
Cabin Air Quality 

May, 2017By Eric Christopher Bula Pall Aerospace Chief Engineer.



Disclaimer /// 

This presentation is the confidential work product of Pall Aerospace. No portion of this presentation may be copied, published, 

performed, or redistributed without the express written authority of a Pall Corporation Officer.

The technical data incorporated in this presentation is subject to the export control laws of the United States, in particular, the 

Export Administration Regulations, ECCN 9E991. Technical data may not be transferred or otherwise disposed of, either in its 

original form or after being incorporated into other data, in any way inconsistent with U.S. export control laws.

© 2017 Pall Corporation



Cabin Air Quality

- Concerns -



400+

reports

75 

events

(only in 2014)

The Need For Improved Cabin Air Quality

A total of 845 reports are included in this study: 

• 663 of them were connected to Cabin Air Quality

• in 180 reports, health impairments were described although 

there could not be a conjunction with Cabin Air Quality

• in one case a fire occurred in an airplane

• in another there were flying sparks and smell development 

due to a defective fan.

Reports and incidents related to cabin air 
have increased year on year for the past decade.

Source: Aviation Herald (avherald.com)



• Every day an average of 5.6 bleed air contamination events take 

place in the US 

• 60% are reported in flight and 3% result in an emergency action

Impact of Fume Events

“



Sources of Cabin Air Odours



- Current System Architecture -



Typical Cabin Air System

In a typical commercial cabin air recirculation system, air supplied into the cabin consists of 

approximately:

• 50% outside air from either engine's compressor stage (engine 'bleed air') or the Auxiliary 

Power Unit (APU) mixed with approximately

• 50% of filtered, recirculated air.



- VOC’s What/Where-



Particulate

• Bacteria

• Viruses

VOCs

• Bleed air

• Airport pollution

• Galley/cabin

• Electrical

• Microbial

.

Ozone

Sources of Air System Contamination

Today’s minimum performance: New Technology to protect passengers & crew:



How do we categorise VOC’s?

What is a VOC?
"any organic compound having an initial boiling point less than or equal to
250°C (482°F) measured at a standard atmospheric pressure."

There are three distinct groups of Volatile Organic Compounds (VOCs). These
differ based on the boiling point of each chemical; they include:-

VVOCs (Very Volatile Organic Compounds) <50°C
VOCs (Volatile Organic Compounds) 50-150°C
SVOCs (Semi Volatile Organic Compounds) 150-250°C.

Some chemicals, e.g. Formaldehyde & Acetaldehyde more accurately fit within
the VVOC grouping, whilst chemicals including Benzene, Toluene and Xylenes
fit more accurately within the VOC grouping, Tricreysl Phosphates TCP, Tributyl
Phosphates TBP & Triphenol Phosphates TPP fall into the SVOC category.
VVOC’s & VOC’s are in vapour form whilst SVOC’s are a combination of vapour
& ultra fine condensates, latter due to cooling via Air Cycle Machine.



Sources of VOC’s

 With regard to chemical exposures, air quality could be affected by following:

 Outdoor air in general

 Airport environment (e.g., fuel, exhaust gases, particles etc.)

 De-Icing procedures (e.g., propylene glycol)

 Ozone at high altitude

 Bio-influenced emissions by occupants in aircraft, predominantly carbon dioxide 
(CO2), certain volatile and semi volatile organic compounds (VOC/SVOC) and, 
occasionally offensive smell

 VOC/SVOC emissions by entertainment devices

 Technical dysfunctions of aircraft systems, e.g. sealing failures (engine oil, hydraulic 
liquids, combustion products of overheated oils)

 VOC/SVOC emissions by maintenance and cleaning (cabin equipment, galley, 
engines, environmental control system, furnishings etc.)

 Cabin generated VOC’s (Galley, Lavatory, cleaning products, alcohol, passengers)



Bleed Air VOC’s

https://www.youtube.com/watch?v=ETRZDsgjEvE

 Bleed air contains VOC’s – particularly as engines age

 Seal leakage- particularly at engine start up, take off and descent

 Hydraulic fluid leakage in APU

 Taxiing behind other aircraft

 Ground vehicles

 De-icing fluid in APU and engine inlets

 Engine wash

Fume events are seldom dangerous but they can be disruptive because identifying a 
smell is time consuming and crew members are not always able to detect its source. 
Despite the rarity of such incidents, they do occur frequently enough to concern 
airlines.

https://www.youtube.com/watch?v=ETRZDsgjEvE


Cabin Air Contaminant 

- ultra fine particles (<0.1 microns)-

Cabin air particulate tests measured using particle counter in range 1µm to 20nm:

