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Why CAQIII?
Bleed Air Contamination with Engine QOil CAQ
\)

OII Fumes / Fume Events CABIN AIR QUALITY I

What is the hazard?

e i What is the frequency?
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Why CAQIII? Mobil Jet

Risk Assessment

Only objective: Qil events and toxic
effects of oil vapors!

Workshop Task: What are the
definitions for Air Quality Event,
Fume Event and Smell Event? @

What counts?

RISK = HAZARD x FREQUENCY

I

What is toxic?
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Why CAQIII?
Risk Assessment CA
- 3

Decision Body

Authorities in
Aviation

FAA. EASA) RISK = HAZARD x FREQUENCY

\
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Why CAQIII?
Data Generation for Risk Assessment CAQ
W\

I
CABIN AIR QUALITY 1l

Decision Body Research Panel

Analytical-Data In-Flight-Data

b4

HAZARD x FREQUENCY

I

Toxicity-Data Ground-Test-Data

Authorities in
Aviation
(FAA, EASA)
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What will the CAQIIl project do —and not do?
@
W

CABIN AIR QUALITY 1l

\

Page 7 2/20/2024 © Fraunhofer ITEM - confidential - % F ra u n hOfer

ITEM



lllll
lllll
aasan
EEREEE

2
-~ © | cABINARQUALITY N
Introduction to the CAQIII project I

“Cabin air quality assessment
of long-term effects of contaminants”
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Introduction to the CAQIIIl project
Previous Campaigns CA
— A | A\

External Internal

~.

Engine Exhaust

CABIN AIR QUALITY 1l

' CAQI and CAQIl (B787)
' Objective:

' Cabin Air Quality and oil events
- during flight

Result:
. Cabin air quality for
' normal condition is good

,,no oil-related fume

L@—r—/
Traffic f

Oil

event”
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HEPA-Filter Sampling Strategy

Introduction to the CAQIIIl project
@
A\

CABIN AIR QUALITY 1l

External

~.

Engine Exhaust

CAQlI

Urban Pollution

Cabin Air

|| 000000000000 DUDUUIJ]DO

Traffic HEPA Filter

\
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HEPA-Filter Sampling — General Principle

Introduction to the CAQIIIl project
@
W\

CABIN AIR QUALITY 1l

Eckels et al. 2014 »»» 4 TCPs isomers & some Qil esters
CAQlll »»» 10 TCPs, Oil esters, Carboxylic acids, Aldehydes,
VOC, SVOC, Heavy Metals & Unknown Screening

|

Mobil
>

Jet_

CJet Ol 2022 300822 SCAN St 60T (Temp.prog. wie OPC-Methade)

Atundance 2043 nympz
4ye07
1407 o 32166 245

Analytical
Oil Characterization

2e(7

|
Oil Fingerprint

404812
IBTOU 3p pepdd CI:“
A
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Introduction to the CAQIIIl project
HEPA-Filter Sampling — Analytical Groundwork

G

CABIN AIR QUALITY 1l

Extensive Analytics

CAQIll

i P
S

1% N-Phenyl-(1-naphthy§sathj >5% alkylated Diphenylamines

@]
HaC o |
w CH3 H3C O/T\O CH3
: 1
H3C
Hsc\)\« 77/\/\CH3
O 0]
95% Pentaerythritol-esters with acid-lengths CHs
between C5 and C12 3% mixture of mpTCP Isomers

\
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HEPA-Filter Sampling — Analytical Groundwork

Introduction to the CAQIIIl project
@
W\

GC-MS of Mobil Jet Oil 1l

25% - CABIN AIR QUALITY Il

20% -

3% TCP isomers

15% -

10% -

Sum of Peak-area TIC

5% -

0% T T T T T
219 368 393 444 472 486 500 514 528 542 556 570
molar weight [g/mol]

95% Pentaerythritol-esters with acid-lengths
between C5 and C12

_—
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Introduction to the CAQIIIl project
HEPA-Filter Sampling — Analytical Groundwork CA%
\

H;C

O O CABIN AIR QUALITY Il
\/\/\//< WCH3
O o)

OH

Methylbutyric acid O

Pentanoic acid

7//\/\CH3 ,old socks or wet dog”“

95% Pentaerythritol-esters with acid-lengths
between C5 and C12

\

Page 14 2/20/2024 © Fraunhofer ITEM - confidential - % F ra u n hOfer

ITEM



Introduction to the CAQIIIl project
HEPA-Filter Sampling — Analytical Groundwork
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QET &

10 TCP isomers with m/z = 368
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Extensive Analytics

GC Resolution of the 10 TCP Isomers

Intensity [counts]

A
\

CABIN AIR QUALITY 1l

time [min]
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Introduction to the CAQIIIl project

HEPA-Filter Sampling — Analytical Groundwork A \
— \

165 368 Extensive Analytics CABIN AIR QUALITY il

5000 e Intensity [counts]

