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30-APR~-99 FRI 14:14 FRANK KOLVER 61 7 3821 4217
FACISIMILE
TO: SENATOR WOODLEY
RURAL & REGIONAL AFFAIRS & TRANSPORT COMMITTEE
PARLIAMNET HOUSE
CANBERRA

FAXNO; 02 6277 5811

FROM: CAPTAIN FRANK KOLVER
PHFAX 07 38214217

DATE: 30™ APRIL 1999

RE: Senate Inquiry into Air Safety with reference to air quality of Bae 146 Aircraft.

Senator Woodley;

The following page is a copy of my submission in regard to Bae 146 air quality. Please
feel free to contact me should you require any further information.

Frank Kolver
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Friday 30" April 1999
Brisbane. QId. Aust,

EXAMINATION OF AIR SAFETY WITH REFERENCE TO AIR QUALITY OF BAE 146
AIRCRAFT.

Submission of Captain FRANK KOLVER

Contact Details:
P.O. Box 1463
Cleveland, Qld 4163 Phone/Fax 07 382] 4217 E-maif; kolver@bit.net.au

My name is Frank KOLVER and 1 am employed by National Jet Systems as ceptain on Bae 146 Aircr;ft
based in Brisbane, Australia. The compaay operates Bae 146 aircraft under contract to various clients with
the Brisbane base operation being mainly for Qantas Alrlink and Australian Air express.

At 0030 hrs on the 10® July 1997 T was Captain of a Bae 146 aircralt registered VH-NJF which was on
decent into Melboume during a night freight flight from Sydney The crew consisted of myself, the First
Officer and Senior Captain in the jump seat carrying out surveillance.

During the latter stage of the decent shortly after passing 10,000 feet I smelt strong oily odours and fumes
in the cockpit. Some 3 to 4 minutes later after making a directional change of 25 degrees it was necessary
1o make another direction change in the opposite direction of about 10 degrees. T had great difficulty trying
to do this because I felt it would rolt the aircrafl 10 an excessive angle towards becoming inverted. This
was followed by considerable difficulty in flying the aircraft and concentrating on making the approach to
tand I became confused and was not quite sure what was going on at the fime but realized I was having
some sort of difficulty so T asked the first officer to take over flying the aircraft. He did so and continued to
land safely.

For the next ten days or so I felt as if I was having a continuos hangover with a constant headache. This
was accompanied with & feeling of strong pressure on the top of my head. At night if I got out of bed T had
difficulty in standing upright. When I traveled in 2 motor vehicle the headache would get worse and after
20 minutes I would ger nauseous and had to stop and get out.for some relief.

During this period I was on sick leave and for the next two months my health slowly improved to modesate
comfnuos heafisches and later mild headachies with & constant pain in the lelt or right temple area, Several
medical examinations, blood tests and a CT scan gave no indication of any medical disorder or problem. At

gedtime and prior to this incident I was medically and physically fit and had no sickness or virus of any
ind,

Presently I am still operating BAE 146 aircraft and still often suffer from headaches and a pain in the
temple area. This is often brought on and aggravated by exposure to bright light or any strong chemical
odours such as cleaning agents, insecticides and fertilizers, oil, petrol or any fuel exhaust fumes and some
strong chemically based porfumes,

I'am S1 years of age and have over 15,000 hours flying experience. | have been flying Bae 146 aircraft
since June 1990, and have acquired over 4500 hours on this aircraft.

7Helda—

(Frank KOLVER)



Friday 20™ August 1999
Brisbane. QLD. Australia.

EXAMINATION OF AIR SAFETY WITH REFERENCE TO AIR QUALITY OF
BAE 146 AIRCRAFT.

Submission of Captain Frank KOLVER updating original submission dated 30/4/99
with new information,

Due to oil fume related events, which occurred after my original submission of 30" April
1999, I herewith submit the following details;

On the 2™ of June 1999, while operating as Pilot in command of Bae 146 aircraft
registration VH-NID over four sectors between Brisbane, Canberra and Proserpine, oil
fumes were experienced from the air-conditioning system. These occurred shortly after
each take-off and also on the latter part of each decent below ten thousand feet. Attempts
were made to select off individual engine air supplies but we were unable to notice a
difference or verify a particular source.

At the end of the day’s duty I had a slight headache and felt nauseous. Later that same
evening | became quite ifl with severe headache and vomiting. I then had to take sick
leave for the following 26 days due to constant headaches particularly in the temple area.
This was accompanied with a feeling of pressure in the head, and a constant feeling
similar to a hangover after consuming large amounts of alcohol. 1 had not consumed any
alcohol at all.

Medical examination by a Neuro-physician and blood test were unable to establish any
other cause of the headaches. I returned to work on the 29" of June after being
pronounced fit to fly by my Aviation medical practitioner.
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Fax; 02 9068-4776
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30 June 1999
THE SENATE AIR SAFETY INQUIRY
Senator ] Woodley P \‘\’:*L\T;T\/ _
Australian Democrats ' Ao T
) N

Transport Spokesperson or ‘_‘!:“ it
Parliament House Y "
Canberra ACT M

-
Fax: 02 6277-3725 gt

Dear Sen. Woodley,

I'am aware of the Senate’s inclusion of safety of the BAe-146 jet in the terms of reference
of this inquiry. I offer the following in my capacity as a medical practitioner who has been
involved in the assessment and care of some of the staff of Ansett and National Jet
airlines and some patients of mine who have been passengers on that particular type of
aircraft.

i. PREAMBLE & INTRODUCTION

I have expartise and experience in the ficld of long term low level effects of chemicals on
human health. I include my curriculum vitae with this report.

My interest arises because a number of employees of National Jet and Ansett have
consuited me as a result of becon}ing unwell, and in some cases, too disabled to work,
following work on the BAe-146 aircraft. Of course, I am unable to provide details which
could possibly allow my patients to be identified, but I can confirm the close similarity of
the health complaints of all five employees I have seen, including adverse neurological
effects, alterations of immurnology, and symptoms compatible with chronic fatigue

syndrome. In one case, a pilot told me that he/she was sufficiently adversely affected
that the safety of the aircraft was compromised.

I passed this information on to Mr Clive Phillips of the Bureau of Air Safety
Investigations (BASI) in writing on May 5, 1998. To date, [ have received no response to
this concern regarding the safety of the aircraft due to crew impairment. My

]
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understanding is that many incidents regarding aircraft safety on the BAe-146 have been
reported, and that the issue is one of great importance for crew and passengers. | am at a
loss to explain the non-response to my Jetter outlining my concerns.

Apart from the employees, two patients from my own medical practice have told me of
similar illness and symptoms arising from travel on the BAe-146 aircraft. While both
patients had previously been unwell (with different illnesses), the exacerbation of their
underlying illness arose immediately following trips on BAe-146 aircrafl, but not after
travel on other aircraft. Tn both cases, the person was unaware of the type of aircraft they
were on until after they became sick, and neither knew or suspected that there were fume
or safety problems with these types of aircraft. Both people had remained unwell for over
six months following a single flight. Both appear to have recovered slowly after, though
neither regained the level of health they enjoyed prior to the aircraft exposure.

Tam able to provide de-identified medical information on these cases as long as there is
some guarantee of confidentiality and protection against negative employment outcomes,
should any employer or third party seek to discipline, punish, intimidate or dismiss a
person. who could possibly be identified.

More generally, I have a significant body of information on the problems with the
BAe-146, amounting to some hundreds of pages which I have received from Ansett and
many other sources. Should the Senator(s) which to view such documents (many of which
are contained in patient medical records), l am happy to present these directly and
de-identified, assuming the work required is adequately compensated.

iI. OVERVIEW - MoBIL JET O ||

it is my understanding that Mobile Jet Oil 1l is a synthetic phosphate-ester oil in which
tricresyl phosphates are constituents. T do not know what the purpose of the tricresyl
phosphates is, but one of the isomers, tri-ortho-cresyl phosphate (TOCP), is a highly
neurotoxic contaminant found in the cil. It is one of a class of enzyme inhibiting chernicals
known collectively as organophosphates (OP). I include references with this submission
regarding acute and chronie neurobehavioural effects of OPs.

The cil also contains a broad range of other chemicals, including naphtalomines, many of
which are also hazardous to human health, In addition, there may be other chemicals or
mixtures apart from the Mobil Jet Oil I in the mist/ vapour which is found in the cabins of
the BAe-146, including thermal breakdown products of the Jet oil, and other organic
pollutants from fuel combustion.

Mobile Jet Oil Il is a synthetic oil rather than a mineral oil. As such, it is not appropriate
to use the occupational exposure standard for mineral oil of 5 mg per cubic metre (5
mg/m3) which has been used as the mineral oil standard

The question arises, “Is Mobil Jet Oil I a hazardous substance? “From the warmings and
details [ have seen on the containers, it would appear that it is a hazardous substance,

e —— ———— ——  ——___ _——— _———— _—— ]
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although Mobil hold that it is not. This leads to a problem in that the manufacturer
avoids the strict labelling requirements of hazardous substances.

I understand that the manufacturer has claimed that Mobil fet Oil II has been tested on
humans and has been shown to be safe. I have seen no such studies, and would be willing
and interested to review any such studies held by the manufacturer. In the interim, I
believe that it may be misleading to assert that such studies prove safety.

I have seen no information tegardiﬁg the risks or safety of the commercial agent (Mobil Jet
Qil 1), and in particular T have seen no information on neurotoxicity, immunotoxicity,
genotoxicity or reproductive toxicity. To the best of my knowledge, there are no reliable
data to support the view that the chemicals to which the passengers and staff were
exposed are safe. There is sufficient clinical data to suggest the opposite.

There are at least two issues which significantly alter assumplions used in toxicology in
this case, and which would tend to increase the harm which the vapour mixture would
cause to those in the cabin.

