., ϮϬϮϬ if the concentrations measured in the rooms were consistent with concentrations 
in the exhaled breath of the individuals in that room at average human tidal volumes and breathing 
rates. 

The number of droplets generated via various human movements ;coughing, talking, breathing, etcͿ 
varies based on methodology and sample. Morawska et. al. ;ϮϬϬϵͿ examined aerosol formation between 
Ϭ.ϯ and ϮϬ ђm, and found concentrations of ϭϬϬ to ϭϭϬϬ for particles per liter, when ranging from 
typical breathing to continued vocalization. Gupta, et. al. ;ϮϬϭϭͿ, reviewing multiple articles to 
determine source terms for inputs into airplane modeling, found estimates of approximately ϭϬϯ 
particles per liter of air, utilizing ϱϮϱ per breath. Coughing was shown to generate an average droplet 
mass of Ϯ.Ϯ mg, with ϵϵй of the droplets фϭϬ ђm, and the majority smaller than Ϭ.ϱ ђm. The total 
number concentration was approximately ϭϬϳ droplets, and increased above age ϱϬ ;Zayas, et. al. ϮϬϭϮͿ. 
Since this analysis is focused on those travelers who do not have significant symptoms, breathing is 
focused on more strongly than coughing.  

Similarly, infectious dose studies are currently lacking, given the recentness of the outbreak, a lack of 
human volunteers ;with safe, approved studiesͿ, and only recent improvements in animal and exposure 
models. The range in literature estimates varies from ϯϬϬ to several thousand infectious virus to cause 
an infection ;Basu, ϮϬϮϬ; Schröder, ϮϬϮϬͿ. 

FlƵŽƌeƐceŶƚ Tƌaceƌ AeƌŽƐŽl DeƚecƚiŽŶ 
The team utilized a suite of Instantaneous Biological Analyzer and Collector ;IBAC, FLIR SystemsͿ discrete 
particle detectors that simultaneously measures an airborne particle’s elastic scatter and intrinsic auto-
fluorescence at an excitation wavelength of ϰϬϱnm. The sensor has been deployed since ϮϬϬϲ for Ϯϰ/ϳ 
facility protection applications as an early warning component to biodefense monitoring architectures. 
The IBAC is capable of utilizing two fluorescence channels, one for biological aerosols and the other for 
fluorescent tracer aerosol detection.  

For the airframe tests, Fluoresbrite Plain yellow-green ;YGͿ polystyrene latex ;PSLͿ microspheres 
;PolysciencesͿ sized at ϭ ђm were used with intrinsic fluorescence orders of magnitude more intense 
than naturally-occurring particles. The resulting backgrounds in a test environment ;including airframesͿ 
is negligible ;фϱ particles per liter of air ;plaͿ, or ϭϬϬ particles over a ϲ minute integrated testͿ. 

The instrument samples at ϯ.ϱ liters per minute ;lpmͿ, and reports tracer concentrations per second 
;convertible to per literͿ, by counting individual particles and filtering the exhaust, so that they are 
removed from the test after sampling. Prior to the airframe tests, the ϰϮ IBACs were calibrated against a 
referee IBAC and the fluorescent particle tracer counts were matched to within an average variance of 
цϭϬй, with over ϯϰ of the sensors within ϱй. IBAC sensors, as setup to sample within the breathing zone 
;Figure ϭͿ were primarily in individual seats surrounding a test release. 
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The IBAC sensors have been used to characterize exposure risk and real-time spatiotemporal aerosol 
dispersion mapping of indoor environments such as subway systems, airports, skyscrapers, large 
building complexes, critical infrastructure facilities, commercial aircraft and numerous other types of 
buildings. IBAC sensors have been used for fluorescent tracer particle dispersion tests in numerous 
government, research, and clinical settings ;DeFreez, ϮϬϬϵ Θ de Sousa et al., ϮϬϮϬͿ.  

   

 

FigƵƌe ϭ͗  IBAC ƐenƐoƌƐ ǁiƚh eǆƚended inleƚƐ and ƚƌiƉod moƵnƚed manneƋƵin ǁiƚh inƚegƌaƚed aeƌoƐol geneƌaƚion 

DNAͲTagged MicƌŽƐƉheƌeƐ 
Streptavidin-coated PSL microspheres sized at ϯ ђm ;Bangs LaboratoriesͿ were tagged with four unique 
ϱ’-biotynlated DNA fragments. We designed each fragment, ϭϳϬ base pairs in length, to be non-coding 
and completed a BLAST search to ensure that they did not match existing natural sequences. 
Complimentary quantitative real-time polymerase chain reaction ;qRT-PCRͿ assays were designed for 
detection ;IDT Inc.Ϳ targeting a ϲϬΣC extension and anneal step.  

Binding of biotinylated DNA occurred per the manufacturer’s protocol, scaled to a ϯ mL production 
volume, with the test particles washed five times via centrifugation at ϭϬ,ϬϬϬ rpm to ensure removal of 
any unbound DNA.  

Standard curves were developed for each oligo and tracer dilutions to inform resulting collections and 
quantify the number of beads, using a ϰϬ cycle ϵϱΣC melt, and ϲϬΣC anneal and extension protocol on a 
QuantStudio ϯ ;ThermoFisher IncͿ. All samples were run in triplicate, with dilutions of positive and 
negative controls in parallel, and each oligo using a uniform threshold for detection. No cycle threshold’s 
;CtͿ above background negative controls were accepted, and at least two of three replicates were 
required to be positive for analysis. 

AeƌŽƐŽl aŶd SƵƌface CŽllecƚiŽŶ 
DNA-tagged tracers were collected at ϱϬ liters per minute onto gelatin filters using an Airport MDϴ 
aerosol sampler ;SartoriusͿ, which operated for fifteen minutes, and collects ϵϵ.ϵϵϵϱй of particles 
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;Parks, ϭϵϵϲͿ. Gel filters are extracted into ϭϱ mL of deionized water, vortexed for ϯϬ seconds, and 
diluted ϭ:ϭϬ in nanopure water for PCR analysis. A total of five high volume air collectors were utilized, 
distributed near release rows and in the galley. 

Surface coupons were made of ϴ.ϴϵ cm long, Ϯ.ϱϰ cm wide ;Ϭ.ϲ mm thickͿ stainless steel taped using 
new ϭ.Ϯϳ cm painters tape, leaving a total area of ϭϲ.ϭϯ cmϮ exposed during a test release. These 
coupons were aseptically collected into ϱϬ mL conical tubes, suspended using deionized water ;ϭϬ mLͿ, 
vortexed for ϯϬ seconds, with this extraction solution utilized for PCR. In between tests, areas were 
wiped using DNAaway and deionized water to remove any carryover between tests. Coupon locations 
targeted common touch surfaces including arm rests, tables, and seatbacks ;Figure ϮͿ.  

 

Figure 2. Example coupon locations highlighted in red. Left: Economy seat. Right: First class seat. 

DNA-tagged beads were released in flight from three ;ϳϲϳͿ locations ;forward, mid-forward, and aftͿ or 
four ;ϳϳϳͿ locations ;forward, mid-forward, mid-aft, and aftͿ, with surface coupons dispersed near the 
release seats, to look at fomite risk from a sick passenger due to aerosol particulate. Testing was 
completed in triplicate and averaged. In each case, PCR data was converted into a number of beads per 
mL of solution based on the qPCR standard curves. We then convert this concentration to a total 
number of beads based on the volume of the sample and the dilution. Comparing the number of beads 
collected at a given aerosol collector to the total number released based on the chamber 
characterization, gives a percentage of the total number of beads captured at each location.  

In the case of surface samples, where the number of beads is per unit area, the percentage of beads 
captured at each location is based on a larger ϭ square foot standard surface area. 

NebƵliǌaƚiŽŶ 
The team generated tracer particles using either a Devilbiss Traveler ;DNA-tagged tracerͿ or Devlibiss 
PulmoMate ;fluorescent tracerͿ. DNA-tagged beads were generated for five minutes to examine 
deposition on nearby surfaces, whereas the fluorescent tagged microspheres were generated for one 
minute in a breathing pattern using a timing circuit for Ϯ seconds on and Ϯ seconds off. The output of 
the nebulizer cup ;Hudson Micro MistͿ is plumbed through a tripod mounted mannequin head ;Figure 
ϭͿ, and reaches a velocity of ϭ.ϰϯ m/s at the mannequin’s lips. The mannequin was used specifically to 



ϭϬ 
 

allow for control of velocity of output air, the location of a release in the breathing zone, and to 
incorporate testing of a facemask using anatomically correct facial features and fit. 

For the ϳϲϳ-ϯϬϬ inflight tests, additional measurements of simulated coughs were performed. To 
achieve this the mannequin was equipped with a mouth insert that increased the exit velocity of the 
aerosol to ϭϮ.ϴϰ m/s. Although it was not a simulation of a complete distribution of cough aerosol 
spanning from submicron aerosol to hundreds of micron diameter droplets it did provide a 
representation of ϱ micron diameter or less droplets.  