65.0 1oro 277.0

‘ ‘ }1970 261.0
| || ‘ ”. M| 13?'0 ||\ b |\|| 2430 |‘. 1

T T T
miz—= 100 200 300

Abundance| 3rb o

mmmTCP
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165.0

198.0 243.0 261.0

1000 3 39.0 2.0
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—
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Introduction to the CAQIIIl project

HEPA-Filter Sampling — Analytical Groundwork A \
— \

165 /368 Extensive Analytics CABIN AIR QUALITY Il
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Introduction to the CAQIIIl project
HEPA-Filter Sampling — Storage Procedure until Analysis

P— |
HEPA-Filter sampling and analytical

~y
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A
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L
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| method development in progress

L (first results expected at the end of 2023)
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dismantling vacuuming sieving
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Introduction to the CAQIIIl project
HEPA-Filter Sampling — Sampling Protocoll
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@ LUFTHANSA GROUP

HEPA Filter Sampling Protocol o

Q

CABIN AIR QUALITY 1l

Airline:
Choose name
Complaint
OYes  [ONo

Aircraft type:

Choose type

Date of complaint: CINo
Click here to enter a date

Contact person:
Enter your name
Filter type:
Choaose type

Information on the filter:

Filter Part. No.:
Enter number
Manufacturer:
Choose manufacturer

Installation date:
Enter installation date
Date of removal:
Date of removal

Operating hours:
Enter hours

Type of complaint:
Choose complaint

Information on the filter use:

Area of operation 1:
Choose continent
Average flight time:
Choaose duration

Area of operation 2:
Choose country

No. of takeoffs:
Enter number

R

CABIN AIR QUALITY 1l

Information on complaint:

Z Fraunhofer
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Introduction to the CAQIIIl project
HEPA-Filter Sampling — i) In-Flight ii) @ AIRBUS CA \
\

Extensive Ana Iytics CABIN AIR QUALITY Il

ii) HEPA FILTER SAMPLING ON GROUND
= Aircraft fume event simulation (Toulouse)

“let 012022 30.08.22  SCAM Start 60°C  (Temp.-prog, wie OPC-Methods)

htundance 2040 Nfmp3

Analytical
Oil Fingerprint

o074

a7 4 32 165 H24

PO &7 nm
20407 MWETY kLT TH

402

14007 - 9 462 10T
e V] ¥ 208 0412
J 1820 w) TR 3 00080
).

0 T
Tirtg—» 20,00 a0

i) HEPA FILTER SAMPLING IN-FLIGHT

= A320 fleet from participating air lines (fume event)

HEPA Filter

= Selected B787 aircraft from participating air lines

\
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HEPA-Filter Sampling —iii) Fume Event Simulation without External Contamination

Introduction to the CAQIIIl project
@
A\

Extensive Analytics CABIN AIR QUALITY III

Sampling Vessel

“Jet O 2022 30.08.22  SCAN Start 60°C  (Temp.-prog, wie OPC-Methede)

Analytical
S| : Oil Fingerprint
. 7777 77777777777777777777777777777777777777777 B Jg+07 o 32 186 U245
Bleed Air Cc|| T
: ‘ Sampling Vessel 1N
Simulat | SRR AT ol ool | P
— | | o g 114
i | i < | ; Jl“ﬁ mﬁj '
ot 20,00
Page 21 2/20/2024 © Fraunhofer ITEM - confidential - % FraunhOfer

ITEM



Introduction to the CAQIIl project
ECS & Duct Sampling — Secondary Event Investigation

APU bleed valve

APU check valve

P2 APU bleed duct

D P3 Engine HP/LP bleed

LUFTHANSA GROUP

Extensive Analytics

g

CABIN AIR QUALITY 1l
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Introduction to the CAQIIIl project LUFTHANSA GROUP AQ
W\

ECS & Duct Sampling — Secondary Event Investigation

CABIN AIR QUALITY 1l

About 100 ECS & duct parts from

= 7% three A320 aircraft:

' -;- Part selection and analytical

- -

€ = method development in progress

(first results expected at the end of 2023)

\
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Extensive Analytics

|
- confidential - % Frau n hOfer

Page 23 2/20/2024 © Fraunhofer ITEM
ITEM



Introduction to the CAQIIIl project
iii) Fume Event Simulation CAQ
W\

CABIN AIR QUALITY 1lI

Sampling Vessel

Fume event

\
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Introduction to the CAQIIIl project
Fume Event Simulation & Toxicity Study

d ¥ Rijksinstituut voor Volksgezondheid ( AQ
— 4 en Milieu \\
Ministerie van Volksgezondheid,
Welzijn en Sport

CABIN AIR QUALITY 1l

Mobile LAB for
Animal Tests

\
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Introduction to the CAQIIIl project

Fume Event Simulation & Toxicity Study Exhaust Compreced A

Sampling vessel

W

CABIN AIR QUALITY 1l

l Test setup BACS sample 0 QO CI
R transfer line | 9 )
Mobile LAB for
Animal Tests
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Fume Event Simulation & Toxicity Study