Firstly, cabin pressure is, I believe, set to the equivalent of an altitude of 2,500 metres
(8,000 (t). Staff and passengers in the jet at cruising altitude are relatively hypoxic (short

of oxygen), and the partial pressure of oxygen at this altitude is, as T understand i\, below
- accepted occupational standards.

As well, the percentage of recirculation of cabin air is uncertain, but may be between 50%
and 70%, further reducing the partial pressure of oxygen, and oxygen availability within
the cabin.

The reason this is important is that oxygen js required both for protection of tissue
(through the oxygen-dependent antioxidant systems) and for detoxification of hazardous
chemicals such as organophosphates. Low oxygen availability diminishes tissue
protection against harm caused by such chemicals, would tend to increase the half-life of
circulating chemicals, increasing the risk of harm in an unpredictable fashion, varying
greatly from person o person.

In sumrnary, the circumslances in which exposure lo the mist/ vapour of the Mobile Jet Oil

I occurs (ie in a pressurised cabin with low oxygen tension) increases the risk of harm
from the chemicals in the mist in an unpredictable manner.

e ]
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lll. IssUES REGARDING THE TOXICOLOGY AND
EXPERT COMMITTEE FINDINGS

T have concerns regarding the constitution and findings of the so-called “expert panel”
convened to assess the health risks associated with work on the BAe-146, and wish to

make certain comments on matters which the committee failed to address in reaching
their conclusions,

A. SELECTION OF THE "EXPERT PANEL."

The panel chosen by Ansett or their advisors may have been “expert”, but can in no way
be said to be either irdependent or'neutral on the matter. There appears to have been a
more than fortuitous gathering of “experts” whose views on the matter of adverse effects
of chemicals on health were well known and well publicised. Dr Loblay and Dr Carrol,
for example, have made strong prior statements in the media and in their medical reports
on patients to the effect that they refused to believe that long term adverse effects of the
type seen in BAe-146 staff could possibly occur. Dr Carrol, in particular, appears to have
been the Queensland doctor nominated by Ansett as the doctor used by WorkCover to
deny compensation for Queensland cabin staff (support document of conversation with
Dr Dai Lewiys, Ansett chief medical officer, is available if required by the Inquiry).

Findings of so-called “expert committees” or “expert panels” are meaningless and without
value unless independence can be demonstrated. It is unclear from the documents I have

seen what, if any, compensation, considerations, benefits, support, promises or payments
were made by Ansett to members of this panel.

It is my view, based on the clinical presentations of BAe-146 cabin staff and two of my
patients flying on this aireraft, that the findings of proven safety and low risk cannot be
sustained by the available evidence. In fact, the contrary would appear to be true, namely
that long term (and possibly permanent) symptoms and health problems remain well
after the cessation of exposure, and cause a range of disabling chronic symptoms.

I'would also note that there are at least two different issues with regards health and

hazard in this matter, and that both must be assessed to gain a view on risks associated
with the exposure.

Firstly health and safety risks are different issues. Safety hazard can occur without
significant health hazard, and health hazards do not necessarily reduce safety.

By this, I mean that temporary neurotoxic effects or deficit may not be a health hazard
for the sufferer, but may constitute a significant safety risk for others, such as passengers
in ajet. The typical example would be alcohol use by pilots. Inebriation is arguably not a

primary health risk for the pilot, but is a considerable safety risk if he or she pilots a jet
while inebrialed.

Conversely, increased cancer risk for pilots and cabin erew is a health tisk for the
individual, but does not reduce passenger safety.

P —— - —
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In my view, based on both clinical experience and a literature review, both types of risk
exist in the case of the BAe-146 jet for cabin crew and passengers. The neurotoxic effects
and neurcbehavioural changes reduce the safety for all in the short term by prolonging
reaction time and altering decision making capacity, as well as by inducing symptoms
such as vertigo anq balance changes, As well, Lhe people I have reviewed have failed to
recover from their induced neurological and other health problems even after leaving the
workplace, and there is no good evidence that people so affected will recover in the
future. The damage done to the health of staff and passengers by exposure would seem
to be long term and possibly perme;nent.

Thus, risk is likely to be increased both in terms of health outcomes for cabin crew and
passengers, and in terms of reduced neurological and functional capacity of those
responsible for the safety of the aircraft. This may explain the reported incidents which
would appear to have placed jets and occupants at risk in the past.

B. CHEMICAL MIXTURES

TOCP is by no means the only chemical toxin in the mist.vapour of Mobile fet Oil TI. The
oil is a complex mixture of hazardous chemicals, many of which are toxic alone or in the
commercial mixture. The other tricresyl phosphate isomers are organophosphates and are
capable of inhibiting esterase function. Naphthalomines, for example, are present, and
are important in terms of liver, brain and genetic function and damage/ degeneration.

In general, exposure risk with such complex mixtures hags been assessed as if each agent
acted alone, without any attempt to allow for additive and synergistic effects. That has
also accurred in this case, where no attempt has been made to model or describe the
toxicity of the mixture of chemicals of the mist/vapour in the cabin.

Because of this, all “expert” views on the toxicity or hazard associates with the exposure
to the chemicals is unhelpful and may be meaningless. In such circumstances, one must
look to the clinical effects of exposure to define the toxic effects. In effect, the experiment
to determine the toxicity is the exposure of humans to the chemicals in the cabin.

Given the number of cabin ctew I have seen with similar symptoms, health problems and
pathology, I believe there is sufficient evidence to implicale the exposure to cabin

mist/ vapour as a significant health hazard. The proportion of people so affected is very
high, and considerably more than the prevalence of 0.1% to 1% reported in the
population as a whole with similar symptoms and health problems.

= —————_——— — i
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V. SUMMARY & CONCLUSIONS

Based on the health complaints, symptoms and pathology of the BAe-146 cabin crew
and pilots I have seen and examined, as well as the prolonged adverse health problems
suffered by two patients in my practice after travel on the BAe-146 jets, [ am of the
strong opinion that travel in these jets constitutes a health risk for staff an occupants,
and places the aircraft and occupants at increased risk of misadventure.

The similarity of the clinical complaints of the patients I have seen would suggest that
common mechanisms of illness are at play in each case, and the jet exposure is implicated
because it is the only common factor in the history of those reviewed.

In addition, there is insufficient independent information available from any source to
come to conclusions about safety or toxic effects of the Mobil Jet Oil I mixture. The
composition of the cabin fumes under operating conditions is unknown, while certain
components of the mixture are known to be neurotoxic at low doses. The short term
effects of exposure appears to cause inflammation of mucous membranes and altered
neurclogical function. The long term effects are to date unstudied, and therefore are
unknown. Information on the long term effects of organophosphorous compounds 4
becoming available in the medical literature, and the evidence is now strong that there are
significant and persistent neurological and neuropsychological effects in those exposed.

In the absence of good evidence of long term safety, it is reasonable to turn to the
available evidence, the documented histories and clinical assessment of doctors who have
examined people complaining of long term health problems. There is 2 common and
disturbing pattern of complaints and abnormalities of neurological and pathological
testing. Such complaints and abnormalities are rare in the general population, and would
be expected to be very rare in a group selected from a large group of applicants for this
work, whose health and fitness is clearly greater than average for the population
generally.

The complaints are also found in patients who had previously recovered from serious
illness, and who rclapsed within hours of travel on the BAe-146. In this case, one could
argue that a previously sick person may have developed an increased susceptibility to the
effects of chemical exposure, such as that found in the BAe-146. Ibelieve that this is
irrelevant, as those same people travelled in other aircraft without suffering health
problems, and should reasonably have expected to be abie to do the same in the
BAe-146. If there were an increased susceplibility, it was not triggered in other similar
situations, and none had anticipated problems caused by travelling in any aircraft.

Finally, the general shortcomings of toxicology, the science of poisons, are such that
prediction of health problems in humans with recurrent or long term exposure to complex
mixtures is inherently impossible at present. The discipline is currently attempting to
address this shortcoming, and within the next decade, predictive tools and models may
be available, but this is not the case at present.

E __  — ——— — ——— ———— — _————_— ———_—__—___——
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In such circumstances, one must choose eertain principles upon which to authorise or use
such mixtures. While the precautionary principle is preferred (ie not authorising use until
strong evidence of long term safety of the mixture in humans is available), it has been
argued that his would lead to an unacceptable delay in the use of important new
chemicals or mixtures, and would make innovation in the chemical industty uneconomic,

The economic principle, on the other hand, has become the dominant approach of recent
decades, allowing for products to be developed and allowed relatively unrestricted use
after basic testing of individual components for lethality and carcinogenicity in laboratory
settings, using small and fast breeding mammals such as mice and rats. Testing for
neurotoxicity and immunotoxicity is generally not performed, and all test results are
extrapolated to humans in a way which fails to assess subtle, progressive loss of function
and complex health complaints over time.

In either case, however, it is agreed that active and inclusive post-marketing surveillance
of safety is vital to improve knowledge of safety and adverse effects. Clinical assessment
of people with health complaints has become the foundation of such post-marketing
surveillance, as there is no active pursuit on the part of manufacturers of early symptoms
in users or those exposed.

Thus, to deny clinical presentations and health problems of those exposed on the basis of
inadequate and flawed prior testing is illogical and dangerous, and tends to prolong the
use of hazardous agents, unacceptably placing others at risk.

Causing health problems in some people exposed to chemicals or other hazards in certain
environments is unavoidable, given the current use of the commercial principle in
toxicology and business. The hallmark of a working post-marketing surveillance system is
that such people with health problems are identified early, are quickly compensated for
their suffering, and the circumstances of exposure and harm are identified, admitted, and
changed to reduce such risk.