MaƐk ChŽice 
Given the range of mask choice available, the team chose to focus on surgical masks, which are the most 
likely to be handed out when other masks are not available, or not brought by a traveler. A recent 
survey suggests that in the US, cloth masks were most commonly worn at least weekly by participants at 
ϳϱй, but surgical masks were next most common at ϱϳй of participants engaging in weekly use 
;McKinsey Θ Company, ϮϬϮϬͿ. Mask variability is higher for non-surgical masks, since gaiters, cotton, 
and other materials vary in their weave and filtration efficiency. The masks used during testing were 
standard pleated ϯ-ply surgical masks supplied by United Airlines.  

Chaŵbeƌ ChaƌacƚeƌiǌaƚiŽŶ aŶd SŽƵƌce TeƌŵƐ 
In an effort to better understand the tracer releases, we worked to characterize the tracer releases with 
and without masks in an aerosol chamber. The chamber is a High Efficiency Particulate Air ;HEPAͿ-
filtered, rapidly-purged test chamber, where naturally-occurring background aerosols are minimized. 
During a test, the chamber is purged of particulate for two minutes, and then enters a static, dead-air 
mode. We nebulized the tracer solution, briefly mixed ;ϮϬ-Ϯϱ secondsͿ, and then characterized the 
resulting aerosols using three high-resolution TSI Inc. ϯϯϮϭ Aerodynamic Particle Sizers ;APSͿ 
instruments and four IBACs. Of the four IBACs two are indoor IBACs with a traditional ϭϬ ђm inlet, and 
two are tactical IBACs with longer stackable inlets, also capped with a ϭϬ ђm inlet. 

 

 

 

 

 

At ϭϭϵϬϮ liters, the average concentration across the aerosol detectors is multiplied by the total volume 
to give the amount of tracer particulate released, and verify the size distribution.  

 
 

 

 

 

TeƐƚ Condiƚion ;nсϯͿ Toƚal PaƌƚicleƐ Sƚd͘ Deǀ Sƚd͘ Eƌƌoƌ й Sƚd Eƌƌoƌ 

ϭ minute breathing ϭ.ϴEнϬϴ ϭ.ϯEнϬϳ ϳ.ϴEнϬϲ ϰ.ϯй 

ϭ minute breathing ;with maskͿ ϭ.ϳEнϬϴ ϱ.ϳEнϬϲ ϯ.ϰEнϬϲ Ϯ.Ϭй 

ϱ minute DNA-Tagged Tracer Ϯ.ϰEнϬϳ ϰ.ϯEнϬϲ Ϯ.ϱEнϬϲ ϭϬ.ϯϰй 
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Figure 3. Chamber testing using a mannequin, three APS particle sizers, and four IBACs. 

 

Figure 4. Characterization of Aerosol Tracer Particles at 1 and 3 ђm. 
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EǆƉŽƐƵƌe MŽdel  
A multiplication factor of Ϯ.ϭϰ was applied to the breathing zone penetration to account for the 
difference between the sampling rate of the IBAC, and an average adult ϳ.ϱ lpm passenger inhalation 
rate, using a tidal volume of Ϭ.ϱ L per breath and respiration rate of ϭϱ breaths per minute. Breathing 
zone penetrations listed in the results include maximum aerosol penetration percentages measured for 
the breathing zone with the highest penetration ;MAXͿ, and average breathing zone penetrations ;AVGͿ 
across all seats with sensors in a given release. The tables also show breathing zone penetrations for 
each mannequin test condition; breathing with no mask ;BNMͿ, breathing with mask ;BMͿ, coughing 
with no mask ;CNMͿ and coughing with mask ;CMͿ. All exposure model calculations were done using 
BNM data only. The exposure model parameters assumed the following: 

x Inhalation Rate:  ϳ.ϱ lpm 
x Viral Shedding Rate:  ϰ,ϬϬϬ virions per hour  
x Infectious Dose:  ϭ,ϬϬϬ virions 

This model also assumes that each particle contains a single infectious particle, whereas in reality a 
fraction of the total aerosols generated are likely to contain infectious material, and the number of 
infectious virions per particle vary. 

Aiƌfƌaŵe TeƐƚiŶg 
Testing of each airframe totaled four days, with two days reserved for ground testing, and two days 
reserved for in-flight testing at altitude. Of the two ground days, one day was reserved for simulation of 
in-flight testing, with the aircraft door closed, and the Environmental Control System ;ECSͿ system 
powered by the Auxiliary Power Unit ;APUͿ, with recirculation activated as it would be in flight. We 
utilize this longer day to achieve more replicates in additional seats, and prepare for inflight testing, 
where pressure and temperature gradients may cause different airflow patterns.  

The second test day was at a Dulles Airport terminal, with the jetway attached and the aircraft door 
open, to examine airflow during loading and unloading conditions. This test day also examined the 
ground air supply and thermal loading on the ECS system’s behavior. Testing occurred at Dulles 
International Airport ;IADͿ between August Ϯϰth and August ϯϭst, ϮϬϮϬ, with the first four days reserved 
for the Boeing ϳϳϳ, and the second four reserved for the Boeing ϳϲϳ. 

Testing conditions also included the gaspers as a variable in some cases. These gaspers are the personal 
air supplies, located above passengers and pointed at each seat for personal comfort adjustment, were 
tested both on and off, with the majority of testing occurring in the off position.  

Ground testing supply temperatures varied from ϱϲ to ϱϵ.ϴΣF, when measured intermittently at the 
vents on the ϳϳϳ and powered by the APU, indicating a cooling mode was active during ground testing 
at IAD. For the ϳϲϳ, temperatures varied from ϱϭ.ϱ to ϲϳΣF, and it was raining intermittently outside, 
indicating that it was typically in an active cooling mode. For both planes, limited tests were done with 
ϰϬ watt heaters ;SunbeamͿ to increase thermal loading and investigate any differences in feedback and 
airflow. Specifically, heating vs cooling modes had the potential to drive airflow direction differently. 
These blankets were distributed in the rows of the release, behind the release, in front of the release, 
and under the nearest overhead temperature feedback sensor. 
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Air exchange rates for the tested ϳϲϳ and ϳϳϳ airframes were ϯϮ and ϯϱ air changes per hour ;ACHͿ, 
respectively, with total cabin volumes of ϵϯϮϬ and ϭϱϬϳϱ cubic feet ;E-mail exchange with Boeing 
engineersͿ. Both ECS systems achieve approximately ϱϬй of the air exchange through HEPA-filtered 
recirculation, and ϱϬй through fresh bleed air. The cockpits and cabins are designed to have separate 
supply systems with no mixing between them. 

Figure ϱ provides IBAC sensor layouts and release locations for each airframe and section tested. The 
sections were intended to distribute releases evenly throughout the airframe, with multiple sections in 
economy seating. Although a single release seat is marked, in all cases ;ground, terminal, and inflightͿ 
multiple releases were completed at multiple seats in a row throughout each section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. IBAC sensor layouts for each airframe and section tested. A single release seat is shown, but 
releases were done in multiple seats within a given row. 
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ϳϳϳͲϮϬϬ HaŶgaƌ TeƐƚiŶg 
Fluorescent tracer particles were released in the AFT, FWD, FWD-MID and MID-AFT sections of the 
airframe for a total of ϯϴ releases ;see Appendix A for complete list of test tablesͿ. All simulated inflight 
Hangar tests were performed with gaspers off and no mask was applied to the mannequin. For each 
airframe section releases occurred at each seat location within the specified row. Duplicate 
measurements were taken for each seat and ϭ min disseminations were performed for AFT tests, while 
single measurements were taken in the remaining zones. For the AFT tests, the mannequin was first 
placed in seat ϰϳA and then seats ϰϳB, ϰϳC, ϰϳD, ϰϳE, ϰϳF, ϰϳG, ϰϳJ, ϰϳK and ϰϳL. The sensors were then 
repositioned to the FWD section and mannequin releases were performed in seats ϱA, ϱD, ϱG and ϱL. 
The sensors were then repositioned to the FWD-MID section and mannequin releases were done in 
seats ϭϭA, ϭϭD, ϭϭG, and ϭϭL. The MID-AFT section was tested next and after sensor repositioning to 
this section releases were done in seats ϯϯA, ϯϯB, ϯϯC, ϯϯD, ϯϯE, ϯϯF, ϯϯG, ϯϯJ, ϯϯK and ϯϯL.  

ϳϳϳͲϮϬϬ TeƌŵiŶal JeƚǁaǇ TeƐƚiŶg 
Fluorescent tracer particles were released in the MID-AFT, FWD-MID and AFT sections of the airframe 
for a total of Ϯϱ releases ;See Appendix A – Test TablesͿ. For the first ϯ tests ϰϬW heating blankets were 
installed onto seats in the MID-AFT section, to increase thermal loading and provide feedback to 
temperature sensors in the ECS system. IBAC sensors were located in the jetway ;Figure ϲͿ, as the 
airflow had an increased likelihood of exhausting through the jetway rather than the outflow valve. The 
mannequin was placed in seat ϯϯE for the releases. The first group of tests collected dispersion data for 
ground air vs. APU supplied conditioned air to the cabin. For Test ϭ, ground supply air was used to 

supply conditioned air to the cabin and the 
airframe’s recirculation fans were not active. 
For Test Ϯ, ground air supply equipment failed 
in the middle of the test but was repaired later 
on. For Test ϯ, the airframe’s APU was used to 
supply air with recirculation fans on along with 
the heating blankets. For Test ϰ, the airframe’s 
APU was used to supply air and the heating 
blankets were turned off. The remaining Ϯϭ 
tests were performed in the typical APU 
cooling configuration. Figure ϳ provides the air 
supply Configurations for the first ϲ tests.  

