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WP4: HEPA-Filter, Ground Aircraft Test & ECS-Sampling 
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CAQIII - Understanding cabin air quality
WP4: HEPA-Filter, Ground Aircraft Test & ECS-Sampling 

CAQIII integrated HEPA filter testing:

i)   HEPA filter sampling strategy

ii)  HEPA filter sampling in aircraft (during flight)

iii) HEPA filter sampling in aircraft (on ground)

iv) HEPA filter sampling in laboratory (BACS)
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CAQIII - Understanding cabin air quality
i) HEPA Filter Sampling Strategy

RISK = HAZARD x FREQUENCY

How can a reliable „Fume Event“ identification be done? 

Data Generation
& Usage 
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External Contamination                                    Internal Contamination

Oil

CAQIII - Understanding cabin air quality

3/7/2024

i) HEPA Filter Sampling Strategy
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HEPA Filter
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CAQIII - Understanding cabin air quality
i) HEPA Filter Sampling Strategy – Duration of exposure and dose intake

Airport (20%) Cruise (80%)

Source: https://img.freepik.com/fotos-premium/stau-in-der-stadt-chaos-verkehrskollaps-in-der-stadt_1021945-577.jpg https://www.kulturbund-nordhausen.de/wp-content/uploads/2019/08/Landstra%C3%9Fe-in-Italien-1024x768.jpg

https://img.freepik.com/fotos-premium/stau-in-der-stadt-chaos-verkehrskollaps-in-der-stadt_1021945-577.jpg
https://www.kulturbund-nordhausen.de/wp-content/uploads/2019/08/Landstra%C3%9Fe-in-Italien-1024x768.jpg
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CAQIII - Understanding cabin air quality
i) HEPA Filter Sampling Strategy – B787 as negative control 

Airport (20%) Cruise (80%)

Source of Oil Contamination

A320 Airport +     Bleed Air

?% 20%

Bleed Air

80%

B787
(no bleed)

Airport

X%  0% 0%
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CAQIII - Understanding cabin air quality

3/7/2024

i) HEPA Filter Sampling Strategy
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Oil Event
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Introduction to the CAQIII project

3/7/2024

HEPA Filter Sampling in Aircraft – ii In-Flight iii) Ground Test 
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 A320 fleet from participating air lines (fume event)

 Selected B787 aircraft from participating air lines

HEPA Filter

ii) HEPA FILTER SAMPLING IN-FLIGHT

iii) HEPA FILTER SAMPLING ON GROUND
 Aircraft fume event simulation (Toulouse)

Analytical 
Oil Fingerprint



- confidential -

CAQIII - Understanding cabin air quality

3/7/2024

HEPA Filter Preparation and Storage – How?
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Size reduction 

and long term 

storage?

120 HEPA Filter from 
A320 Aircraft

CAQ III
NEEDS YOUR B787 

HEPA FILTER 
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CAQIII - Understanding cabin air quality

3/7/2024

HEPA Filter Preparation and Storage (Operation Procedure)
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i) Dismantling Work

iii) Sieving Operation

ii) Vacuuming

iv) Storage of Dust Samples

v) Storage of Punch 
Samples
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CAQIII - Understanding cabin air quality

3/7/2024

HEPA Filter Sampling in Aircraft – Oil Content HEPA Filter [µg/g Dust] – A320
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TCP in Dust HEPA-Filter

µg MJO II/g in Dust
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CAQIII - Understanding cabin air quality

3/7/2024

HEPA Filter Sampling in Aircraft – IPPhP [µg/g Dust] – A320
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November 2023
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CAQIII - Understanding cabin air quality

3/7/2024

HEPA Filter Sampling in Aircraft – Cosmetics [µg/g Dust] – A320
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CAQIII - Understanding cabin air quality

3/7/2024

i) HEPA Filter Sampling Strategy– Background Contamination
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CAQIII - Understanding cabin air quality

3/7/2024

iv) HEPA Filter Sampling in Laboratory (BACS)

© Fraunhofer ITEM16Page 

Engine simulator    Mixer       Pre-cooler            Sampling vessel

350°C / 6 bar „Fume Event“
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CAQIII - Understanding cabin air quality

3/7/2024

Oil decomposition due to heat and pressure
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CAQIII - Understanding cabin air quality

3/7/2024

Transferability of BACS to the Cabin Air: VOC Spectra from Mobil Jet Oil II

© Fraunhofer ITEM18Page 

BACS, IBP, Holzkirchen

Germany

B747, FAA Atlantic City

USA
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CAQIII - Understanding cabin air quality

3/7/2024

BACS and B747 VOC Spectrum is dominated by Carboxylic Acids
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CAQIII - Understanding cabin air quality

3/7/2024

Synthetic esters and partially hydrolyzed esters from MJO II
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CAQIII - Understanding cabin air quality → What and How Much?