The denial of hazards, health complaints, and risks to others has become an endemic
problem, placing tens of thousands of workers at risk in industry, and causing hundreds
to thousands of deaths in Australia each year. It is a reaction almost universally adopted
by industry, unfortunately, prior to ultimate admission of harm at a later date.

While such a reaction may be designed to minimise liability and maintain profitability of
the industry, it is inexcusable that those who have suffered such injury also are forced to
suffer ridicule, accusations of malingering or (raud, and personal investigations and
attacks by employers, insurers and regulators. It is also inexcusable that others who have
not been damaged are placed at risk, long after the hazard has been identified. This

especially applies to children, pregnant women, the sick (or those previously sick, whose
health is not robust), and the aged.
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The hcalth problems suffered by passengers and ercw of the BAe-146 require our urgent
attention and action to reduce hazard and risk for others, and to admit injury and
compensate faultlessly those who have suffered in the name of the commercial principle.
The denial of liability and risk places the health of all at tisk, runs counter to the very

principles of toxicology, and exacerbated the suffering and harm caused to those who
have suffered in the name of commercial profitability.

In the case of the BAe-146, such denial increases the risks for passengers from
misadventure as well. The environment of the cabin, and the exposure to hazardous
agents which affect the nervous system, is unacceptable, and constitutes both a health
hazard and an air salety hazard.

Signed

Dr Mark Donchoe MB BS

Documents referred to in this submission are available at the request of the Inquiry, except that
patient records would need to be de-identified, and appropriate safequards should be in place to
protect patients who are employees of the airlines using BAe-146 aircrafl,
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Senator Woodley

Australian Democrats Senator for Queensland
Parliament House

Canberra, ACT 2600

Australia

Re: Examination of air safety with particular reference to
air quality of the BAe 146 aircraft

Dear Senator Woodley,

I wish to inform you that I have seen five patients who were referred to me for
assessment for brain function deficit as a conséquence of their exposure to chemicals in
the workplace as flight crews of the BAe 146 aircraft. They included two pilots and three
flight attendants.

The results of the assessments indicated that in each case, there was a significant
dysfunction in their ability to process information efficiently. This dysfunction has
impacted on their ability, adversely affecting their performance on mental and
psychomotor tasks. This could significantly increase the risk of air safety should they be
performing tasks required of aircrews as part of their employment schedules. This risk
could be exacerbated during the course of their duties as flight crews as a consequence of
further exposure to the aircraft environment of the BAe 146 aircraft.

IfI could be of assistance to your inquiry on air safety with regard to the air quality of the
BAe 146 aircraft, please contact me at the above-mentioned address.

Please find enclosed my curriculum vitae, a list of my research publications and a list of
recent conference presentations.

Yours sincerely, Pt Mﬁ\
S ~ / £y o ‘f-’::" -n
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CURRICULUM VITAE

NAME: Richard Kong Choon Teo
ADDRESS: 4 Nixon Place, Bonnet Bay, NSW 2226

NATIONALITY: Australian

ACADEMIC QUALIFICATIONS:

Doctor of Philosophy 1987, University of Sydney

Master of Science (Psychopharmacology) 1979, University of Sydney

Master of Science Qualifying (Pharmacology) 1975, University of Sydney
Bachelor of Arts 1969, University of New South Wales

Major in: Psychology (social, clinical, industrial & abnormal) and Political Science.
POSITION HELD:

1996 to present
Consultant psychologist, private practice

Achievements:

Consultant to medical practitioners and other health professionals for psyche-neurological
assessments of chemical exposure effects and stress management.

Consultants to legal practitioners: assessment of clients for compensation and rehabilitation cases.

Recognized researcher on chemical exposure effects on workers and the public at large at
international level.
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1991 to 1996
Senior Psychologist, WorkCover Authority of NSW.
Achievements:

WorkCover Authority’s consultant psychologist for neurobehavioural testing, occupational stress
monitoring and stress management.

WorkCover Authority Stress Project Committee member: Wrote a critique paper with regard to
Sydney Transit Authority’s stress programs for bus drivers in the Newcastle region. Wrote the
stress prevention model and stress information paper for committee's draft paper for the Authority’
Executive.

WorkCover Authority's Alcohol and Other Drugs Committee: Wrote a paper on the interactive
effects of alcohol and other drugs on human performance.

Consultant psychologist in other areas including ergonomics, alcohol and other drug effects on
human performance.

Medical/legal consultant on issues related to toxic effects on neurobehavioural functions.

1987 -1991
Psychologist, Division of Occupational Heaith, WorkCover Authority of NSW.
Achievements:

Development and management of the Division of Occupational Health Information and Research
Services.

Development of a statistical system for the Division of Occupational Health Medical clinics.
Organisation and participation in research and management committees and working parties.
Research and consultant on occupational stress.

Research on the short and long term pesticide and solvent exposure effects.

Research and consultant on workers' chernical exposure risk in the workplace.

Preparation of papers and reports for publication at conferences and in scientific journals, and for
executive management and policy implementation.
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1980-1986
Psychologist, Division of Occupational Health, WorkCover Authority of NSW.
Achievements:

Research and development of the event-related potential technique for assessing human brain
functions.

Research on the interaction of pesticide exposure and alcohol effects on workets.

Research on the effects of lead and mercury exposure effects on workers.

1972-1980

Research Psychologist, Department of Motor Transport of NSW ( secondment to the University of
Sydney, Department of Pharmacology).

Achievements:
Development of a battery of neurobehavioural tests for assessing human performance.

Research on the effects of alcohol and of drug-aloohol interaction effects on human perceptual,
psychomotor and cognitive functions.

Establishment of the standard alcoholic drinks for New South Wales drivers for attaining blood
alcohol level 0£0.05%.

Survey conducted on drug usage of breathalysed drivers.

Lecture and supervision of senior students.

Develop a drink-driver traffic safety video for the promotion of safety campaign.
Organisation of seminars and conferences.

Presentation of research papers at seminars and conferences at national and international levels.
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1969-1971

Research Psychologist, Department of Motor Transport of NSW.
Achievements:

Research on:

Breathalyser legislation in NSW

Driver licensing system

Driver behaviour
Seat-belt legislation in NSW

Membership of Professional Organisations
I am a member of:

The Psychologists Registration Board, NSW
The Australian Psychological Society

The Australian Society of Clinical and Experimental
Pharmacologists

The Australian Psychophysiological Society

Ergonomic Society of Australia

RECEIVED TIME 19.JUL. 14:04 PRINT TIME 19.JUL. 14:10



16, suu. 1999 14018 A Bo B3l F

PUBLICATIONS

1. Belgrave, B.E., Bird, K.D., Chesher, G.B., Jackson, D.M., Lubbe,K.E., Starmer, G.A., and
Teo, RK.C. (1979). The effect of (-} trans A - tetrahydrocannabinol, alone and in
combination with ethanol on human performance. Psychopharmacology, 62, 53-60.

2. Belgrave, BE,, Bird, K.D., Chesher, G.B., Jackson, D.M., Lubbe, K.E., Starmer, G.A., and
Teo, RK.C. (1979). The effect of cannabidiol alone and in combination with ethanol on
human performance. Psychopharmacology, 64, 243-246.

3. Bird, K. D., Boleyn, T. Chesher,G.B., Jackson, D.M,, Starmer, G.A., and Teo, RK.C. (1980).
Intercannabinoid and cannabinoid-ethanol interactions and their effects on human
performance. Psychopharmacology, 71, 181-188,

4. Chesher, G.B,, Franks, HM.,, Hensley, V.R., Hensley, W.J., Jackson, D.M,, Starmer, G.A., and
Teo, RK.C. (1976). The interaction of ethanol and A’ - tetrahydrocannabinol in man. Effects
of perceptual, cognitive and motor functions. Medical J. Aust., 2, 159-163.

5. Chesher, G.B., Franks, H.M., Jackson, D.M., Starmer, G.A., and Teo, RKX.C. (1977). Ethanol
and A’ - tetrahydrocannanbinol: interactive effects on human perceptual, cognitive and motor
functions: II. Medical J. Aust., 1, 478-481,

6. Crawford, W.A., Franks, HM., Hensley, V.R., Hensley, W.J., Starmer, G.A., and Teo, RK.C.
(1976). The effects of disodium cromoglycate on human performance, alone and in
combination with ethanol. Medical J. Aust., 1, 997-999.

7. Franks, HM,, Hensley, V.R,, Hensley, W.J., Starmer, G.A,, and Teo, RK.C. (1976). The
relationship between alcohol dosage and performance decrement in human volunteers. J.
Stud. Alcohol, 37, 284-297.

8. Franks, HM., Hensley, V.R., Hensley, W.J.,, Starmer, G.A., and Teo,RK.C. (1978). The
interaction between ethanol and antihistimines - I: Dexchlorpheniramine. Medical J. Aust., 1,
449-452.

9. Franks, HM.,, Hensley, V.R., Hensley, W.J., Starmer, G.A., and Teo, RK.C. (1979). The
interaction between ethanol and antihistimines - IT: Clemastine. Medical J, Aust., 1, 185-186.

10. Franks, HM., Lawrie, M., Schabinsky, V., Starmer, G.A., and Teo, RK.C. (1981). The

interaction between ethanol and antihistimines - III: Mebhydrolin. Medical J. Aust., 2, 477-
479,
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11. McFarlane, D. and Teo, R. (1994). A preliminary assessment of the design of a split keyboard
prototype: Usability trials to determine subject preferences for keypad positions and the effect
of the chosen position on the myoelectric activity of a flexor muscle. Proceedings of the
Ergonomics Society of Australia 30th Annual conference "Ergonomics: The fundamental
design science", 5-7 December 1994, Sydney, Australia,

12. Phoon, W.0., Teo, R., Loblay, R. (1993). Diagnosis and management of cases of occupational
intoxication from solvents. Paper presented at the 24th International Congress on
Occupational Health, 26th September - 1st October 1993, Nice, France.