Figure 6. ϳϳϳ-200 Terminal/Jetway MID-AFT tests 

 

 

 

 

 

Figure ϳ. ϳϳϳ-200 Terminal/Jetway Cooling Configuration Tests 

GƌoƵnd TeƐƚƐ Cooling Aiƌfƌame Theƌmal GaƐpeƌƐ ManneƋƵin
aƚ Teƌminal ConfigƵƌaƚion Secƚion Blankeƚ MaƐk

   Test ϭ Ground Air - Recirc OFF MID-AFT YES ON OFF
   Test Ϯ Ground Air OFF - RECIRC OFF MID-AFT YES OFF OFF
   Test ϯ APU: PACs ON RECIRC ON MID-AFT YES ON OFF
   Test ϰ APU: PACs ON RECIRC ON MID-AFT NO ON OFF
   Test ϱ APU: PACs ON RECIRC ON MID-AFT NO OFF OFF
   Test ϲ APU: PACs ON RECIRC ON MID-AFT NO ON ON
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ϳϳϳͲϮϬϬ IŶflighƚ TeƐƚiŶg 
Fluorescent tracer particles were released in the AFT, MID-AFT, FWD, and FWD-MID sections of the 
airframe for a total of ϲϰ releases ;See Appendix A for Test TablesͿ inflight. The releases included ϰϬ 
tests with the mannequin not wearing a mask and Ϯϰ tests with a mask. Limited by the amount of test 
time available, multiple seats were prioritized over testing the mask at every seat. Two days of inflight 
testing occurred. The first day the AFT and MID-AFT sections were tested. For the AFT section, 
mannequin releases were performed in seats ϰϳB, ϰϳE and ϰϳK. For the MID-AFT section releases 
occurred in seats ϯϯB, ϯϯE and ϯϯK. Some gasper conditions were also tested inflight in the AFT section 
during the ϰϳK releases including: gaspers on, off and positioned downward. For all other tests, the 
gaspers were closed. For the next flight day the FWD-MID and FWD sections were tested. The FWD-MID 
releases occurred in seats ϭϭA, ϭϭG and ϭϭL ;Figure ϴͿ. The FWD releases occurred in seats ϱA, ϳA, ϱG 
and ϱL. Triplicate releases were performed for each mask on/off condition. The gaspers were closed for 
all FWD-MID and FWD section tests. 

 

Figure ϴ. ϳϳϳ-200 Inflight Tests 

ϳϲϳͲϯϬϬ HaŶgaƌ TeƐƚiŶg 
Fluorescent tracer particles were released in the AFT, FWD, and FWD-MID sections of the airframe for a 
total of ϱϯ releases ;See Appendix A - Test TablesͿ. All simulated inflight hangar tests were performed 
with gaspers off and no mask was applied to the mannequin. For each airframe section releases 
occurred at each seat location within the specified row. Gaspers were closed for all tests. Triplicate 
measurements were taken for each seat. For the AFT tests, the mannequin was first placed in seat ϯϳA 
and then seats ϯϳB, ϯϳD, ϯϳE, ϯϳF, ϯϳK, and ϯϳL. The sensors were then repositioned to the FWD section 
and mannequin releases were performed in seats ϱA, ϳA, ϲD and ϱL. After FWD section testing, the 
sensors were then repositioned to the FWD-MID section and mannequin releases were done in seats 
ϭϴA, ϭϴB, ϭϴD, ϭϴE, ϭϴF, ϭϴK and ϭϴL. 

ϳϲϳͲϮϬϬ TeƌŵiŶal JeƚǁaǇ TeƐƚiŶg 
Fluorescent tracer particles were released in the FWD-MID, FWD, and AFT sections of the airframe for a 
total of ϯϯ releases ;See Appendix A – Test TablesͿ. In the FWD-MID section releases were performed in 
seat ϭϴE. Heating blankets were applied to seats, in the same three row configuration centered around 
the release row in the FWD-MID section, for the first ϵ tests ;Figure ϵͿ. Fluorescent tracer particle 
dispersions in ground air supply and APU powered cooling configurations were both measured. For both 
air supply conditions the airframe’s recirculation fans were active, to further increase HEPA-filtration 
and particle removal, and triplicate releases were performed for all tests. The sensors were then 
repositioned to the FWD section and releases were performed in seat ϲD with triplicate measurements 
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for mask on and off conditions for the mannequin releases. The AFT section was then tested with 
releases in ϯϳE with triplicate measurements for mask on and off conditions. Following completion of 
the tests, the sensors were kept in the AFT section for next day of inflight tests. 

         

 

 

 

 

 

 

 

 

 

 

Figure ϵ. ϳ6ϳ-300 Terminal/Jetway Tests, including three rows of 40W heaters.  

ϳϲϳͲϮϬϬ IŶflighƚ TeƐƚiŶg 
Fluorescent tracer particles were released in the AFT, FWD-MID and FWD sections of the airframe for a 
total of ϴϱ releases ;See Appendix A - Test TablesͿ. The inflight tests occurred over two days. Mannequin 
releases were performed in the AFT section at seats ϯϳB, ϯϳE and ϯϳK followed by the FWD-MID section 
in seats ϭϴA, ϭϴE, and ϭϴL and then in the FWD section in seats ϲA, ϲD, and ϲL ;Figure ϭϬͿ. Triplicate 
measurements were made for the mannequin releases with and without masks. In addition, simulated 
mannequin cough releases were performed and represented ϯϬ of the ϴϱ releases.  

           Figure 10. ϳ6ϳ-300 Inflight Tests 

Throughout the ϴ days of testing, the only technical issues encountered were an occasional loss of 
power to some IBAC sensors due to either a loose connection to an airframe power outlet or some sort 
of power cycling occurring with the airframe’s electrical power. 
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ReƐƵlƚƐ aŶd DiƐcƵƐƐiŽŶ 
FlƵŽƌeƐceŶƚ Tƌaceƌ Paƌƚicle ReƐƵlƚƐ 
Due to both airframe’s high air exchange rates the ϭ.ϴ x ϭϬϴ disseminated particles were rapidly diluted, 
mixed and purged from the cabin by filtration and exhaust through the outflow valve. Fluorescent tracer 
particle residence times in the cabin averaged less than ϲ minutes. Figure ϭϭ provides a comparison to a 
house, where air exchange change rates are lower. For the data shown, a release was performed in a 
home using the same mannequin and release conditions as performed on the airframes. There is a large 
difference in the aerosol decay curve for this suburban house ;AͿ vs. the ϳϲϳ-ϯϬϬ ;BͿ, corresponding to 
ϭ.ϱ hours vs. ϱmin, respectively, with the two shown overlayed in ;CͿ. Additionally, since dosage is a 
function of concentration and exposure time, the cumulative particle exposure was ϭϬ times less on the 
ϳϲϳ-ϯϬϬ due to the airframe’s rapid air exchange. 

Figure ϭϮ provides a ϳϲϳ-ϯϬϬ inflight AFT zone test example of a single IBAC sensor response located in 
seat breathing zone ϯϳD and demonstrates repeatability. The figure shows the single IBAC sensor 
response to ϯϭ releases with triplicates typically performed for each test condition ;release location, 
breathing or coughing, mask on/offͿ. Coefficients of variance within releases of the same condition for 
the sensor in Figure ϭϮ were a maximum of ϭϰ.Ϯй and averaged ϵ.Ϯй. Average standard error of less 
than ϭϱй was observed for all other releases performed in both airframes in the aft and mid-aft 
sections. The dissemination process was demonstrated to be repeatable in an aerosol chamber 
;standard error ϰ.Ϯй, nсϯͿ but was shown to be similarly repeatable in the aircraft cabin.  

Figures ϭϯ Θ ϭϳ are described in terms of their ϵϱй confidence interval, in relation to their standard 
error, to capture the uncertainty and possible range of values, with replicates occurring in triplicate at 
each seat.  Additional penetration maps can be found in Appendix B. 

For each test, a data set comprised of ϰϬн IBAC sensors providing date and time stamped fluorescent 
particle counts on a per second basis has been compiled and organized. In addition, cumulative tracer 
counts for each sensor for every test has also been compiled. Last, excel formatted dispersion maps for 
most tests have been created and include cumulative trace counts for each sensor breathing zone 
organized as seat maps for each airframe and section tested. The dispersion maps also include seat map 
tables showing the aerosol penetration for each sensor breathing zone relative to the characterized 
release. 

