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PRESSURISATION
What do these columns have in common?

Stratocruiser Caravelle

Constellation B727, B737
Comet A300 —)
Convair880/990 F28, F100... me—)

DC8 ERJ 135..., E-170...
VC10 BAe 146/R) s

B707 + B787 (Dreamliner) A350, A380
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PRESSURISATION
What do these columns have in common?

Stratocruiser Caravelle

Constellation B727, B737 —
Comet A300

—)
Convair880/990 F28, F100...
DCS8 ERJ 135..., E-170... —
VC10 (1962) BAe 146/R)  wb
B787 — Dreamliner (2008) A350, A380
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Cabin Blower - AiResearch - Garrett

B-29 Crews Above 30,000 Feet
Breathe zithout oxyzen masks

40,000 FT.

B1% LESS OXYGEN
THMAN AT SEA LEVEL

AiResearch Pressurized Cabin
Controls make it possible.They promise
a new kind of air travel postwar

canry heavier bomb loads faster and farther
than ever before, the giant Superfortress flies the
substratosphere route! Away up there— 30,000 feet
or more—where air is much too thin to sustain life
without the aid of oxygen masks.

It was too thin. Jt isn't any more inside the Boeing
B-29 Superfortress. In its pressurized cabin,
AiResearch ols cor ly keep the air p
at a safe “low altitude.” And at the same time these

itrols maintain a fortable flow of fresh air

S54% LESS OXYGEN

.

and breathe as at home, without
b 7 b lothing...with-
Hhowever high they fly.
worked long and closely
rmy Air Forces to perfect the
You'll hiear more about this mir- o »
military achievement vital now. - -
pssil hfr-!tu. smoother planes to " ) \U.UUU FT.

zh the upper air in ‘ _‘ . % ),411»::}.1:’;5s?::&‘:': <
Manufacturing - }' G : "p '#J*Y

Boeing B-29 Superfortres
First Flew: 1942
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1954 — Dash 80 (Boeing 707)
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Turbo compressors




1952/53 —J57 Engine

“w= B-52and the F-100 — Bleed Air

The J57 (JT3) Engine was the first Pratt &
Whitney-designed turbojet.

Early use of MIL-L-7808 Synthetic oil
Type | or 3 centistoke jet oils



15 January 1954

* Engine Compressor Bleed Air Contamination Study
- XC-132 Project - R.W. Maddock — Douglas

* J-57 & T-57 engine contamination problemes.

* The paper states the problem was first reported in
the flight-testing of the B-52 in 1952.

* “Apparently the occurrence is completely erratic,
with no predictable pattern since contamination
has occurred at all modes of airplane operation,
such as take-off, high altitude cruise, descent and
taxi. So far there is no known condition or
sequence of conditions, which will reliably
reproduce the trouble.”
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15 May 1954

“At approximately 1530 hours on 15 May 1954, | was flying aircraft
number 52-1436, an RB-57A, in a three (3) plane formation from Shaw Air
Force Base, South Carolina. Approximately 40 minutes after take-off
while flying over an overcast at 7000 feet, | experienced blurred vision,
became nauseated and experienced considerable dizziness. | recall no
strange or unpleasant odors, nor did | taste anything out of the ordinary.
| did feel a definite dryness of mouth and throat.

This condition lasted possibly a minute or two. As | became more

aware of the situation or nearly to the passing out point | recall dropping
back from the formation and opening the clear vision window and
unhooking the oxygen mask. Fresh air from this open window seemed to
relieve the unpleasant conditions | felt. ”

WILLIAM J. VAN EVERY
1st Lt, USAF

Loomis, TA and Krop, S. (1955) “Cabin air contamination in RB-57A aircraft - Medical
Laboratories Special Report. No. 61,” Publication Control No. 5031-61, Chemical Corps.
Medical Laboratories, Army Medical Center, Maryland. 1955.




October 1955

Elimination of Engine Bleed Air Contamination
Henry A. Redall — North American Aviation

Aware of oil contamination issue for last two years — suspect
compressor bearing seals main source — different aircraft
with basically the same engine have contradicting reports —
in-depth look at filter options.

Solutions: “The Separate Compressor As A Solution — This
method of eliminating contamination is considered to be the
most positive... also the heaviest, most complicated and most
expensive.”

The contamination in our present airplanes is not toxic.