13. Starmer, G.A., McDonald, G., and Teo, RK.C. (1980). Alcohol, drugs and accident risk. 2nd
Report N° 1/80, Traffic Accident Research Unit, Department of Motor Transport, NSW,
Australia

14. Starmer, G.A. and Teo, RK.C. (1978). Blood alcoho! concentrations induced by beer, wine
and whisky. National Alcohol and Drug Dependence, Multi-disciplinary Institute. 27
August -1 September 1978, Canberra, Australia.

15. Teo, RK.C. (1975). Alkohol, drugs and accident risk, Report N° 4/75, Traffic Accident
Research Unit, Department of Motor Transport, NSW, Australia,

16. Teo, RK.C. (1978). Studies on the acute effects of ethanol and of drug-ethanol interaction in
man. A Master of Science Thesis submiited to the University of Sydney, Australia.

17.Teo, RK.C. (1985). Pesticides. In: Neuwrobehavioural methods in occupational and
environmental health. Symposium Report, Environmental Health, 6, WHO, 35-37.

18. Teo, RK.C. (1986). Ethanoi, pesticide exposure and their interactive effects on human
information processing. A Doctor of Philosophy Thesis submitted to the University of
Sydney, Sydney, Australia.

19. Teo, RK.C. (1990). Pesticide exposure, alcohol, drugs and accident risk. WorkCover
Authority NSW, Bulletin N° DOH 151289/14, 1990.

20.Teo, RK.C. (1991). Auditory Evoked Response Potential (AERP) and its application for
chemical effects assessment. Paper presented at the Environmental Medicine Conference,

June 1991, Manly, Australia.

21.Teo, RK.C. (1991). Stress and WorkCover. Paper presented at the Human Factors
Workshop. R.F.Peters and Associates, 26 November 1991, Charlestown, Australia.

22. Teo, RK.C. (1994). The Psycho-social Impact of Home-based Office Work upon Employees.
Paper presented at the HomeSafe '94 Conference, Sydney 1994.
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23. Teo, RK.C. (1995). Auditory Evoked Response Potential (AERP): Its Development and
Application. Jowrnal of Occupational Health and Safety, Australia and New Zealand,
11(4), 403-414.

24. Teo, RK.C. (1996). Stress management in the workplace: A management-employce
interaction approach. National Occupational Stress Conference, 10-12 March, 1996,
Brisbane, Australia

25. Teo, RK.C. (1996). The auditory evoked response potential (AERP) Test: Its development
and application for solvent exposure effects assessment. Paper presented at the Solvents and
Human Health Conference, 29 February 1996, Sydney.

26. Teo, RK.C. (1997). Office Stress: How to prevent it. Paper presented at the ATI Conference,
23 April 1997, Sydney.

27.Teo, RK.C. and Ferguson D.A. (1985). The effects of organophosphate pesticide exposure on
event-related potentials (ERPs) on pest control operators. In: Neurobehavioural methods in
occupational and environmental health. Environmental Health, 3, WHO, 163-167.

28. Teo, RK.C. and Ferguson, D.A. (1986). The acute effects of ethanol on auditory event-related
potentials. Psychopharmacology, 90, 179-184.

29.Teo, RK.C. and Ferguson, D.A. (1987). The acute and subtle effects of organophosphate
pesticide exposure on event-related potentials on pest control operators. Division of
Occupational Health and Safesy Report N° DOH 050887/1, 1987.

30. Teo, RK.C. and Ferguson, D.A.(1987). Interactive effects of pesticide exposure and alcohol on
auditory event-related potentials on pest control operators. The 22 International Congress on
Occupational Health, 27 Sept.-2 Oct, 1987, Sydney, Australia.

31.Teo, RK.C. and Ferguson, D.A. (1988). The acute effects of organochlorine pesticides
exposure on event-related potentials of pest control operators. The XII Asian Conference on
Occupational Heaith, 18-22 November 1988, Bombay, India.

32. Teo, RK.C., Franks, HM. and Starmer, G.A. (1977). Acute adaptation of human cognitive
and motor functions to ethanol. The 7th International Conference on Alcohol, Drugs and
Traffic Safety, January 1977, Melbourne, Australia,

33. Teo, RK.C,, Franks, HM., Starmer, G.A. and Lawrie, M. (1979). The effects of mebhydrolin
on human cognitive and motor performance alone and combined with a social dose of
ethanol. Proceedings of the Australian Physiological and Pharmacological Society, August
1979, Sydney, Australia.
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34. Teo, RK.C., Goldsmith, H., Lind, B.L. and Starmer, G.A. (1980). Drink, driving and
complying with the law. The 7sf Pan-pacific Conference on Drugs and Alcohol, 26 February
<7 March 1980, Canberra, Australia.

35. Teo, RK.C,, Kenyon, R., Cantrell, P, (1992). Monitoring of workers exposed to solvents in a
paint manufacturing factory.  Paper presented at the 2nd Annual Australian,
Psychophysiology Conference, December 1992, Nelson Bay, Australia,

36.Teo, RK.C., Kenyon, R., Cantrell, P. (1993). Auditory Evoked Response Potential (AERP):
Acute and chronic solvent exposure effects experienced by workers in a paint manufacturing
company. Paper presented at the 24th International Congress on Occupational Health, 26th
September - 1st October 1993, Nice, France.

37. Teo, R.K.C. and Naidu, A. (1994). The effects of glutaraldehyde exposure on human functions.
Paper presented at the 13 Annual Conference "Consulting in Hygiene - Getting the
Message Across” AIOH 94, 4-71 December 1994, Gold Coast, Queensland.

38. Teo, RK.C. and Phoon, W.0O. (1996). Assessment of the method of auditory evoked
response potential in the diagnosis of occupational cognitive impairment. Paper
presented at the 25 International Congress on Occupationa! Health, 15-20 September
1996, Stockholm, Sweden.

39. Teo, R.K.C. and Starmer, G.A. (1978). Acute tolerance to the effects of ethanol induced by a
high dose of ethanol. Proceedings of the Australian Society of Clinical and Experimental
Pharmacologists, 4-6 December 1978, Melbourne, Australia.

40. Teo, RK.C. and Williamson, AM. (1982). A new approach to evaluating the behavioural
effects of toxic substances. The I0th Asian Conference on Occupational Health, 5-10
September 1982, Singapore.

41.Teo, RK.C., Williamson, A.M. and Ferguson, D.A. (1986). Auditory averaged cvoked
potentials technique: A tool for behavioural effects detection of pesticide exposure. Advances
in Behavioural Medicine, 3, 257-266.

42. Williamson, A.M. and Teo, RK.C. (1986). The neurobehavioural effects of occupational
exposure to lead. Br. J Ind. Med., 43, 374-380.

43. Williamson, AM., Teo, RK.C. and Sanderson, J. (1981). Behavioural effects of occupational
exposure to mercury. The Australian Psychologist, 16, 294,
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44, Williamson, A.M., Teo, RK.C. and Sanderson, J. (1982). Occupational mercury exposure and
its consequences for behaviour. Int. Arch. Occup. Environ. Health, 50, 273-286.
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Papers presented at recent conferences by Dr Richard Teo

Teo, R.K.C. (1997). Office Stress: How to prevent it. Paper presented at the ATI
conference, 23 April 1997, Sydney.

Teo, R.K.C. and Phoon, W.0. (1996). Assessment of the method of auditory evoked
response potential in the diagnosis of occupational cognitive impairment. Paper
presented at the 25 International Congress on Occupational Health, 15-20 September
1996, Stockholm, Sweden.

Teo, RK.C. (1996). Stress management in the workplace: A management-employee
interaction approach. National Occupational Stress Conference, 10-12 March 1996,
Brisbane, Australia.

Teo, R.K.C. (1996). The auditory evoked response potential (AERP) Test: Its development
and application for solvent exposure effects assessment. Paper presented at the Solvents
and Human Health Conference, 29 February 1996, Sydney.

Teo, R.K.C. and Naidu, A. (1994). The effects of glutaraldehyde exposure on human
functions. Paper presented at the 13 Annual Conference "Consulting in Hygiene -
Getting the Message Across" AIOH 94, 4-7 December 1994, Gold Coast, Queensland

Teo, RK.C. (1994). The Psycho-Social Impact of Home-based Office Work upon
Employees. Paper presented at the HomeSafe '94 Conference, Sydney 1994.

Teo, R.K.C., Kenyon, R., Cantrell, P. (1993). Auditory Evoked Response Potential (AERP):
Acute and chronic solvent exposure effects experienced by workers in a paint
manufacturing company. Paper presented at the 24th International Congress on
Qccupational Health, 26th September - 1st October 1993, Nice, France.

Teo, R.K.C., Kenyon, R., Cantrell, P. (1992). Monitoring of workers exposed to solvents in
a paint manufacturing factory. Paper presented at the 2nd Annual Australian,
Psychophysiology Conference, December 1992, Nelson Bay, Australia.

Teo, R.K.C. (1991). Auditory Evoked Response Potential (AERP) and its application for
chemical effects assessment. Paper presented at the Environmental Medicine
Conference, June 1991, Manly Australia.

Teo, R.K.C. (1991). Stress and WorkCover. Paper presented at the Human Factors
Workshop. R.F Peters and Associates, 26 November 1991, Charlestown, Australia.
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. Box 393,
kson, A.C.T., 2602

re: Aircraft cabin air contamination

Senator John Woodley,
Parliament House,
Canberra, A.C.T. 26060
02 6277 5811 fax

Dear Senator Uoodley,

I believe that the presence of ortho-cresol or
a similar cresol in the turbofan engine lubricating oil of the Bfie
146 aircraft is highly suspect as a cause or significant co-factor
of the reported illness in exposed aircrew.
This phenolic coal tar distillate causes neurological disturbance
and chronically, neural damage in exposed individuals.