The aerosol penetration into each breathing zone was determined by dividing the cumulative tracer 
counts for any specific breathing zone by the total amount released in the simulated infected passenger 
zone. In all but one test ;ϳϳϳ-ϮϬϬ Hangar MID-AFT section seat ϯϯJ – ϯ min releaseͿ the cumulative 
amount released of ϭ.ϴ x ϭϬϴ fluorescent tracer particles was applied to the analysis based on the 
chamber characterization. Figures ϭϯ-ϭϳ show dispersion maps expressed as aerosol penetration for 
each sensor breathing zone. As can be seen from figures ϭϯ-ϭϳ, there is a significant reduction of aerosol 
penetration for breathing zones in proximity to the simulated infection zone. As shown in Figure ϭϳ, the 
application of a mask provided significant protection against micron diameter droplets released during 
the cough simulations and reductions greater than ϵϬй were measured. 
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It is important to emphasize that the ϯ-color gradient of green, yellow, and red are not intended to 
correlate to transmission likelihood, and are instead utilized to visualize order of magnitude changes. 
Further, although the tracer detection process was able to measure and quantify aerosol concentration 
gradients for each release condition from seat to seat or row to row, especially under different release 
conditions ;release seat, airflow, mask, etcͿ, in every breathing zone location there was a significantly 
low overall risk of aerosol penetration compared to the release location. This consideration impacts how 
all the test results are interpreted, particularly different countermeasure modes, such as the application 
of a certain gasper direction, ground air supply vs. APU cooling for boarding and deboarding, etc. The 
dispersion data ;Figures ϭϰ-ϭϳͿ demonstrates the dominant protective factors, as tested, are the 
airframe’s high air exchange rates, downward ventilation design and HEPA-filtered recirculation and that 
other test conditions have measurable but minimal effects for aerosol risk. The dispersion data also 
shows that inflight, ground, and boarding conditions provide similar protection provided the air 
exchange rates are similar and maintained.  

Scaling the instrument sampling rate from ϯ.ϱ lpm to an average human inhalation rate of ϳ.ϱ lpm and 
combining all of the releases performed in each airframe and section an average and maximum aerosol 
reduction ;worst seatͿ of ϵϵ.ϵϵй and ϵϵ.ϴй was measured, respectively ;Figures ϭϴ Θ ϭϵͿ.  

 

 

Figure 11. House vs. ϳ6ϳ-300 Aerosol Decay Comparison 
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Figure 12. ϳ6ϳ Inflight 3ϴD Breathing Zone Data 
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                                              Figure 13. ϳϳϳ-200 Inflight Data – AFT Section 

                                                             (ϵ5й Confidence Intervals applied, nс3) 
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                                        Figure 14. ϳϳϳ-200 Hangar “Inflight” Data – AFT Section 
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Figure 15. ϳ6ϳ-300 Terminal Data – Cooling Configuration Comparison 
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Figure 16. ϳϳϳ-200 Inflight Data – AFT Section – Gasper Condition Comparison 
Note: Gaspers on/down only in Seats J, K & L for these tests 
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                   Figure 1ϳ. ϳ6ϳ-300 Inflight Data – AFT Section – Breathing/Coughing Mask/No Mask 

(ϵ5й Confidence Intervals applied, nс3) 
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Figure 1ϴ. ϳϳϳ-200 Aerosol Penetration for Measured Breathing Zone 
(BNM-Breathing no Mask    BM-Breathing with Mask) 

 

 

 

 

 

 

 

 

 

 

 
Figure 1ϵ. ϳ6ϳ-300 Aerosol Penetration for Measured Breathing Zones 

(BNM-Breathing no Mask   BM-Breathing with Mask   CNM-Cough no Mask   CM-Cough with Mask) 
 

 

 

   ϳϳϳͲϮϬϬ

MAX AVG MAX AVG
Terminal
   AFT Ϭ.Ϭϭϴй Ϭ.ϬϬϱй
   MID-AFT Ϭ.ϬϴϮй Ϭ.ϬϭϮй Ϭ.ϬϱϬй Ϭ.ϬϬϵй
   FWD-MID Ϭ.ϬϭϮй Ϭ.ϬϬϭй Ϭ.ϬϬϴй Ϭ.ϬϬϭй
Hangar ΗInflightΗ
   AFT Ϭ.Ϭϲϵй Ϭ.ϬϭϬй
   MID-AFT Ϭ.ϭϭϴй Ϭ.Ϭϭϯй
   FWD-MID Ϭ.ϭϮϬй Ϭ.ϬϬϰй
   FWD Ϭ.Ϭϰϲй Ϭ.ϬϬϯй
Inflight
   AFT Ϭ.ϬϳϮй Ϭ.ϬϬϳй Ϭ.ϬϰϮй Ϭ.ϬϬϰй
   MID-AFT Ϭ.Ϯϭϱй Ϭ.ϬϬϴй Ϭ.Ϭϳϰй Ϭ.ϬϬϱй
   FWD-MID Ϭ.ϬϮϵй Ϭ.ϬϬϮй Ϭ.ϬϮϬй Ϭ.ϬϬϭй
   FWD Ϭ.ϬϮϳй Ϭ.ϬϬϮй Ϭ.Ϭϭϯй Ϭ.ϬϬϬй

Breathing Zone 
Penetration                    

BM          

Breathing Zone 
Penetration               

BNM          

   ϳϲϳͲϯϬϬ

MAX AVG MAX AVG MAX AVG MAX AVG
Terminal
   AFT Ϭ.ϬϭϬй Ϭ.ϬϭϬй Ϭ.ϬϬϵй Ϭ.ϬϬϴй
   FWD-MID Ϭ.Ϭϯϲй Ϭ.ϬϬϰй Ϭ.ϬϬϵй Ϭ.ϬϬϮй
   FWD Ϭ.Ϭϭϰй Ϭ.ϬϬϮй Ϭ.Ϭϭϭй Ϭ.ϬϬϮй
Hangar ΗInflightΗ
   AFT Ϭ.ϭϭϱй Ϭ.Ϭϭϭй
   FWD-MID Ϭ.Ϭϲϳй Ϭ.ϬϬϯй
   FWD Ϭ.Ϭϲϲй Ϭ.ϬϬϰй
Inflight
   AFT Ϭ.Ϭϯϲй Ϭ.ϬϬϱй Ϭ.Ϭϯϭй Ϭ.ϬϬϰй Ϭ.Ϭϰϭй Ϭ.ϬϬϲй Ϭ.ϬϬϮй Ϭ.ϬϬϬй
   FWD-MID Ϭ.Ϭϰϰй Ϭ.ϬϬϱй Ϭ.Ϭϯϳй Ϭ.ϬϬϰй Ϭ.Ϭϲϱй Ϭ.ϬϬϰй Ϭ.ϬϬϮй Ϭ.ϬϬϬй
   FWD Ϭ.Ϭϭϲй Ϭ.ϬϬϯй Ϭ.ϬϭϮй Ϭ.ϬϬϮй Ϭ.ϬϮϰй Ϭ.ϬϬϯй Ϭ.ϬϬϮй Ϭ.ϬϬϬй

Breathing Zone 
Penetration                     

BNM          

Breathing Zone 
Penetration               

CM          

Breathing Zone 
Penetration               

CNM          

Breathing Zone 
Penetration                         

BM          
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ϳϳϳ IŶͲFlighƚ TeƐƚiŶg ʹ DNAͲƚagged TƌaceƌƐ 
Clear trends emerge in both the collected aerosol data and the surface samples. In the case of air 
samples, the collected fraction of particles aerosolized compares well with the real-time fluorescent 
tracer, ranging from undetectable to Ϭ.Ϭϯй in economy sections closest to the release point ;Figure ϮϬͿ. 
The highest collected aerosol concentration is always located closest to the release point of that DNA-
tagged bead, with lower risks forward of a release than aft of the release. Low concentrations ;ф.ϬϬϰй 
on averageͿ of tracer particles were present in the aft galley in both of the economy seat release 
locations.  

 

Figure 20. ϳϳϳ-200 DNA Tagged Tracer Particle Maps 

Surface samples, in the arm rests and seat backs of the seats closest to each release location ;Figure ϮϬ 
Θ Figure ϮϭͿ were scaled from their size to a standard square foot for comparison with the total number 
of tracer particles released. This scaling which includes integrating to a larger surface areas had less than 
Ϭ.Ϭϲй of tracer particles settle out during testing, with the highest concentration on the surfaces closest 
to each release location, especially the flat surfaces, such as arm rests, when compared to the more 
vertical surfaces of the seatbacks and inflight entertainment ;IFEͿ systems.  The low overall deposition 
leads to higher ϵϱй confidence intervals, as based on standard error ;Figure ϮϭͿ. 
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PHUFHQW RI RHOHDVHG PDUWLFOHV LQ 1 FW2 (SXUIDFH SDPSOH) RU IQWHJUDWHG CROOHFWLRQ DW D GLYHQ SHDW 

(AHURVRO) 