In air delivered to cabin with recirculation air only (fan only) 10 particles per cc air

In air delivered to cabin with APU and fan running 50,0000 ultra fine particles per cc air

• reduced to (after 2 hours and located away from the nozzle) 35,000 per cc air 

Office and home environment  8,000 particles per cc air

Carpark next to motorway 50,000 particles per cc air

Hydro carbons are the probable source of Ultra Fine Particles (UFPs)



- VOC Returns Analysis –



Adsorbed Compounds 

- A320 A-CAF -

- analysis of HEPA and Carbon Filters from March 2016 returns



Bleed Air contaminants identified from 6 cabin air VOC filters

– non passenger a/c (recirculation line)

Adsorbed Compounds 

- cargo hold air VOC filter -

Bleed Air contaminants identified from 6 cabin air VOC filters
– non passenger a/c (recirculation line)



Press Release



- FILTER TECHNOLOGY -



Pall Aerospace Cabin Air Products

Pall Aerospace currently supply:
• HEPA filters for most aircraft types.
• ACAF for Airbus and Boeing aircraft

•A330/340, A320, B757 cockpit
•Pall have been supplying ACAF for over 10 years – A330/A340
•Pall manufacture CBRN filters using carbon technology
•We have extensive experience in adsorption technologies
•Products in development for A380, B777, B737, B767, B757 

cabin



Active Carbon Technology

Immobilized activated carbon matrix is 

comprised of specially formulated 

activated carbon beads derived from 

polymer spheres

Experience and Expertise

in Cabin Air Filtration Technology 

Polymer Blend
specifically designed for Cabin Air

Uniform Bead Formation

Pyrolysis

Activation



Ozone Removal

 Germany introducing maximum ozone levels across all sectors

• 100ppB maximum

• Pall A-CAF removes ozone



- Empirical data  -



Identical volumes of carbon used.

Graph shows the performance of the Pall polymeric bead carbon was significantly better 

than a coconut shell carbon.

The specially formulated polymeric bead matrix

was around twice as efficient.

Carbon Materials 

- comparison -

Comprehensive test program comparing all available carbons



Relative Cabin Air VOC Removal

- after Fume Events-

Minutes



How The A-CAF Recirculation Help

 It WILL

 Remove non persistent odours and fume from the cabin 3 to 4 times faster 

than a cabin without A-CAF

 By calculation and trials on an aircraft.

 Reduce the number of reported incidents

 Reduce lingering smells

 Improve crew confidence in air quality  

 Demonstrate the airline is taking all available measures to improve air quality

 Reduce ozone levels to impending limits (100ppB)

 It WILL NOT stop fume events

 Recirculation line only

 Will not prevent the initial entry of bleed air odours to the cabin



CABIN AIR FILTRATION

- PUREcabin –



 Current filtration systems only filter the recirculating air

 Full cabin air filtration will eliminate virtually all fume events

• Improve cabin air quality

• Prepare for potential future regulations

• Further reduce Diversions and Turnbacks

• Mitigate conditions for microbial VOC

o Damp, humid conditions can introduce microbial VOC

o Fume events can introduce microbial VOC

o Discernible odour can be detected at parts per Trillion (ppT)

− Viability of including microbial reduction brought into scope

The Remaining Problem



The Solution

The PUREcabin system will comprise of:

 Mist and Vapour Eliminator (MAVE)

• May include active, in-line anti-microbial

 Specialized sensor to identify fume event

 Existing HEPA-VOC (HVOC) Filter recirculation filters

The PUREcabin requirements are:

 MAVE Filter change-out to be in line with routine maintenance activity 

 Cabin Odour Filter to remove cabin-introduced VOC’s

 VOC sensor to identify fume event signatures for maintenance activities

A real step up in Cabin Air Management!



PUREcabin

- VOC SENSOR -



VOC Sensing

(Cabin & Bleed Air)

Identifies Presence and Disappearance of Fume event

Categorizes the fume event based on prescribed 

conditions, e.g.:

• Event #1 – Skydrol leak 

• Event #2 – Lube oil leak

• Event #3 – Deicing Fluid

• Event #4 – Other

Improves efficiency of maintenance activities

Enables predictive maintenance (identifying trend of VOC 

levels in line with impending failures)

Enables pilot decision to fly post fume event

(without the need for aircraft engineers to fly to the a/c)

Ensures a pro-active approach by improving 

overall cabin air quality for crew and passengers

- Three prototypes assembled & tested in 
A320 in hanger

- Fume events simulated by spraying / 
burning fluids in cargo hold

- Vapours & fumes drawn through HEPA 
filter and circulated through cabin
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