3/7/2024

BACS: Comparison of ON-line (PTR-MS) and OFF-line Analytical Methods

© Fraunhofer ITEM21Page 
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CAQIII - Understanding cabin air quality
i) HEPA Filter Sampling Strategy

RISK = HAZARD x FREQUENCY

Reliable „Fume Event“ Identification?

How much oil has a HEPA filter after a “Fume Event“?
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CAQIII - Understanding cabin air quality
i) HEPA Filter Sampling Strategy

Consideration: 
1.5 min “Fume Event”
at 5 ppm oil should be 
detectable (200 mg).

6mg Oil/m3

How much oil has a HEPA filter after a “Fume Event“?
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CAQIII - Understanding cabin air quality

3/7/2024

iv) HEPA Filter Sampling in Laboratory (BACS)
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BACS: Sampling Vessel
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CAQIII - Understanding cabin air quality
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Carboxylic Acids & Aldehydes
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BACS: Sampling Vessel

Oil Injection

1 mg 
MJOII /m3

A                             B

0

20

40

60

80

100

120

140

160

180

A New HEPA B New HEPA A Old HEPA B Old HEPA

OAc Ald

First Conlusions: 

 OAc and Ald do pass HEPA filter

 Fluctuation of Ald unclear
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CAQIII - Understanding cabin air quality

3/7/2024

VOC
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BACS: Sampling Vessel

A                             B

First Conlusion:
  
 VOC do pass HEPA filter
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CAQIII - Understanding cabin air quality

3/7/2024

Esters & TCP
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BACS: Sampling Vessel

A                             B
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CAQIII - Understanding cabin air quality

3/7/2024

Teruel HEPA-Filter Sampling
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Teruel (Spain)
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IBP BACS
Fume Event

CAQIII - Understanding cabin air quality

3/7/2024

In-Flight HEPA-Filter Sampling – Oil Content HEPA Filter [µg/g Dust]
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CAQIII - Understanding cabin air quality
WP4: HEPA-Filter, Ground Aircraft Test & ECS-Sampling 

iii) HEPA Filter Sampling in 
Aircraft (on ground)

    

2024
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CAQIII - Understanding cabin air quality
iii) HEPA Filter Sampling in Aircraft (on ground)

FACTS ground test:

• First broad analytical spectrum of realistic oil smell event 

• Confirmation of most prominent oil breakdown products 

CAQIII ground test:

• Will use the proven concept from FACTS ground test

+ improvements 
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CAQIII - Understanding cabin air quality
iii) HEPA Filter Sampling in Aircraft (on ground)

CAQIII ground test improvements:

• Best possible reduction of background contamination

• Improved analytical methods

• Improved sampling concept

• Analysis of HEPA filters
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CAQIII - Understanding cabin air quality
iii) HEPA Filter Sampling in Aircraft (on ground)

(1) Cabin air supply

(2) Cockpit air supply 

(3) Trim air supply
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CAQIII - Understanding cabin air quality

3/7/2024

iii) HEPA Filter Sampling in Aircraft (on ground)

© Fraunhofer ITEM34Page 

Oil Event

(1) Cabin air supply

(2) Cockpit air supply 

(3) Trim air supply
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CAQIII - Understanding cabin air quality
iii) HEPA Filter Sampling in Aircraft (on ground) – Improved Sampling
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CAQIII - Understanding cabin air quality
iii) HEPA FILTER SAMPLING IN AIRCRAFT (ON GROUND)
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CAQIII - Understanding cabin air quality
WP4: HEPA-Filter, Ground Aircraft Test & ECS-Sampling 

CAQIII integrated HEPA filter testing:

• HEPA filter sampling in aircraft (during flight)

• HEPA filter sampling in aircraft (on ground)

• HEPA filter sampling in laboratory (BACS)
Fume Event simulation
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CAQIII - Understanding cabin air quality

3/7/2024

CALL: Please send us your B787 HEPA filters (it is waste anyway)

© Fraunhofer ITEM38Page 

120 HEPA Filter from 
A320 Aircraft

CAQ III
NEEDS YOUR B787 

HEPA FILTER 



Thank you for 
your attention!
—

„Journalists report plane crashes, not planes that take off.“
                       Steven Pinker 2015
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