SHDW LRFDWLRQ F:D ц95% CI MID-F:D ц95% CI MID-AFT ц95% CI AFT ц95% CI 

5D Center AboYe IFE 0.001% 0.002% 0.001% 0.003% 0.000% 0.000% 0.029% 0.059% 

5D Left Arm Rest 0.001% 0.001% 0.001% 0.002% 0.000% 0.000% 0.020% 0.027% 

5D Right Arm Rest 0.003% 0.007% 0.001% 0.002% 0.000% 0.000% 0.011% 0.021% 

11D Center AboYe IFE 0.000% 0.000% 0.002% 0.004% 0.000% 0.000% 0.018% 0.044% 

11D Left Arm Rest 0.000% 0.000% 0.001% 0.003% 0.000% 0.001% 0.006% 0.006% 

11D Right Arm Rest 0.000% 0.000% 0.017% 0.023% 0.000% 0.000% 0.035% 0.100% 

33D Center AboYe IFE 0.000% 0.001% 0.001% 0.003% 0.000% 0.002% 0.017% 0.027% 

33E Center BeloZ IFE 0.000% 0.000% 0.001% 0.002% 0.001% 0.002% 0.055% 0.175% 

33E Left Arm Rest 0.000% 0.001% 0.002% 0.004% 0.018% 0.060% 0.046% 0.148% 

33E Right Arm Rest 0.000% 0.000% 0.001% 0.002% 0.001% 0.002% 0.013% 0.017% 

47E Center BeloZ IFE 0.000% 0.000% 0.000% #DIV/0! 0.001% 0.001% 0.022% 0.065% 

47E Left Arm Rest 0.000% 0.000% 0.000% #DIV/0! 0.000% 0.000% 0.008% 0.009% 

47E Right Arm Rest 0.000% 0.000% 0.000% #DIV/0! 0.001% 0.001% 0.022% 0.045% 

8D Aerosol 0.000% 0.000% 0.000% 0.001% 0.000% 0.000% 0.000% 0.000% 

12D Aerosol 0.000% 0.000% 0.004% 0.008% 0.001% 0.001% 0.000% 0.000% 

36E Aerosol 0.000% 0.000% 0.000% 0.000% 0.030% 0.093% 0.000% 0.000% 

49D Aerosol 0.000% 0.000% 0.000% 0.000% 0.007% 0.017% 0.001% 0.002% 
Rear 
Galle\ Aerosol 0.000% 0.001% 0.000% 0.000% 0.002% 0.006% 0.001% 0.002% 

Figure 21. ϳϳϳ-200 DNA-Tagged Tracer Results (nс3), ϵ5й CI based on standard error 

ϳϲϳ IŶͲFlighƚ TeƐƚiŶg ʹ DNAͲƚagged TƌaceƌƐ ReƐƵlƚƐ 
The DNA-tagged tracer releases completed on the ϳϳϳ were duplicated on the ϳϲϳ, albeit at three 
locations instead of four for the smaller airframe. Surface samples again targeted the high-touch and 
easily contaminated surfaces such as arm rests and seat backs.  

Similar to the ϳϳϳ, the air samplers agree with the fluorescent real-time releases, with the highest 
number of particles nearest each release location, and the overall percentage of particles compared to 
the chamber characterization consistently below Ϭ.ϬϮй located ϯ rows away ;Figure ϮϮͿ. Compared to 
the ϳϳϳ, the ϳϲϳ consistently had higher air concentrations in the aft galley, potentially because of the 
location of the outflow valve in the aft of the plane. 



Ϯϴ 
 

 

Figure 22. ϳ6ϳ-300 DNA-Tagged Tracer Particle Maps 

The number of particles on contaminated surfaces is again scaled to a standard square foot, and remains 
low by aerosol deposition, with a maximum below .ϬϬϱй. Arm rests and table tops closest to the release 
location are consistently the highest level of contamination for each release location.  Confidence 
intervals are large for surface samples due to low overall deposition and resulting signal ;Figure ϮϯͿ. 
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PHUFHQW RI RHOHDVHG PDUWLFOHV LQ 1 FW2 (SXUIDFH SDPSOH) RU IQWHJUDWHG 

DXULQJ RHOHDVH DW D GLYHQ SHDW (AHURVRO) 
SHDW LRFDWLRQ F:D ц95% CI MID ц95% CI AFT ц95% CI 

6D Left Arm Rest 0.001% 0.002% 0.002% 0.003% 0.000% 0.000% 

6D Center AboYe IFE 0.001% 0.001% 0.001% 0.003% 0.000% 0.000% 

6D Right Arm Rest 0.003% 0.009% 0.003% 0.008% 0.002% 0.008% 

6D Marble Table 0.003% 0.004% 0.005% 0.005% 0.000% 0.001% 

18E Left Arm Rest 0.001% 0.001% 0.005% 0.012% 0.003% 0.009% 

18E Center AboYe IFE 0.000% 0.001% 0.002% 0.003% 0.002% 0.006% 

18E Right Arm Rest 0.000% 0.001% 0.001% 0.003% 0.000% 0.001% 

18F Center BeloZ IFE 0.000% 0.000% 0.001% 0.002% 0.000% 0.002% 

26E Tra\ Table 0.000% 0.001% 0.002% 0.003% 0.003% 0.008% 

37D Center AboYe IFE 0.000% 0.001% 0.000% 0.000% 0.001% 0.003% 

37E Left Arm Rest 0.000% 0.001% 0.001% 0.002% 0.004% 0.005% 

37E Center BeloZ IFE 0.000% 0.001% 0.002% 0.007% 0.002% 0.006% 

37E Right Arm Rest 0.000% 0.001% 0.001% 0.002% 0.001% 0.001% 

5F Aerosol 0.004% 0.012% 0.000% 0.000% 0.000% 0.000% 

22F Aerosol 0.000% 0.000% 0.000% 0.001% 0.000% 0.001% 

31D Aerosol 0.000% 0.000% 0.004% 0.008% 0.001% 0.004% 

40F Aerosol 0.000% 0.000% 0.000% 0.000% 0.012% 0.016% 
Rear 
Galle\ Aerosol 0.000% 0.000% 0.000% 0.000% 0.014% 0.001% 
Figure 23. ϳ6ϳ-300 DNA-Tagged Tracer Results (nс3), ϵ5й CI based on standard error 

IŶfecƚiŽƵƐ MŽdel 
Using the ϭϬϬϬ virion infectious dose assumption and breathing model described previously, results in 
theoretical calculations of zero aerosol-acquired cases in a ϭϮ hour flight ;Note: penetration data for 
BNM conditions usedͿ. Results demonstrate a large number of flight hours are required for cumulative 
inhalation of an infectious dose of ϭ,ϬϬϬ virions for both airframes. Specifically, the time required to be 
exposed to an infectious dose is a minimum of ϱϰ hours when sitting next to an index patient in the 
economy section of the ϳϳϳ, and in all other airframe ;ϳϲϳ and ϳϳϳͿ seats examined, over ϭϬϬ. Overall 
maximum and average transmission likelihoods and the hours required for exposure to a theoretical 
infectious dose ;Figures Ϯϰ-ϮϳͿ.  
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Figure 24. ϳϳϳ-200 Transmission Model Calculations 
(BNM-Breathing no Mask    BM-Breathing with Mask) 

 

    

   

Figure 25. ϳ6ϳ-300 Transmission Model Calculations 

(BNM-Breathing no Mask   BM-Breathing with Mask   CNM-Cough no Mask   CM-Cough with Mask) 
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                    Figure 26. ϳϳϳ-200 12 Hour Flight - Transmission Model Calculations 

 

        Figure 2ϳ. ϳϳϳ-200 12 Hour Flight - Transmission Model Calculations 
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DiƐcƵƐƐiŽŶ Θ CŽŶclƵƐiŽŶƐ ʹ AeƌŽƐŽl RiƐk Žf EǆƉŽƐƵƌe ŽŶ CŽŵŵeƌcial AiƌfƌaŵeƐ 
Overall, rapid mixing, dilution and removal limit exposure risk for aerosol contaminants at ϭ and ϯ ђm in 
all tested seat sections of the Boeing ϳϲϳ and Boeing ϳϳϳ wide body aircraft. The maximum exposure in 
a nearby seat of Ϭ.ϯй of a characterized release, equates to a ϵϵ.ϳй reduction from an aerosolized 
source of contamination such as SARS-CoV-Ϯ. Converting to a reduction factor ;how many particles were 
counted in the characterization vs the breathing zone of the seatͿ, this corresponds to a reduction of 
ϯϯϯн. Across the further ΕϰϬ seats nearby the simulated infected patient there is average reduction of 
ϵϵ.ϵϵй of aerosols, or a reduction factor of ϭϬ,ϬϬϬн.  

For the ϳϳϳ and ϳϲϳ, at ϭϬϬй seating capacity transmission model calculations with a ϰ,ϬϬϬ viruses/hour 
shedding rate and ϭ,ϬϬϬ virus infectious dose show no inflight aerosol transmission for ϭϮ hour flights. 
The data presented herein couples well with existing modeling and epidemiologic studies of commercial 
airframe transmission. No secondary cases were traced on a ϯϱϬ-person ϭϱ-hour flight from Guangzhou 
to Toronto, which included a symptomatic ;coughingͿ, PCR-positive patient, and his wife, who tested 
positive a day after landing ;Schwartz, et al. ϮϬϮϬͿ. Similarly, surface contamination, via the aerosol 
route is minimized by the rapid removal of contaminants before settling can occur. 