I was surprised by the presence of this substance as revealed in
the recent TU documentary on this allegedly cabin air induced
illness. The documentary was screened by one of SBS~TV or ABC-TV
perhaps 2 months ago. According to this documentary, Mobil 0il
manufactured the lubricating oil for the jet engines.

It is this oil that escapes past the allegedly deficient oil seals
into the compressor bleed air used to ventilate and pressurise the
aircraft cabins.

Ortho-cresol 's toxicity is described under “Phenol” variously as
Y... even small amounts may cause nausea, vomiting ... paralysis,
convulsions ... Chronic poisoning with renal and hepatic damage
may occur from industrial contact." The Merck Index, 10th edn
Merck & Co. 1983 7115. page 1043.

There will be a great deal of professional contention as to
whether these phenolic compounds induce the reported i1l health. I
<M a physicist and have been concerned with toxicology for 20 yrs
past.

Other aircraft such as the McDonnell Douglas MD-88 nominated in
this syndrome may or may wot contaminate cabin air with jet engine
lubricating oil.

The Avco Lycoming or Textron Lycoming ALF S502R-5 turbofans in the
Bfie 146 are used also in the Canadair CL-60@ Challenger 14 seat
business jet (2 x Avco Lycoming ALF 502L turbofans) and probahly
have exactly the same deficient seal design. Recent forms of the
BAe-146 have been re-engined with new Textron Lycoming LF 507
turbofans which may not have the faulty gas/oil seals. Two of this
latter type, the Avro 146 or Avro 146-RJ7@ with Textron Lycoming
%59307 turbofans were on the national aircraft register in March
In March 1998 there were 29 BAe-146 type aircraft with ALF S02R
engines and 2 BAe-146 types with ALF 587 engines on the CASA
Australian Aircraft Register.

The causes of the syndrome may of course be multiple, there may be

a number of conditions presently considered to be one syndrome and
these may or may not be due to engine oil contamination.

I ask please that you investigate the toxicology of this specific
substance and any role it may have in the aetiology of this
syndrome.

Thankyou.

Yours faithfully,

Stephen Tyrrell
19th July 1999
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To Senator John WOODLEY,
Australian Democrat Senator for Queensland
Parliament House
Canberra ACT 2600
Australia

From Dr Jean Christophe BALOUET Université Paris 7-Denis Diderot UFR Environment

31 rue du Général Chanzy

94130 Nogent-sur-Marne France

Tel : 33148775422 Fax : 33148772638
Email : JCBalouet@aol.com

Regarding : toxic smokes and fumes on the Bae 146.
Senate Rural and Regional Affairs and Transport Committee, note d)

Monsieur le Senateur WOODLEY,

As an international environment expert, collaborating with intergovernmental bodies (UNEP, WHO,
ICAO) and international associations (chair of Occupational / Environmental Safety committee of the
Acrospace Medical Association, chair of the Airborne Chemical Committee of the Interational
Society of Automotive Engineers), I have been working on cabin air quality / toxicity issues in
airplanes for over 4 years, including Bae-146, MD-80, B-737, B-777, A-300, A-320 ...

Statistically, Ansett/NJS and their BAe 146, Alaska Airlines and their MD80 and B737, Canadian/Air
Canada with their A-300, Air BC (Bae-146) are responsible for 90% of the worldwide problems
identified today, whereas they represent less than 3% of the commercial flights worldwide. Looking at
its relative number of aircraft, Ansett/NJS, has the highest events/complaints ratio.

I attach a short submission for consideration by the Australian Senate Aviation Enquiry. This
submission is summarized from extensive reports, information and data (from documentation 3 feet
thick) and there is much more it could cover. Due to the importance of the related flight safety and
crew/passenger health issues, I would prefer to give evidence as a witness, so that I could answer
other questions that may be raised. I am aware of the submission by Assoc. Prof. Chris Winder.

Je me tiens 4 votre disposition et vous prie de recevoir, Monsieur le Sénateur, ’expression de ma
consideration distinguée.

Dr Jean Christophe BALOUET



mailto:JCBalouet@aol.com

Submission to

Senate Rural and Regional Affairs and
Transport References Committee Inquiry

Examination of air Safety,
with particular reference to air quality in
the cabins of BAE 146 aircraft

June 1999

By Dr Jean Christophe BALOUET, Dr 3°C, Sc
Université Paris 7-Denis Diderot UFR Environment
Environment International
31 rue du Général Chanzy, 94130 Nogent-sur-Marne, France
Tel : 33148775422 Fax : 33148772638  Email : JCBalouet@aol.com

Dr Jean Christophe BALOUET is chair of the Occupational/Environmental Safety sub-Committee of
the Aerospace Medical Association, chair of the Airborne Chemicals Committee of the International
Society of Automotive Engineers, International Member of the Transportation Air Conditioning
Technical Committee of ASHRAE. He worked as a post-doc scientist for the Smithsonian Insitution
(Washington D.C.) and the Paris Museum of Natural History, then for five years as a collaborator of
the United Nations Environment Programme, Industry and Environment Office.

He is chargé de cours in environment, La Sorbonne.
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Submission by Dr Jean Christophe BALOUET

I Are aircraft engine and APU lubricating oiis, hydraulic fluids toxic ?
Undoubtedly yes. These aircraft fluid are blends of chemicals. Amongst critically toxic chemical
ingredients used in these aircraft fluids are organophosphates and Naphthalenamines. The toxicity of
these chemicals is well known worldwide for over 20 years, including their use in aviation.

2 What is their toxicity ?

Organophosphates (OPs) have long be used as chemical weapons, neurotoxicants and pesticides. Acute
exposure events as well chronic low dose exposures are known (over 30 years) as cause of critical
neurofoxic effects, including Organophosphate Induced Delayed Neuropathy (OPIDN). This is ireversible
damage to nerves in the nervous system. However, exposures that do not produce permanent neuropathy
may still be neurotoxic.

Most worrisome symptoms for aviation safety include disorientation, impaired vision, memory,
concentration, coordination, loss of balance, unconsciousness, respiratory failure... some of which can
last for months or years . Other health effects include chronique fatigue, irritant effets, as direct exposure,
observed on eyes, lungs, skin (usually short term), and other toxicity related symptoms such as vomiting,
diarrhoea. Symptom severity usually depends on exposure levels, exposure duration and frequency,
although potentiation factors such as previous incidental or chronic exposures, presence of other
chemicals, altitude, individual variations can increase toxicity.

2-Naphthalenamine is a demonstrated human bladder carcinogen for which International Agency for
Research on Cancer (IARC is a WHO body) does not allow any safe exposure.

3 What about aircraft leak events ?

It has long been acknowledged by the aviation industry that leaks do occur under incidental conditions, or
« normal » operation on a chronic basis, and in cabin contamination occur through the bleed air. These
are due to seal / aircraft parts design, age and wear, operating and maintenance conditions and
documented by logs and maintenance «top-up» volumes. They can also be delineated by the
examination of recirculation filters. Monitoring campaigns, would sampling and monitoring methods be
appropriate, would be of major importance. However, the sampling and monitoring methods used on Bae-
146 are selective, of very high blank values, and to date, the aerosolised fraction(mists/smoke/fumes) of
aircraft fluids have been poorly and inadequately investigated.

4 : What about threshold limit values of the aircraft fluids and exposure toxicity:

Cabin air contains a blend of chemicals (over 400 different chemical species and isomers) such as irritants
and chemicals toxic to the nervous system, or to liver, kidney, blood forming tissues and other organ
systems. The neurotoxicity of cabin air is the sum of the effects of the neurotoxicants present. Over 100
neurotoxicants are listed as monitored / indentified and another 100 compounds are expected as part of
compounds used or their thermal decomposition by-products.

The point is not to say that the concentration of an individual neurotoxic compound is below its individual
QOccupational Exposure Standard, when dozens of other neurotoxic compounds are present and at least
additively contribute to exposure toxic effects.

One cannot dismiss the toxicity of a blend of contaminants without a systematic approach, using adequate
sampling and monitoring methods, assessing symptoms where incidents occured, looking at thermal
degradation by-products. Not being part of the aviation industry, I do not have access to all elements of
the BAe 146 issue. Access to good monitoring data is essential in the Australian case, including monitoring
by independent experts.

Modelisation methods based on documented flights, do show that standard and threshold limit values are
exceeded in a number of existing flights, by orders of magnitude. For example, on one haze event, OP
concentration in air (both aerosol and vapour phases) has been estimated at 800 mg/m3,-all crew were
incapacitated, several passengers and crew incapacitation lasted for years or is still lasting-. Several
complaint flights with neurotoxicity symptoms have an estimated OP concentration in the range of 3
mg/m3. The recommended value for TCP is 0.5 mg/m3



5 : What about correlating symptoms to exposures?

All cognizant authorities do work on symptoms, as this is the way, experimentally or in analyzing field
events, to assess the toxicity. However, this can hardly be called preventive.

I have records of over 100 crew with long term incapacitation, following documented aviation
leak/exposure events and have regular contacts, or have met with over 15 of them. They all share the
cluster of symptoms described above. While cabin air contamination by aircraft fluids is now
acknowledged by the aviation industry, it is surprising to see that only a few symptoms have been looked
at in the Australian debate, agreeing on mild irritation but discarding the associated neurological
impairment, when exposure to the same contaminants are known to cause both of them.