Introduction to the CAQIIl project HELMHOLTZ
— MUNICI? G&

CABIN AIR QUALITY 1l

* AChE- and BChE-Assay /\
A\
 Metabolome Analysis G M C German
M Clini
* Brain hemisphere PR

protein analysis
* Blood markers

Brain and behaviour @

analysis at GMC

Bioanalytics

OECD TG 412: sub
acute inhalation study

* Brain hemisphere
histopathology

* Lung
histopathology

Dissection )
Animal Exposure

Neurotoxicity assessment

\
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Introduction to the CAQIIIl project
Bioanalytics: Choline-Esterase Assay

R

|
' ' CABIN AIR QUALITY Il
* AChE- and BChE-Assay InstPharmToxBw
0.6 2.599
.
. e 150NN 2.0+ ,a-"’f
e 0.4 T 200 ol
i e 1.5 d
e F‘_f"" e .
'g- -*r_.d‘r' _x 2500M X .
N — ™ 1.0+
£ 0.2+ = == B
L1l a0 ﬂEEIFj 0.5+
» g-o-E-0-8-8-8-8-8-8-8-0 430nM
0.0 1 I , 0.0 T I 1 1 1
0 2 4 8 1] 22107 4107 Ex107  Bui0T  AwiD?
Zeit [min] 1% (1-alpha)™’
Q abbildung 7: Hemmkinetik der hurnanen BChE durch CBDP. Gezeigt ist die sich verandernde Kinetik bei steigenden
. . ¥onzentrationen des Organophosphates CEDP van 150 nM bis 450 nbA (links). 1 &0 words gegen 1 ] (1-a)* aufgetragen
Assay adaptation required! {rechs)
_——
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Introduction to the CAQIIIl project
Bioanalytics: Choline-Esterase Assay

CABIN AIR QUALITY 1l

* AChE- and BChE-Assay

O—P—0O O—P—0O
; ;
- Cresol @:/OH Ox @i
000TCP

Cresyl saligenin phosphate (CBDP)

\
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Introduction to the CAQIIIl project
Bioanalytics: Choline-Esterase Assay

* AChE- and BChE-Assay

BChE-Serl98-0H

/ BChE- Herl‘}E

H.0

8\,9 Q o

“P—0 S 0— }IJ-{}
(') Oy

HO.

Cresyl saligenin phosphate (CBDP)
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BChE-Ser198
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Saligenine
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CABIN AIR QUALITY 1l

InstPharm ToxBw

Organophosphate-Induced
Delayed Neuropathy (OPIDN)

BChE-Ser1 98
+ H20 |

0
—_—— HO— ll-’=f.'l %
\ [L)H —
\‘ Phophoserine \/

OH Bioanalytics

0-Cresol
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Introduction to the CAQIIIl project
Bioanalytics — Metabolom Analysis

T

1019 Metabolites

__ 107 Small Molecules

912 Lipids (e.g. Sphingo myelin)
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EEVATID - ‘ll EXtenSIve Analytlcs CABIN AIR QUALITY 1lI
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Organophosphate-Induced
Delayed Neuropathy (OPIDN)

| i 3
el "":J -
[ 1] =

= -
- g g .y

RGO '~"‘ -------- b "'_t
hin o 4 L THLYSOLECT i': ‘\*_I
phingo ™ rgseea™ T ke
nyelln 2 e IO

AL AN

.;,;;-f+ --‘-.----H+ -\’--1----1——:‘I:-};—-—s' ----------- o e SO ".'.._._.._-.'I_..--..._. —_/ Nerve injury: OPIDN (Image by DING Qiang)
€ e U] ;s s
Changes in cell wall biochemistry
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Introduction to the CAQIIIl project o National Research Centre

=
3
Toxicological Hazard Assessment — for "';w""'"’ Environment
— openhagen

CABIN AIR QUALITY I

Literature Data
Bioanalytical Data

Decision Body
TOX Database /
\ e
O

Target Selection
National Research Centre
G]_ for the Working Environment and

— Copenhagen Toxicological

Authorities in
Aviation
(FAA, EASA)

Hazard/Risk

/ T Assessment

Simulation Data \

In-flight Data
Ground Test Data

\
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Introduction to the CAQIIIl project
The overarching goal... “Data Generation for Risk Assessment”

CABIN AIR QUALITY I

Y'w

\

\

\ N \
Raa

“The CAQIIl project is

l Vi 1= intended to provide scientific
Q““\t\\ V"'” o~ ' empes=="  ayjidence (data) related to the
' health effects of oil-related
fume events.”

Illllmm...,‘ #“\’g < .

= : RISK = HAZARD x FREQUENCY
Page 33 2/20/2024 © Fraunhofer ITEM - confidential - % Frau N hOfer

ITEM



RIVM

—

o

=== for the Working Environment PSP Rijksinstituut voor Volksgezondheid
| E—

Copenhagen en Milieu
Ministerie van Volksgezondheid,

Welzijn en Sport

National Research Centre

Thank you for your
attention! E/lirgzncnnic
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