In terms of comparison with other common locations containing COVID-positive personnel, the air 
exchange rate onboard the Boeing ϳϲϳ and ϳϳϳ airframes was significantly higher. Using the CDC 
airborne contaminant removal table, and our experimental data, the ϳϲϳ and ϳϳϳ both removed 
particulate ϭϱ times faster than a home ;as also referenced in Figure ϭϭͿ, and ϱ to ϲ times faster than 
recommended design specifications for modern hospital operating or patient isolation rooms ;Figure 
ϮϴͿ. 

 

Figure 2ϴ. Comparison of Air Exchange Rates and the Boeing ϳ6ϳ and ϳϳϳ Airframes Tested 

LiŵiƚaƚiŽŶƐ Θ AƐƐƵŵƉƚiŽŶƐ 
Testing focused on aerosol transport and smaller ϭ to ϯ ђm particulate. Larger droplets ;ϱϬ to ϭϬϬs of 
ђmͿ generated and co-released with smaller modes when talking, coughing, or sneezing introduce an 
alternative transmission mechanism, which face masks have been shown to statistically reduce in other 
literature ;Leung, et al. ϮϬϮϬ; Macintyre, et al. ϮϬϮϬͿ. Testing assumes that mask wearing is continuous, 
and that the number of infected personnel is low. Since modeling and particulate generation assumed 
low numbers of infected passengers, large numbers of index patients, for instance a unit exposed 
together and deploying together, will increase risk. As an example, in another epidemiological study, 

TLPH (PLQV.) RHTXLUHG IRU RHPRYDO
99.9% HIILFLHQF\

T\pical Single Famil\ Home (LoZ Estimate) 2 207
T\pical Single Famil\ Home 4 104
T\pical Single Famil\ Home (High Estimate) 6 69
Standard for Hospital Operating Rooms and Isolation 
Unitsڢ 12 35

Boeing 767-200 As Tested� 32 6�

Boeing 777-300 As Tested� 35 6�

ALU E[FKDQJHV & TLPH WR RHPRYH ALUERUQH-CRQWDPLQDQW*

� E[perimentall\ determined during this report

ALU CKDQJHV SHU 
HRXU (ACH)*BXLOGLQJ T\SH

* Adapted from CDC: https://ZZZ.cdc.goY/infectioncontrol/guidelines/enYironmental/appendi[/air.html#tableb1
Recommended in ASHRAE / ASHE STANDARD Ventilation of Health Care Facilities (Vol. 4723) ڢ
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ϭϬϮ passengers traveled ϰ.ϲϲ hours from Tel Aviv, Israel to Frankfurt, Germany with ϳ patients from a 
tourist group whom index patients who tested positive upon arrival. In this case, two in-air 
transmissions were possible, with both seated within Ϯ rows of an index case ;Hoehl, et al. ϮϬϮϬͿ.  

Contamination of surfaces via non-aerosol routes ;large droplets or fecal contaminationͿ is more likely in 
lavatories and other common areas, and is not tested here. These alternative routes of exposure are 
more challenging to predict because of uncertainty in human behavior ;Bae, et al., ϮϬϮϬͿ. Testing did not 
include substantial movement throughout the plane or in the airport, lounge, or jetway, where air 
change rates and human interactions will vary. Similarly, the mannequin remained facing forward, 
uncertainty in human behavior with conversations and behavior may change the risk and directionality 
in the closest seats to an index patient, especially for large droplets. 

RecŽŵŵeŶdaƚiŽŶƐ 
Given the data captured during this most recent round of testing, and coupled with existing literature 
and a growing consensus on COVID-ϭϵ risks, the following recommendations regarding troop transport 
on commercial airlines can be conveyed. 

x For the ϳϳϳ and ϳϲϳ, at ϭϬϬй seating capacity transmission model calculations with a ϰ,ϬϬϬ 
viruses/hour shedding rate and ϭ,ϬϬϬ virus infectious dose show a minimum ϱϰ flight hours 
required to produce inflight infection from aerosol transmission. 

x Aerosol exposure risk is minimal even during long duration flights, but typically highest in the 
row of an index patient. Rows in front and behind the index patient have the next highest risk on 
average. 

x While there is a measurable difference in middle vs aisle or window seat, there is no practical 
difference at these high overall reduction levels. 

x As testing did not incorporate large droplet contamination, recommend continued disinfectant 
cleaning and mask-wearing, or testing this transmission mechanism in an alternative 
methodology. 

x The benefit of commercial airframes, and the validity of these recommendations relies on the 
combination of a HEPA-filtration recirculation system and the high air-exchange rate, which is 
not matched by other indoor venues, including most hospital and biosafety-level ϯ laboratories. 

x Overhead gasper supply ;on or offͿ does not make a significant impact on aerosol risk and could 
continue to be used primarily for traveler comfort. 

x Contact tracing should be limited, and is unlikely to be necessary for aerosol transmission, but 
may be necessary for large droplet transmission in the seats immediately neighboring an 
infectious passenger, or from uncertainty in human behavior ;i.e., talking to a neighboring 
passenger while eating or drinking without a mask, which is not tested hereͿ. 

x Flight deck exposure risk is extremely unlikely, as the ECS system supplies separate air to this 
portion of the aircraft. 

Additionally, during boarding and deboarding, the following recommendations should be considered: 

x Keeping air supply and recirculation mode ;HEPA-FiltrationͿ operating is critical. Ground supply 
and APU behave similarly, but there is likely more uncertainty with variations in ground supply 
flow rates and suppliers, since the test team was only able to test the single provided system. 

x Jetway exposure risk from an infected person already sitting in the airframe was low with 
reductions for the ϳϳϳ and ϳϲϳ terminal of ϵϵ.ϵϵϵй.  
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x Loading passengers in smaller groups and allowing distance on the jetway is likely beneficial to 
maintaining social distancing guidelines, but simulated infected personnel within these jetways 
was not tested. 
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AƉƉeŶdiǆ A ʹ Aiƌfƌaŵe TeƐƚ TableƐ 
 

 

 

 

 

 

 

 

 

 

 

 

Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion GaƐpeƌƐ ManneƋƵin MaƐk
Test ϭ AFT ϰϳA OFF OFF
Test Ϯ AFT ϰϳA OFF OFF
Test ϯ AFT ϰϳB OFF OFF
Test ϰ AFT ϰϳB OFF OFF
Test ϱ AFT ϰϳC OFF OFF
Test ϲ AFT ϰϳC OFF OFF
Test ϳ AFT ϰϳD OFF OFF
Test ϴ AFT ϰϳD OFF OFF
Test ϵ AFT ϰϳE OFF OFF
Test ϭϬ AFT ϰϳE OFF OFF
Test ϭϭ AFT ϰϳF OFF OFF
Test ϭϮ AFT ϰϳF OFF OFF
Test ϭϯ AFT ϰϳG OFF OFF
Test ϭϰ AFT ϰϳG OFF OFF
Test ϭϱ AFT ϰϳJ OFF OFF
Test ϭϲ AFT ϰϳJ OFF OFF
Test ϭϳ AFT ϰϳK OFF OFF
Test ϭϴ AFT ϰϳK OFF OFF
Test ϭϵ AFT ϰϳL OFF OFF
Test ϮϬ AFT ϰϳL OFF OFF
Test Ϯϭ FWD ϱA OFF OFF
Test ϮϮ FWD ϱD OFF OFF
Test Ϯϯ FWD ϱG OFF OFF
Test Ϯϰ FWD ϱL OFF OFF
Test Ϯϲ FWD-MID ϭϭA OFF OFF
Test Ϯϳ FWD-MID ϭϭD OFF OFF
Test Ϯϴ FWD-MID ϭϭG OFF OFF
Test Ϯϵ FWD-MID ϭϭL OFF OFF
Test ϯϬ MID-AFT ϯϯA OFF OFF
Test ϯϭ MID-AFT ϯϯB OFF OFF
Test ϯϮ MID-AFT ϯϯC OFF OFF
Test ϯϯ MID-AFT ϯϯD OFF OFF
Test ϯϰ MID-AFT ϯϯE OFF OFF
Test ϯϱ MID-AFT ϯϯF OFF OFF
Test ϯϲ MID-AFT ϯϯG OFF OFF
Test ϯϳ MID-AFT ϯϯJ OFF OFF
Test ϯϴ MID-AFT ϯϯK OFF OFF
Test ϯϵ MID-AFT ϯϯL OFF OFF

ϴͬϮϰͬϮϬϮϬ ϳϳϳ Hangaƌ TeƐƚing
Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion GaƐpeƌƐ ManneƋƵin MaƐk