6 : How International and frequent is the problem ?
It is estimated that about 70 major smoke/haze events, no fire but cabin air contaminationby aircraft fluid
leaks, occur worldwide annually (with 25 to 30 for the commercial aviation in the USA) and that the
number of severe fume events is over 500 annually (40 000 passengers and crew). Alaska airline has filed
over 1000 complaint flights in the past ten years. In Canada, over 600 complaint reports have been filed
for the past 5 years. Over 30 legal cases are censused worldwide. Recently, under FBI investigations,
maintenance records of one airline did demonstrate that the maintenance records were falsified.
Some aircraft types, especially BAe 146, MD 80, B 737, A 300, and a limited number of companies
(ANSETT/NIJS, Alaska Airlines, Air BC, Canadian operating these aircraft) have been cause of over 90
% of the worldwide problems identified today, whereas they represent less than 3% of world flights. The
aviation understanding of these statistics is that some aircraft are more prone to leaks due to design, and
that these leaks are considerably reduced with adapted maintenance and operations.
Anestt / NJS and Bae 146 are statistically the highest ranking for cabin air problems, before Alaska.

7 What kind of consequences could be expected ?
Flight safety is certainly a major concern. One cannot expect a pilot with disorientation, altered memory
and concentration, blurred vision and blurred speech, loss of balance and coordination fly and land an
aircraft safely. In-cabin contamination by aircraft fluids has been a suspected cause for several
unexplained crashes. The Executive Director of Aerospace Medical Association, Dr Russ Rayman,
investigating 89 USAF incidents, states that « smoke fumes in the cockpit are not a rare event and is a
clear threat to flying safety because of acute toxic effects. If smoke/fumes are detected, crewmembers
should immediately follow established emergency procedures... ».
Crew and passenger health is the other major concern. Short and long term incapacitation after
documented exposure is a fact; toxicity of aircraft fluid contaminants is known and in-cabin
contamination/exposure events acknowledged.
Responsibilities and legal cases are most important as issue is further documented.

8 Can the problem be solved ?

Improved design and maintenance (including additional maintenance on ageing aircraft), procedures for
grounding the aircraft when leaks or fumes are detected, top up needed, can drastically reduce the leak
events and exposure levels, also increasing safety. Less toxic coumpounds ought to be developed while
improved contaminant removal systems can be adopted. It is a poor practice to pretend that no procedures
are required if a smoke/fumes event occurs. People should be informed and given advice on preservative
procedures which reduce exposures. In the case of smoke/fume events, flight deck crew must use safety
masks, the contaminating pack must be switched off, cabin crew and passengers must breath through
blankets and emergency procedures applied. Leaks need to be repaired and air ducts cleaned (no pack
burn out when people in aircraft) before further flight operation.

While the perspective is to have the very safest flying environment, all past technical and human aspects,
engineering and health effects, should be compensated.

Dr Jean Christophe BALOUET  JCBalouet@aol.com
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Submission by Dr Jean Christophe BALOUET
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2 What is their toxicity ?
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The point is not to say that the concentration of an individual neurotoxic compound is below its individual
Occupational Exposure Standard, when dozens of other neurotoxic compounds are present and at least
additively contribute to exposure toxic effects.

One cannot dismiss the toxicity of a blend of contaminants without a systematic approach, using adequate
sampling and monitoring methods, assessing symptoms where incidents occured, looking at thermal
degradation by-products. Not being part of the aviation industry, I do not have access to all elements of
the BAe 146 issue. Access to good monitoring data is essential in the Australian case, including monitoring
by independent experts.

Modelisation methods based on documented flights, do show that standard and threshold limit values are
exceeded in a number of existing flights, by orders of magnitude. For example, on one haze event, OP
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mg/m3. The recommended value for TCP is 0.5 mg/m3
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From: JCBalouet@aol.com [SMTP:JCBalouet@aol.com]

Sent: Thursday, March 30, 2000 7:43 PM

To: Trish.Carling@aph.gov.au

Subject: BAe 146

Sénateurs, N

I thank you for the honor of being invited to contribute to your committee on March
13.

In a complementary submission to you, and in accordance with proposed continued
contact, I would like to add the following elements.

I would invite the committee to consult the US EPA Federal Register, Guidelines for
neurotoxicity risk assessment [FRL-6011-3] RIN 2080-AA08, dated May 14, 1998
(Volume 63, number 93). I especially invite the committee to section 3: hazard
characterization.

Also, I attach a Word file on aviation existing or draft requirements by FAA and JAA.
This document is a working document at SAE AC/9 level, developed by aviation
industry under the Airborne chemical committee which I chair. I know this represents
significant additional reading, although sections dealing with our issues are selected to
save you time. This may eventually demonstrate that cabin air contamination by
airbome chemicals is not considered as normal at design, operation or requirement
levels.

You might also be interested to get in contact with Professor Robert Haley. He is a
professor of epidemiology at Southwestern Medical University, Dallas, Texas. He has
been working for the US Center for Disease Control and has most solid expertise in
the field of Gulf War Syndrome, which looks pretty close in symptoms to the
aerotoxic syndrome while exposure events to organophosphated compounds are
shared. His contacts are :

Professor Robert HALEY

rhaley@mednet.swmed.edu

Epidemiology Division, Dept of Internal Medicine

Southwestern Medical University Dallas Texas 75235-8874

Tel : 2146483075

You might be interested to add his paper to your references : Robert W. Haley, Scott
Billecke, and Bert N. La Du : 1999 ; Association of low PONI type Q (type A)
arylesterase activity with neurologic symptoms complexes in Gulf war veterans.
Toxicology and Applied Pharmacology, 187, pp 227-233.

This deals with possible genetic / enzymatic factors that could explain individual
susceptibility factors.

Looking at leak rates, I think the point is not at comparing a leaking aircraft with
another leaking aircraft (even if an A 340 transports more passengers than a Bae 146,
has a higher airflow, or much longer range and rotation). The figure of 2 to 3 quarts
per rotation on a Bae 146 is way too high compared to other aircraft. Also, an
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average leak rate is meant to be exceeded in several circumstances. I feel that high
and highest leak rate figures would help the Senate committee.

One might note that, in almost 10 years, only 12 reports have reached BASI on Bae
146 smoke, fire, fumes from any source (compared to higher numbers on other
aircraft). This might indicate discrepancy in use of the reporting system within the
required guidelines of the Aviation Regulations and the acceptance of this.

The issue of independent expertise is more than ever on. I will be available to the
Senate Committee and Parties for such independent expertise, as discussed on March
13. Please feel free to contact me, or to let this offer known to Parties.

Please feel free to contact me for any questions,
Sincerely yours,
Dr Jean Christophe BALOUET
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FAR's

FAR 23.831 Ventilation.

(a) Each passenger and crew compartment must be suitably ventilated. Carbon monoxide concentration may not exceed one
part in 20,000 parts of air.

(b) For pressurized airplanes, the ventilating air in the flightcrew and passenger compartments must be free of harmful or
hazardous concentrations of gases and vapors in normal operations and in the event of reasonably probable failures or
malfunctioning of the ventilating, heating, pressurization, or other systems and equipment. If accumulation of hazardous
quantities of smoke in the cockpit area is reasonably probable, smoke evacuation must be readily accomplished starting
with full pressurization and without depressurizing beyond safe limits.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964; 30 FR 258, Jan. 9, 1965, as amended by Amdt. 23-34, 52 FR 1831, Jan. 15, 1987;
Amdt. 23-42, 56 FR 354, Jan. 3, 1991]

FAR 23.975 Fuel Tank Vents and Carburetor Vapor Vents.

(a) Each fuel tank must be vented from the top part of the expansion space. In addition-

(1) Each vent outlet must be located and constructed in a manner that minimizes the possibility of its being obstructed
by ice or other foreign matter;

(2) Each vent must be constructed to prevent siphoning of fuel during normal operation;

(3) The venting capacity must allow the rapid relief of excessive differences of pressure between the interior and
exterior of the tank;

(4) Airspaces of tanks with interconnected outlets must be interconnected;

(5) There may be no point in any vent line where moisture can accumulate with the airplane in either the ground or
level flight attitudes, unless drainage is provided. Any drain valve installed must be accessible for drainage;

(6) No vent may terminate at a point where the discharge of fuel from the vent outlet will constitute a fire hazard or
from which fumes may enter personnel compartments; and

(7) Vents must be arranged to prevent the loss of fuel, except fuel discharged because of thermal expansion, when the
airplane is parked in any direction on a ramp having a one-percent slope.

(b) Each carburetor with vapor elimination connections and each fuel injection engine employing vapor return provisions
must have a separate vent line to lead vapors back to the top of one of the fuel tanks. If there is more than one tank and it
is necessary to use these tanks in a definite sequence for any reason, the vapor vent line must lead back to the fuel tank
to be used first, unless the relative capacities of the tanks are such that return to another tank is preferable.

(c) For acrobatic category airplanes, excessive loss of fuel during acrobatic maneuvers, including short periods of inverted
flight, must be prevented. It must be impossible for fuel to siphon from the vent when normal flight has been resumed
after any acrobatic maneuver for which certification is requested.

{Doc. No. 4080, 29 FR 17955, Dec. 18, 1964; 30 FR 258, Jan. 9, 1965, as amended by Amdt. 23-18, 42 FR 15041, Mar. 17,
1977; Amdt. 23-29, 49 FR 6847, Feb. 23, 1984: Amdt. 23-43, 58 FR 18973, Apr. 9, 1993; Amdt. 23-51, 61 FR 5136, Feb. 9,
1996]

FAR 23.1091 Air Induction System.

(a) The air induction system for each engine and auxiliary power unit and their accessories must supply the air required by
that engine and auxiliary power unit and their accessories under the operating conditions for which certification is
requested.

(b) Each reciprocating engine installation must have at least two separate air intake sources and must meet the following:

(1) Primary air intakes may open within the cowling if that part of the cowling is isolated from the engine accessory
section by a fire-resistant diaphragm or if there are means to prevent the emergence of backfire flames.