Dr George Kitzes of the United States Air Force Aero Medical
Laboratory been studying the problem since it first presented

itself. -
5N
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27 May 1955 - Caravelle (1 Flight)
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1959 - CV 880 — Cabin Compressors
e

AIR CONDITIONING PRESSURIZATION CONTROL
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Chain of events

* SYNTHETIC JET OILS

* BLEED AIR TO SUPPLY BREATHING AIR

“At approximately 1530 hours on 15 May 1954, | was flying aircraft
number 52-1436, an RB-57A, in a three (3) plane formation from Shaw Air
Force Base, South Carolina. Approximately 40 minutes after take-off
while flying over an overcast at 7000 feet, | experienced blurred vision,
became nauseated and experienced considerable dizziness. | recall no

PY R E P O RT S strange or unpleasant odors, nor did | taste anything out of the ordinary.
1 did feel a definite dryness of mouth and throat.
This condition lasted possibly a minute or two. As | became more
aware of the situation or nearly to the passing out point I recall dropping
back from the formation and opening the clear vision window and
unhooking the oxygen mask. Fresh air from this open window seemed to
relieve the unpleasant conditions I felt.”
WILLIAM J. VAN EVERY -
1st Lt, USAF 75
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YOU HAVE THE REAL SOLUTION

* MEA (More electric aircraft)

Also Current fleet- Detection systems & Bleed filtration

ENVIRONMENT MICHAEL GUBISCH TGULCUES
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SOLUTION- MEA
- AVOIDS

COMPRESSED AIR SUPPLIED TO CABIN AS BREATHING AIR
SYNTHETIC JET ENGINE OILS

HAZARDOUS SUBSTANCED INHALED

EXPOSURES

FLIGHT SAFETY RISKS

OIL FUME REPORTS IN CABIN

REGULATION COMPLIANCE

ADVERSE HEALTH EFFECTS

SCIENCE SUPPORTING ADVERSE EFFECTS
LEGAL CASES

INTERNATIONAL ACTIONS
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MIBA AVOIDS
BLEED AIR for cabin

Bearing Sump

OilIn ‘ 1Vent to Deoiler

Pressurizing Air —> =

_ Labrinth
| [ Air Seal
: ME QT J .,-.2 = . ) .4/ \L A

Labyrinth —/ Oil Out J
Drain

Oll Seal To Scavenge Pump

S~

Low level oil leaks as a function of design/operation using bleed air system & GCAQE




MIEA AVOIDS
JET ENGINE OILS in cabin air

¥ Heated synthetic jet engine oils leak into air supply
¥ Hydraulic & deicing fluids can leak into air supply

- Substances are hazardous & toxic

¥ E.g: oil contains:
Polyol ester base stock (95% of oil) - pyrolysis

Organophosphates (OP) — Tricresyl phosphate/Triaryl phosphates —
antiwear additives — Known neurotoxins; irritants/sensitization,
impair fertility

Amines — PAN.... - antioxidants — Irritant/sensitization

Wide range of pyrolysis/decomposition products

Usually fumes & not visible/ transient/less obvious




MIEA AVOIDS
EU/UN HAZARD CLASSIFICATIONS (CLP) -

Harmonized & NOTIFIED \yV g,
\‘g 4/y E

Umted Nations

Substances - hazardous under REACH/CLP Regulations

Oil , hydraulic, deicing fluids:

irritant

> May (suspected) cause damage ' Skin sensitizer
fertility or harm the unborn child

"> Single exposure & repeated "+ Very toxic by inhalation
target organ toxicity - nervous
system

- May cause genetic defects - May cause allergy/asthma or

breathing difficulties if inhaled

"+ May (Suspected) of causing F Mlay.cause drowsiness or
cancer dizziness

TXP — Substance of Very High Concern (SVHC) — REACH
May cause harm to the unborn/impair fertility




MIEA AVQIDS
EFFECTS - HSDB, ICSC..... (TCPexample)

TCP- Acute

o Irritant of skin, eyes & mucous membranes, respiratory tract
e Gastrointestinal upset — nausea, vomiting...

°  Numbness, headache, vertigo,

o paresthesias (tingling) of hands & feet, limbs)

o attack on the peripheral nerves, pyramidal tract
o Cramps, decrease in strength in arms & legs

e Visual disturbances

e Hyperhydrosis (excessive sweating)

°  Hypotension

o General fatigue, irritability

o  Effects on CNS,PNS

PAN - Acute

Blue: lips, fingernails, skin
e Confusion, dizziness, headache , nausea
o  Effects on blood- methaemoglobin

@
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MIEA AVOIDS
EXPOSURES OCCURRING!

Chind/er

TCP, TAPs, Oils, Fluids ¢

TCP & isomers being found in normal flight regularly — 18% - 95% of samples
TXP, TBP etc. also found routinely




MIEA AVQOIDS
REGULATIONS NOT BEING MET

¥ 25.831 a/b = Ventilation

" CS-E 510 & CS-APU 210 - safety analysis

*» Impairment - <10°-Toxic products /degrade crew performance
*» Incapacitation - <107 — Toxic products (leaking oil) cause incapacitation

"} CS-E 690 — Bleed air purity testing

o CS-APU 320 —Bleed air contamination

" CS 1309C — warning indication

"} AMC 21A.3B 9B - Unsafe condition

» Continuing Airworthiness - Reg (EC) No 2042/2003
’%’ Mandatory reporting - Regulation (EU) No 376/2014

OHS Regulations — REACH / CLP Dir 89/391/EEC .......
EASA- Not aware of any accidents — awnea@nra) 2000-10 2011)

O
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MIEA AVOIDS
FLIGHT SAFETY RISKS

* IFALPA/ECA - When a fume event occurs, cabin air
contamination can cause short-term physical effects which
compromise flight safety;