Test ϭ AFT ϯϳA OFF OFF
Test Ϯ AFT ϯϳA OFF OFF
Test ϯ AFT ϯϳA OFF OFF
Test ϰ AFT ϯϳB OFF OFF
Test ϱ AFT ϯϳB OFF OFF
Test ϲ AFT ϯϳB OFF OFF
Test ϳ AFT ϯϳD OFF OFF
Test ϴ AFT ϯϳD OFF OFF
Test ϵ AFT ϯϳD OFF OFF
Test ϭϬ AFT ϯϳE OFF OFF
Test ϭϭ AFT ϯϳE OFF OFF
Test ϭϮ AFT ϯϳE OFF OFF
Test ϭϯ AFT ϯϳF OFF OFF
Test ϭϰ AFT ϯϳF OFF OFF
Test ϭϱ AFT ϯϳF OFF OFF
Test ϭϲ AFT ϯϳK OFF OFF
Test ϭϳ AFT ϯϳK OFF OFF
Test ϭϴ AFT ϯϳK OFF OFF
Test ϭϵ AFT ϯϳL OFF OFF
Test ϮϬ AFT ϯϳL OFF OFF
Test Ϯϭ AFT ϯϳL OFF OFF
Test ϮϮ FWD ϱA OFF OFF
Test Ϯϯ FWD ϱA OFF OFF
Test Ϯϰ FWD ϱA OFF OFF
Test Ϯϲ FWD ϳA OFF OFF
Test Ϯϳ FWD ϳA OFF OFF
Test Ϯϴ FWD ϲD OFF OFF
Test Ϯϵ FWD ϲD OFF OFF
Test ϯϬ FWD ϲD OFF OFF
Test ϯϭ FWD ϱL OFF OFF
Test ϯϮ FWD ϱL OFF OFF
Test ϯϯ FWD ϱL OFF OFF
Test ϯϰ FWD-MID ϭϴA OFF OFF
Test ϯϱ FWD-MID ϭϴA OFF OFF
Test ϯϲ FWD-MID ϭϴA OFF OFF
Test ϯϳ FWD-MID ϭϴB OFF OFF
Test ϯϴ FWD-MID ϭϴB OFF OFF
Test ϯϵ FWD-MID ϭϴB OFF OFF
Test ϰϬ FWD-MID ϭϴD OFF OFF
Test ϰϭ FWD-MID ϭϴD OFF OFF
Test ϰϮ FWD-MID ϭϴD OFF OFF
Test ϰϯ FWD-MID ϭϴE OFF OFF
Test ϰϰ FWD-MID ϭϴE OFF OFF
Test ϰϱ FWD-MID ϭϴE OFF OFF
Test ϰϲ FWD-MID ϭϴF OFF OFF
Test ϰϳ FWD-MID ϭϴF OFF OFF
Test ϰϴ FWD-MID ϭϴF OFF OFF
Test ϰϵ FWD-MID ϭϴK OFF OFF
Test ϱϬ FWD-MID ϭϴK OFF OFF
Test ϱϭ FWD-MID ϭϴK OFF OFF
Test ϱϮ FWD-MID ϭϴL OFF OFF
Test ϱϯ FWD-MID ϭϴL OFF OFF
Test ϱϰ FWD-MID ϭϴL OFF OFF

ϴͬϮϴͬϮϬϮϬ ϳϲϳ Hangaƌ TeƐƚing
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Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion GaƐpeƌƐ ManneƋƵin MaƐk
Test ϯϰ FWD-MID ϭϭA OFF OFF
Test ϯϱ FWD-MID ϭϭA OFF OFF
Test ϯϲ FWD-MID ϭϭA OFF OFF
Test ϯϳ FWD-MID ϭϭA OFF ON
Test ϯϴ FWD-MID ϭϭA OFF ON
Test ϯϵ FWD-MID ϭϭA OFF ON
Test ϰϬ FWD-MID ϭϭG OFF OFF
Test ϰϭ FWD-MID ϭϭG OFF OFF
Test ϰϮ FWD-MID ϭϭG OFF OFF
Test ϰϯ FWD-MID ϭϭG OFF ON
Test ϰϰ FWD-MID ϭϭG OFF ON
Test ϰϱ FWD-MID ϭϭG OFF ON
Test ϰϲ FWD-MID ϭϭL OFF OFF
Test ϰϳ FWD-MID ϭϭL OFF OFF
Test ϰϴ FWD-MID ϭϭL OFF OFF
Test ϰϵ FWD-MID ϭϭL OFF ON
Test ϱϬ FWD-MID ϭϭL OFF ON
Test ϱϭ FWD-MID ϭϭL OFF ON
Test ϱϮ FWD ϱA OFF OFF
Test ϱϯ FWD ϱA OFF OFF
Test ϱϰ FWD ϱA OFF OFF
Test ϱϱ FWD ϱA OFF ON
Test ϱϲ FWD ϱA OFF ON
Test ϱϳ FWD ϱA OFF ON
Test ϱϵ FWD ϱG OFF OFF
Test ϲϬ FWD ϱG OFF OFF
Test ϲϭ FWD ϱG OFF OFF
Test ϲϮ FWD ϱL OFF OFF
Test ϲϯ FWD ϱL OFF OFF
Test ϲϰ FWD ϱL OFF OFF

ϴͬϮϳͬϮϬϮϬ ϳϳϳ InͲFlighƚ DaǇ Ϯ TeƐƚing
Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion GaƐpeƌƐ ManneƋƵin MaƐk

Test ϭ ϰϳB AFT OFF OFF
Test Ϯ ϰϳB AFT OFF OFF
Test ϯ ϰϳB AFT OFF OFF
Test ϰ ϰϳB AFT OFF ON
Test ϱ ϰϳB AFT OFF ON
Test ϲ ϰϳB AFT OFF ON
Test ϳ ϰϳE AFT OFF OFF
Test ϴ ϰϳE AFT OFF OFF
Test ϵ ϰϳE AFT OFF OFF
Test ϭϬ ϰϳE AFT OFF ON
Test ϭϭ ϰϳE AFT OFF ON
Test ϭϮ ϰϳE AFT OFF ON
Test ϭϯ ϰϳK AFT OFF OFF
Test ϭϰ ϰϳK AFT OFF OFF
Test ϭϱ ϰϳK AFT ON OFF
Test ϭϲ ϰϳK AFT ON OFF
Test ϭϳ ϰϳK AFT ON OFF
Test ϭϴ ϰϳK AFT ON OFF
Test ϭϵ ϯϯB MID-AFT OFF OFF
Test ϮϬ ϯϯB MID-AFT OFF OFF
Test Ϯϭ ϯϯB MID-AFT OFF OFF
Test ϮϮ ϯϯB MID-AFT OFF ON
Test Ϯϯ ϯϯB MID-AFT OFF ON
Test Ϯϰ ϯϯB MID-AFT OFF ON
Test Ϯϱ ϯϯE MID-AFT OFF OFF
Test Ϯϲ ϯϯE MID-AFT OFF OFF
Test Ϯϳ ϯϯE MID-AFT OFF OFF
Test Ϯϴ ϯϯE MID-AFT OFF ON
Test Ϯϵ ϯϯE MID-AFT OFF ON
Test ϯϬ ϯϯE MID-AFT OFF ON
Test ϯϭ ϯϯK MID-AFT OFF OFF
Test ϯϮ ϯϯK MID-AFT OFF OFF
Test ϯϯ ϯϯK MID-AFT OFF OFF

ϴͬϮϲͬϮϬϮϬ ϳϳϳ InͲFlighƚ DaǇ ϭ TeƐƚing



ϯϵ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion CondiƚionƐ Heaƚ Blankeƚ GaƐpeƌƐ ManneƋƵin MaƐk
Test ϭ MID-AFT ϯϯE Ground air on/Recirc off ON ON OFF
Test Ϯ MID-AFT ϯϯE Ground air off / Recirc off ON OFF OFF
Test ϯ MID-AFT ϯϯE PACS on / Recirc on ON ON OFF
Test ϰ MID-AFT ϯϯE PACS on / Recirc on OFF ON OFF
Test ϱ MID-AFT ϯϯE PACS on / Recirc on OFF OFF OFF
Test ϲ MID-AFT ϯϯE PACS on / Recirc on OFF ON ON
Test ϳ MID-AFT ϯϯE PACS on / Recirc on OFF ON ON
Test ϴ MID-AFT ϯϯE PACS on / Recirc on OFF ON OFF
Test ϵ FWD-MID ϭϭG PACS on / Recirc on OFF OFF OFF
Test ϭϬ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϭ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϮ FWD-MID ϭϭG PACS on / Recirc on OFF ON ON
Test ϭϯ FWD-MID ϭϭG PACS on / Recirc on OFF ON ON
Test ϭϰ FWD-MID ϭϭG PACS on / Recirc on OFF ON ON
Test ϭϱ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϲ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϳ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϴ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test ϭϵ FWD-MID ϭϭG PACS on / Recirc on OFF ON ON
Test ϮϬ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test Ϯϭ FWD-MID ϭϭG PACS on / Recirc on OFF ON ON
Test ϮϮ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test Ϯϯ FWD-MID ϭϭG PACS on / Recirc on OFF ON OFF
Test Ϯϰ AFT ϰϳE PACS on / Recirc on OFF OFF OFF
Test Ϯϱ AFT ϰϳE PACS on / Recirc on OFF OFF OFF