(2) Each alternate air intake must be located in a sheltered position and may not open within the cowling if the
emergence of backfire flames will result in a hazard.

(3) The supplying of air to the engine through the alternate air intake system may not result in a loss of excessive power
in addition to the power loss due to the rise in air temperature.

(4) Each automatic alternate air door must have an override means accessible to the flight crew.

(5) Each automatic alternate air door must have a means to indicate to the flight crew when it is not closed.

(c) For turbine engine powered airplanes-
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(1) There must be means to prevent hazardous quantities of fuel leakage or overflow from drains, vents, or other
components of flammable fluid systems from entering the engine intake system; and

(2) The airplane must be designed to prevent water or slush on the runway, taxiway, or other airport operating surfaces
from being directed into the engine or auxiliary power unit air intake ducts in hazardous quantities The air intake
ducts must be located or protected so as to minimize the hazard of ingestion of foreign matter during takeoff,
landing, and taxiing.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as amended by Amdt. 23-7, 34 FR 13095, Aug. 13, 1969; Amdt. 23-43, 58 FR
18973, Apr. 9, 1993; 58 FR 27060, May 6, 1993; Amdt. 23-51, 61 FR 5137, Feb. 9, 1996]

FAR 23.1109 Turbocharger Bleed Air System.

The following applies to turbocharged bleed air systems used for cabin pressurization:
(a) The cabin air system may not be subject to hazardous contamination following any probable faifure of the turbocharger
or its lubrication system.
(b) The turbocharger supply air must be taken from a source where it cannot be contaminated by harmful or hazardous gases
or vapors following any probable failure or malfunction of the engine exhaust, hydraulic, fuel, or oil system.

[Amdt. 23-42, 56 FR 354, Jan. 3, 1991]

FAR 23.1111 Turbine engine bleed air system

For turbine engine bleed air systems, the following apply:
(a) No hazard may result if duct rupture or failure occurs anywhere between the engine port and the airplane unit served by
the bleed air.
(b) The effect on airplane and engine performance of using maximum bleed air must be established.
(c) Hazardous contamination of cabin air systems may not result from failures of the engine lubricating system.

[Amdt. 23-7, 34 FR 13095, Aug. 13, 1969, as amended by Amdt. 23-17, 41 FR 55465, Dec. 20, 1976]

FAR 23.1121 General.

For powerplant and auxiliary power unit installations, the following apply-

(a) Each exhaust system must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination
in any personnel compartment,

(b) Each exhaust system part with a surface hot enough to ignite flammable fluids or vapors must be located or shielded so
that leakage from any system carrying flammable fluids or vapors will not result in a fire caused by impingement of the
fluids or vapors on any part of the exhaust system including shields for the exhaust system.

(c) Each exhaust system must be separated by fireproof shields from adjacent flammable parts of the airplane that are
outside of the engine and auxiliary power unit compartments.

(d) No exhaust gases may discharge dangerously near any fuel or oil system drain.

(e) No exhaust gases may be discharged where they will cause a glare seriously affecting pilot vision at night.

(f) Each exhaust system component must be ventilated to prevent points of excessively high temperature.

(g) Ifsignificant traps exist, each turbine engine and auxiliary power unit exhaust system must have drains discharging clear
of the airplane, in any normal ground and flight attitude, to prevent fuel accumulation after the failure of an attempted
engine or auxiliary power unit start.

(h) Each exhaust heat exchanger must incorporate means to prevent blockage of the exhaust port after any internal heat
exchanger failure.

(i) For the purpose of compliance with §23.603, the failure of any part of the exhaust system will be considered to
adversely affect safety.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as amended by Amdt. 23-7, 34 FR 13095, Aug. 13, 1969; Amdt. 23-18, 42 FR
15042, Mar. 17, 1977; Amdt. 23-43, 58 FR 18974, Apr. 9, 1993; Amdt. 23-51, 61 FR 5137, Feb. 9, 1996]

FAR 23.1125 Exhaust Heat Exchangers.
For reciprocating engine powered airplanes the following apply:
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(a) Each exhaust heat exchanger must be constructed and installed to withstand the vibration, inertia, and other loads that it
may be subjected to in normal operation. In addition~
(1) Each exchanger must be suitable for continued operation at high temperatures and resistant to corrosion from

exhaust gases;

(2) There must be means for inspection of critical parts of each exchanger; and
(3) Each exchanger must have cooling provisions wherever it is subject to contact with exhaust gases.

(b) Each heat exchanger used for heating ventilating air must be constructed so that exhaust gases may not enter the
ventilating air;

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as amended by Amdt, 23-17, 41 FR 55465, Dec. 20, 1976]

FAR 23.1197 Fire Extinguishing Agents.

For commuter category airplanes, the following applies:
(a) Fire extinguishing agents must-
(1) Be capable of extinguishing flames emanating from any burning of fluids or other combustible materials in the area
protected by the fire extinguishing system; and
(2) Have thermal stability over the temperature range likely to be experienced in the compartment in which they are
stored
(b). If any toxic extinguishing agent is used, provmons must be made to prevent harmful concentrations of fluid or fluid
vapors (ﬁ'om leakage during normal operation of the airplane or as a result of discharging the fire extinguisher on the
ground or in flight) from éntering any personnel compartment, even though a defect may exist in the extinguishing
system. This must be shown by test.except for built-in carbon dioxide fuselage-compartment fire extinguishing systems
for which-
(I) Five pounds or less of carbon dioxide will be. discharged, under established fire control procedures, into any
fuselage: compartthent; or
(2) Protective breathing equipment is available for each flight crewmember on flight deck duty.

fAmdt. 23-34, 52 FR 1833, Jan. 15, 1987}

61 FR 63951 Allowabie Carbon Dioxide Concentration in Transport Category Airplane Cabins; Final
Rule

Date: December 2, 1996
Federal Register / Vol. 61, No. 232 / December 2, 1996 / Rules and Regulations
Part IV
Department of Transportation
14 CFR Part 25
[Docket No. 27704, Amdt. No. 25-89]
RIN 2120-AD47

AGENCY: Federal Aviation Administration (FAA), DOT.

ACTION: Final rule.

SUMMARY: This amendnient revises the standards for maximum allowable carbon dioxide (CO2) concentration in occupied
areas of transport category-aiiplanes by reducing the maximum allowable concentration from 3 percent to 0.5 percent. This action
is in response to a recommendatiori from the National Academy of Sciences to review the CO2 limit in airplane cabins, and
provides a cabin CO2 concentration level representative of that recommended by some authorities for buildings.

EFFECTIVE DATE: January 2, 1997,
FOR FURTHER INFORMATION CONTACT: Kristin L. Larson, FAA, Flight Test and Systems Branch, ANM-11t,

Transport Airplane Directorate, Airoraft Certification Service, 1601 Lind Avenue SW., Renton, Washington 98055- 4056;
telephone (206).227-1760, facsimile (206) 227-1100;
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SUPPLEMENTARY INFORMATION:

Background

This amendment is based on Notice of Proposed Rulemaking No. 94-14, published in the Federal Register on May 2, 1994 (59
FR 22718). As discussed in that notice, this action reduces the maximum allowable carbon dioxide concentration level from 3
percent to 0.5 percent.

In October 1984, the Department of Transportation was directed by Congress (Public Law 98-466) to commission the National
Academy of Sciences (NAS) to conduct an independent study on the cabin air quality in transport category airplanes The NAS
formed the Committee on Airliner Cabin Air Quality to study all safety aspects of airliner cabin air quality, and submitted its
report, "The Airliner Cabin Environment--Air Quality And Safety," to the FAA on August 12, 1986. One of the recommendations
in the report relates to the allowable carbon dioxide (CO2) concentration in the airplane cabin. This action is a result of that
recommendation. For the purposes of this rule, the term "cabin” is meant to include the passenger cabin, the flight deck, lower
lobe galleys, crew rest areas, and any other areas occupied by passengers or crew members in a transport category airplane

Discussion

Carbon dioxide is the product of normal human metabolism, which is the predominant source in airplane cabins The CO2
concentration in the cabin depends on the ventilation rate, the number of people present, and their individual rates of CO?
production, which varies with activity and (to a smaller degree) with diet and health. Carbon dioxide is also generated by
sublimation of dry ice used to cool food in the galleys, and to preserve certain cargo carried in the cargo compartments. The
carbon dioxide concentration level is frequently used as an indication of general air quality. At concentrations above a given
level, complaints of poor air quality or “stuffiness" begin to appear.

The maximum CO2 limit of § 25.831(b)(2) of the Federal Aviation Regulations (FAR) is 3 percent by volume, sea level
equivalent. This 3 percent limit was incorporated into § 4b.371 of the Civil Air Regulations (CAR) by Amendment 4b6 on March
5, 1952, This limit was carried over into 14 CFR part 25 when this part was codified in 1965. This high limit was established to
allow for increases in the carbon dioxide. levels in the crew compartment to ensure that, in airplanes with built-in carbon dioxide
fire extinguishing systems, safe carbon dioxide concentration levels would not be exceeded in the occupied areas when
combating fires in cargo compartments.

The American Conference of Governmental Industrial Hygienists (ACGIH) has adopted a short-term exposure limit (STEL) for
CO?2 of 30,000 parts per million (3 percent). The 3 percent limit specified in part 25 may therefore be satisfactory as a short-term
limit, but is inappropriate for a steady-state condition. However, the NAS Committee notes in their report that this 3 percent limit
is much higher than the limits adopted by the air conditioning industry for buildings and other types of interior environments, and
recommends that the limit specified in part 25 be revised to more closely match the currently acceptable limits. The FAA
concurs.