* AAIB - Crew impairment occurs due to leaking oil and
contamination of the air supply; Detection systems required

* SAE - Oil fumes can contaminate the air supply with flight
safety concerns

* ExxonMobil - Signs: Exposure to oil fumes may cause irritation
characterized by tears, redness, burning sensation (eyes),
redness, swelling or cracking of skin, or burning sensation in
the nose, throat and lungs (inhalation).Neurotoxicity may be
characterized by dizziness, headache, confusion and
intoxication

* MANY OTHERS

& ccace



MIEA AVOIDS
REPORTS OF OIL FUMES IN CABIN

-+ Records incomplete/ under-
reporting is very common;

-+ Events are NOT rare;

¥+ 32% of contaminated air events;
iInvolved crew impairment;

+ Oxygen rarely used;

¥ Airline: QOil fumes reported in

, _ . Engineering is often
1% of flights at major UK airline; not finding source of
fumes with aircraft
dispatched with
repeat events

Design & operation of oil seal system explains frequency




MIEA AVOIDS
HEALTH EFFECTS

BAe 146 adverse health effects
n=274

Lost medical/health 13%
Medium-long-term effects 32
Immediate/short-term 44
reported adverse effects 63

Aware of exposures

&

Chronic ill health effects

Cardiovascular
Respiratory

General

Neurological

Neuropsychological

Aircrew/passengers are reporting:
Chronic neurological, respiratory
disease consistent with exposure
to jet engine oils including OPs

Cancers: Higher than population
averages

Aerotoxic Syndrome is a valid
term

- causative relationship exists
- Published literature -¢v/

Michaelis S (2010) PhD - Health and Flight Safety
Implications from Exposure to Contaminated
Air in Aircraft’.

R
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MIEA AVOIIDS
LEGAL CASES

Court made plane sense with
payout for hostie Joanne Turner

o Save this story 1o read later

BY LISA DAVIES

QM
. 6()/0'\' 12:00AM
’6\\

A FORMER Ansett flight attendant will \)5
collect almost $140,000 after an hlsﬁ E\
in which a court agreed she was usly
exposed to toxic fumes on adqﬁmost 10
years ago. \\

Twrrer was awarded
s=s Tribunal last
¢ legal battle over

Mother -of -twr
$138,757 by the
vear after a deca

e Paily Telegraph
02, 2010

Travel News .. di NBCNEWS corr

Boeing suit settlement stirs
jetliner air safety debate

Documents show firm long risks of

fumes to reach the cabin,

triggering tremors, 'n
md wvmheqq\}

The smount and details of
the settlement Wednesday
between former American Airfines
worker Terry Willisms, & 42-yesr-
old mother of two, and Boeing
ade public ss &

OTHERS globally

e
g GCAQE

Glotal Cabits Alr Quatity Exncutive



MIEA AVOIDS -
SCIENCE SUPPORTING EXPOSURE

Treon 1954 (USAF) American Industrial Hygiene Association Quarterly. 16: 3, 187-195, 1955
(USAF)

-Toxicity arises from thermal decomposition of oil base stock (95% of oil)

-Qils heated to high temps very much more toxic than at lower temps causing pneumonitis,
degenerative changes to liver, brain & kidneys

Furlong (2012) University Washington Chemico-Biological Interactions 2012

-TCP formulation (DURAD 125) bioactivates in liver into enzyme inhibitors almost like TOCP
that paralysed 50,000 in prohibition

-Other triaryl phosphate isomers (including TPCP) adversely affect normal physiological
processes

Abou-Donia (2013) Duke Univ J of Toxicology and Environmental Health, Part A, 2013

-Chronic exposure results in neurodegeneration below threshold where neurologic deficits
occur.

-Temporal association between exposure and biologic damage

Hausherr (2014) Toxicological Sciences
-Low level Exposure to TOCP causes functional neurotoxicity — other isomers being reviewed

Kojima (2014) Toxicology
-OPs in oils & hydraulic fluids are endocrine disruptors O

S~
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MIEBA AVOIDS
More International Actions

Current

> CEN (European standards) to develop cabin air quality standard
- EASA — Issued new cabin air monitoring study

> EASA — Issued new oil pyrolysis study

 REACH — Undertaking review

> Future Sky — mitigating risk of fire, smoke, fumes

> Bleed free systems being tested-

"+ SAE — Cabin air related recommended practices being reviewed
> ICAO - oil fumes training/education program —Completed

2000-2014 — over 100 inquiries, standards, regulatory reviews,
laws & research projects in 3 continents




IN SUMMARY

* Use of engine compressor for heating and pressurisation air
started towards end of WW2.

* Complaints of contaminated Bleed Air date back to 1952 with
the introduction of 1t generation of synthetic jet engine oils.

* French Caravelle probably forced US to respond.

* Reports increase with arrival of BAe 146 in 1981 and smoking
ban on aircraft in late 80s early 90s.

* Boeing 787 only modern bleed free aircraft today.

* YOU HAVE THE WAY FORWARD
* CREW UNIONS & PASSENGERS SUPPORT YOU
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