ϴͬϮϱͬϮϬϮϬ ϳϳϳ Teƌminal TeƐƚing

Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion Cooling CondiƚionƐ Heaƚ Blankeƚ GaƐpeƌƐ ManneƋƵin MaƐk
Test ϭ FWD-MID ϭϴE Ground air ON/ Recirc ON ON ON OFF
Test Ϯ FWD-MID ϭϴE Ground air ON/ Recirc ON ON ON OFF
Test ϯ FWD-MID ϭϴE Ground air ON/ Recirc ON ON ON OFF
Test ϰ FWD-MID ϭϴE Ground air ON/ Recirc ON ON OFF OFF
Test ϱ FWD-MID ϭϴE Ground air ON/ Recirc ON ON OFF OFF
Test ϲ FWD-MID ϭϴE Ground air ON/ Recirc ON ON OFF OFF
Test ϳ FWD-MID ϭϴE PACS ON / Recirc ON ON ON OFF
Test ϴ FWD-MID ϭϴE PACS ON / Recirc ON ON ON OFF
Test ϵ FWD-MID ϭϴE PACS ON / Recirc ON ON ON OFF
Test ϭϬ FWD-MID ϭϴE PACS ON / Recirc ON OFF ON OFF
Test ϭϭ FWD-MID ϭϴE PACS ON / Recirc ON OFF ON OFF
Test ϭϮ FWD-MID ϭϴE PACS ON / Recirc ON OFF ON OFF
Test ϭϯ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF OFF
Test ϭϰ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF OFF
Test ϭϱ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF OFF
Test ϭϲ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF OFF
Test ϭϳ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF OFF
Test ϭϴ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF ON
Test ϭϵ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF ON
Test ϮϬ FWD-MID ϭϴE PACS ON / Recirc ON OFF OFF ON
Test Ϯϭ FWD ϲD PACS ON / Recirc ON OFF ON OFF
Test ϮϮ FWD ϲD PACS ON / Recirc ON OFF ON OFF
Test Ϯϯ FWD ϲD PACS ON / Recirc ON OFF ON OFF
Test Ϯϰ FWD ϲD PACS ON / Recirc ON OFF ON OFF
Test Ϯϱ FWD ϲD PACS ON / Recirc ON OFF ON ON
Test Ϯϲ FWD ϲD PACS ON / Recirc ON OFF ON ON
Test Ϯϳ FWD ϲD PACS ON / Recirc ON OFF ON ON
Test Ϯϴ AFT ϯϳE PACS ON / Recirc ON OFF ON OFF
Test Ϯϵ AFT ϯϳE PACS ON / Recirc ON OFF ON OFF
Test ϯϬ AFT ϯϳE PACS ON / Recirc ON OFF ON OFF
Test ϯϭ AFT ϯϳE PACS ON / Recirc ON OFF ON ON
Test ϯϮ AFT ϯϳE PACS ON / Recirc ON OFF ON ON
Test ϯϯ AFT ϯϳE PACS ON / Recirc ON OFF ON ON

ϴͬϮϵͬϮϬϮϬ ϳϲϳ Teƌminal TeƐƚing
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Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion TeƐƚ TǇpe GaƐpeƌƐ ManneƋƵin MaƐk
Test ϭ AFT ϯϳB Breathing OFF OFF
Test Ϯ AFT ϯϳB Breathing OFF OFF
Test ϯ AFT ϯϳB Breathing OFF OFF
Test ϰ AFT ϯϳB Breathing OFF ON
Test ϱ AFT ϯϳB Breathing OFF ON
Test ϲ AFT ϯϳB Breathing OFF ON
Test ϳ AFT ϯϳE Breathing OFF OFF
Test ϴ AFT ϯϳE Breathing OFF OFF
Test ϵ AFT ϯϳE Breathing OFF OFF
Test ϭϬ AFT ϯϳE Breathing OFF ON
Test ϭϭ AFT ϯϳE Breathing OFF ON
Test ϭϮ AFT ϯϳE Breathing OFF ON
Test ϭϯ AFT ϯϳE Coughing OFF OFF
Test ϭϰ AFT ϯϳE Coughing OFF OFF
Test ϭϱ AFT ϯϳE Coughing OFF OFF
Test ϭϲ AFT ϯϳE Coughing OFF ON
Test ϭϳ AFT ϯϳE Coughing OFF ON
Test ϭϴ AFT ϯϳE Coughing OFF ON
Test ϭϵ AFT ϯϳE Coughing OFF OFF
Test ϮϬ AFT ϯϳK Breathing OFF OFF
Test Ϯϭ AFT ϯϳK Breathing OFF OFF
Test ϮϮ AFT ϯϳK Breathing OFF OFF
Test Ϯϯ AFT ϯϳK Breathing OFF ON
Test Ϯϰ AFT ϯϳK Breathing OFF ON
Test Ϯϱ AFT ϯϳK Breathing OFF ON
Test Ϯϲ AFT ϯϳK Coughing OFF OFF
Test Ϯϳ AFT ϯϳK Coughing OFF OFF
Test Ϯϴ AFT ϯϳK Coughing OFF OFF
Test Ϯϵ AFT ϯϳK Coughing OFF ON
Test ϯϬ AFT ϯϳK Coughing OFF ON
Test ϯϭ AFT ϯϳK Coughing OFF ON
Test ϯϮ FWD-MID ϭϴA Breathing OFF OFF
Test ϯϯ FWD-MID ϭϴA Breathing OFF OFF
Test ϯϰ FWD-MID ϭϴA Breathing OFF OFF
Test ϯϱ FWD-MID ϭϴA Breathing OFF ON
Test ϯϲ FWD-MID ϭϴA Breathing OFF ON
Test ϯϳ FWD-MID ϭϴA Breathing OFF ON
Test ϯϴ FWD-MID ϭϴA Coughing OFF OFF
Test ϯϵ FWD-MID ϭϴA Coughing OFF OFF
Test ϰϬ FWD-MID ϭϴA Coughing OFF OFF
Test ϰϭ FWD-MID ϭϴA Coughing OFF ON
Test ϰϮ FWD-MID ϭϴA Coughing OFF ON
Test ϰϯ FWD-MID ϭϴA Breathing OFF ON
Test ϰϰ FWD-MID ϭϴE Breathing OFF OFF
Test ϰϱ FWD-MID ϭϴE Breathing OFF OFF
Test ϰϲ FWD-MID ϭϴE Breathing OFF OFF
Test ϰϳ FWD-MID ϭϴE Breathing OFF ON

ϴͬϯϬͬϮϬϮϬ ϳϲϳ InͲFlighƚ DaǇ ϭ TeƐƚing
Inflighƚ TeƐƚƐ Aiƌfƌame Secƚion RoǁͬSeaƚ Locaƚion TeƐƚ TǇpe GaƐpeƌƐ ManneƋƵin MaƐk

Test ϰϴ FWD-MID ϭϴE Breathing OFF ON
Test ϰϵ FWD-MID ϭϴE Breathing OFF ON
Test ϱϬ FWD-MID ϭϴL Breathing OFF OFF
Test ϱϭ FWD-MID ϭϴL Breathing OFF OFF
Test ϱϮ FWD-MID ϭϴL Breathing OFF OFF
Test ϱϯ FWD-MID ϭϴL Breathing OFF ON
Test ϱϰ FWD-MID ϭϴL Breathing OFF ON
Test ϱϱ FWD-MID ϭϴL Breathing OFF ON
Test ϱϲ FWD ϲA Breathing OFF OFF
Test ϱϳ FWD ϲA Breathing OFF OFF
Test ϱϴ FWD ϲA Breathing OFF OFF
Test ϱϵ FWD ϲA Breathing OFF ON
Test ϲϬ FWD ϲA Breathing OFF ON
Test ϲϭ FWD ϲA Breathing OFF ON
Test ϲϮ FWD ϲA Coughing OFF OFF
Test ϲϯ FWD ϲA Coughing OFF OFF
Test ϲϰ FWD ϲA Coughing OFF OFF
Test ϲϱ FWD ϲA Coughing OFF ON
Test ϲϲ FWD ϲA Coughing OFF ON
Test ϲϳ FWD ϲA Coughing OFF ON
Test ϲϴ FWD ϲD Breathing OFF OFF
Test ϲϵ FWD ϲD Breathing OFF OFF
Test ϳϬ FWD ϲD Breathing OFF OFF
Test ϳϭ FWD ϲD Breathing OFF ON
Test ϳϮ FWD ϲD Breathing OFF ON
Test ϳϯ FWD ϲD Breathing OFF ON
Test ϳϰ FWD ϲL Breathing OFF OFF
Test ϳϱ FWD ϲL Breathing OFF OFF
Test ϳϲ FWD ϲL Breathing OFF OFF
Test ϳϳ FWD ϲL Breathing OFF ON
Test ϳϴ FWD ϲL Breathing OFF ON
Test ϳϵ FWD ϲL Breathing OFF ON
Test ϴϬ FWD ϲL Coughing OFF OFF
Test ϴϭ FWD ϲL Coughing OFF ON
Test ϴϮ FWD ϲL Coughing OFF OFF
Test ϴϯ FWD ϲL Coughing OFF ON
Test ϴϰ FWD ϲL Coughing OFF OFF
Test ϴϱ FWD ϲL Coughing OFF ON

ϴͬϯϭͬϮϬϮϬ ϳϲϳ InͲFlighƚ DaǇ Ϯ TeƐƚing



ϰϭ 
 

AƉƉeŶdiǆ B ʹ Aiƌfƌaŵe BƌeaƚhiŶg ZŽŶe PeŶeƚƌaƚiŽŶ MaƉƐ 
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