In contrast to the 3 percent limit specified in part 25, the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), in their Standard 62-1989, recommends an outside air ventilation rate of 15 cubic feet per minute for
vehicles. Based on the ASHRAE calculations, this equates to a CO2 limit of 1,000 parts per million (PPM), or 0.1 percent, if the
occupants have a low physical activity level. As most of the airplane occupants are passengers who are not active, this is a
reasonable parallel. ASHRAE standards such as the 0.1 percent CO2 limit are frequently quoted in magazine and newspaper
articles when reporting on airliner cabin air quality.

As CO2 concentration in the air increases, there is an increase in both the rate and the depth of breathing, reaching twice the
normal rate at 3 percent concentration. At 3 percent concentration, there is some discomfort; at higher concentrations, headache,
malaise, and, occasionally, fatigue occur, and the air is reported by those affected as being stale. People can function for long
periods of time at levels of CO2 as high as 1 percent (as in nuclear submarines), but it is generally felt by ASHRAE that 0.1
percent is a better limit. This value, however, is based on the dissipation of smoke and odors and not on health considerations As
noted above, according to ASHRAE Standard 62-1989, a steady-state CO2 concentration of 0.1 percent would require a fresh-air
ventilation rate of 15 cubic feet per minute (cfim) per person. In the previous edition of the standard (62-1981), ASHRAE
recommended a limit of 0.5 percent for office buildings and other occupied spaces, but suggested that 0.25 percent would provide
an additional safety factor. The ASHRAE standard is intended to be used as a comfort standard rather than a health and safety
standard. ASHRAE has recognized that the 0.1 percent CO2 concentration limit may not be appropriate for airliner cabins, and
has formed an aviation subcommittee, the charter of which is to develop a transport airplane cabin air quality standard. While this
subcommittee is not an FAA advisory committee, industry often uses ASHRAE standards in designing systems. The
subcommittee will sponsor research studies to determine the quality of the ambient air and quantify the correlation between
measurable contaminants and passenger perception of air quality. As noted above, ASHRAE standards were intended to be used
for buildings rather than vehicles such as airplanes, and they consider it appropriate to establish a new standard for airplanes at
this time,

The Occupational Safety and Health Administration (OSHA), in § 1910.1000 of part 1910 (CFR 29), sets an interim (transitional)
limit for CO2 at 5,000 ppm or 0.5 percent, with a final rule limit of 10,000 ppm or 1 percent, effective December 31, 1993. The
increase to I percent is apparently in deference to operators of commercial bakeries and breweries, both of which generate a
significant amount of CO2 in their processes. The FAA does not believe it is appropriate to base the allowable CO2 concentration
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in transport category airplanes on the needs of specific manufacturing processes. Other commercial enterprises have no difficulty
in meeting the existing OSHA limit of 0.5 percent.

The American Conference of Governmental Industrial Hygienists, in its "Documentation of the Threshold Limit Values and
Biological Exposure Indices—Sixth Edition," also recommends 0.5 percent as a limit, but ACGIH recommends this value as a
time-weighted average limit for repeated daily exposure by workers. The FAA is adopting this value as a limit. A concentration
limit of 0.5 percent is considered 1o be appropriate because there are no documented safety or health benefits associated with the
establishment of a lower value.

Copies of the pertinent documents from ASHRAE, OSHA, and ACGIH have been placed in the public docket for this
rulemaking.

Cabin ventilation provides air for dilution of airbome contaminants, and supplies oxygen for passengers and crew. Oxygen
requirements for sedentary adults can be met with a fresh-air ventilation rate of only 0.24 cubic feet per minute (CFM) per
person. Ventilation rates for current transport category airplanes vary from a low of approximately 7 cfm per person (with one or
more air conditioning packs turned off for economy), to over 20 ¢fm per person (which includes up to 50 percent filtered,
recirculated air). Thus, even at the lowest ventilation rates available on current airplanes, there is no significant reduction in the
percentage of oxygen, or increase in the amount of water vapor in the cabin due to respiration. However, the design parameters
for the ventilation systems are driven by operation on the ground during hot days. Contamination of air with CO2 varies inversely
with the ventilation rate, because CO2 production by sedentary people is nearly constant.

In order to bring the maximum allowable carbon dioxide concentration into concert with accepted modern limits, this rule adopts
a new maximum allowable carbon dioxide conceniration of 0.5 percent. According to ASHRAE, for sedentary people this
concentration can be maintained by a fresh air flow rate of 2.25 cfin per person, which is lower than that currently measured in
transport category airplanes,

Section 25.831(b)(2) currently reads, "Carbon dioxide in excess of three percent . . . is considered hazardous in the case of
crewmembers." The health and comfort considerations discussed earlier are equally valid for passengers. Therefore, the FAA has
removed the reference to crewmembers. In addition, § 25.831(b)(2) also specifies that, "Higher concentrations of carbon dioxide
may be allowed in crew compartments if appropriate protective breathing equipment is available." This sentence was
incorporated when the 3 percent limit was established in CAR 4b.371 in 1952. As noted above, the origins of the 3 percent limit
are unclear, but it is likely that the limit was set at this high level to account for the discharge of CO2 fire extinguishers in the
flight deck, cabin, or cargo compartment. This thesis is supported by the mention of protective breathing in the existing rule.
However, most CO2 extinguishers have been replaced by Halon or other types of fire extinguishers. Further, the mle is not
intended to cover the short-duration rise in CO2 concentration that would accompany discharge of a fire extinguisher. Therefore,
that sentence in § 25.831(b)(2) is removed because it is no longer considered necessary or appropriate.

Section 25.831(b)(1) specifies a limit for carbon monoxide (CO) concentration of 1 part in 20,000 parts air (0.005 percent). This
limit is the same as currently recommended by ASHRAE and the Occupational Safety and Health Administration (OSHA), and
therefore this action does not change this limit,

Discussion of Comments

Comments were received from foreign and domestic airplane manufacturers through their respective trade associations, foreign
airworthiness authorities, trade organizations representing flight attendants and US and Canadian pilots, one US operator, an
organization representing airline passengers, and several individuals.

Two commenters support the proposed change as it appears in the notice. Five commenters wrote to register dissatisfaction with
the air quality on airplanes, mentioning both comfort for passengers and illnesses believed to be associated with inadequate fresh
air flow. One commenter urges the FAA to "make the changes necessary so that we can fly in reasonable health." Another
commenter is of the opinion that "very poor recirculation of air in planes is costing a lot of money in medical terms, not to
mention suffering.” Two commenters state that the FAA should perform tests on existing airplanes. The FAA infers from these
comments that the commenters are in favor of revising the requirements to ensure acceptable air quality. Studies conducted by the
FAA and others do not indicate that there is a health hazard associated with cabin air quality. As none of these commenters
suggest specific changes to the proposal, there are no changes to the final rule in response to the comments.

One commenter misread the proposal as to the allowable concentration currently in the regulations and that proposed in the
notice. This commenter states that the standards for cabin air quality should be better than the standard set for buildings, because
the population density is higher in an airplane, and in an office building people may exit periodically. While the commenter made
no specific. recommendations, the FAA infers that the commenter advocates lower limits than proposed in the notice. The FAA
does not. concur that these factors justify a requirement for a lower carbon dioxide concentration. The existing standards are all
based on a ventilation rate per occupant. To meet the same requirements with a higher population density, a greater volume of
fresh air ventilation is required. It is not clear how this concern can be addressed by the airline industry or the FAA when the
studies conducted indicate that the air quality in airplanes does not present a hazard to the health of the travelers.

Two commenters state that the proposed 0.5 percent carbon dioxide concentration limit is too high. One commenter suggests that
the FAA "set a limit of 800 parts per million (ppm), the same level proposed by the Occupational Safety and Health
Administration for indoor air quality," which is 0.08 percent. Another commenter recommends that the FAA adopt an airplane
cabin carbon dioxide maximum concentration of 0.1 percent. Both commenters express concems about the effect of higher
carbon dioxide levels and increased recirculation on the spread of disease and on people with respiratory difficulties. One
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conunenter notes that concentrations above 0.1 percent may result in complications for persons with an existing' respiratory
difficulty, noting that 12.4 million Americans have asthma.

Another commenter states that flight attendants who are repeatedly exposed to carbon dioxide levels above 0.1 percent develop a
tolerance, while passengers do not. Another commenter states that flight attendants are at a greater risk because of this same
repeated exposwre The FAA does not concur with these views. The documented studies contained in the docket for this rule
indicate that the air quality currently present in the airliner cabins is comparable to that found in other indoor environments. The
OSHA recommendation proposed in the Federal Register on April 5, 1994 (59 FR 16035), which has not been adopted at this
time, addresses the carbon dioxide concentration as a comfort factor to be used in determining the need to verify proper operation
of heating and ventilating equipment. Further, this proposal addresses non-industrial work environments and specifically excludes
vehicles. A copy of the OSHA proposed amendment has been included in the docket for this rulemaking. There is no evidence
that concentrations up to 0.5 percent present any health hazard in terms of general health or the spread of disease. In the
economic evaluation conducted by the FAA, the higher costs associated with requiring a carbon dioxide concentration limit
below 0.5 percent do not.present a favorable cost/benefit ratio and cannot be justified, Further, there appears to be no specific
concentration fevel, even at levels down to 0.1 percent, at which at least some passengers might not be affected. This rule, which
will be contained in the airworthiness requirements of part 25, is intended to provide safe flight and landing for transport category
airplanes. Because carbon dioxide in concentrations below 0.5 percent do not have adverse safety effects, the FAA has
determined that a concentration limit of 0.5 percent provides a reasonable balance between cost and benefit, and provides a
significant improvement over the existing allowable concentration.

Several commenters note that the OSHA and ACGIH standards are for an average concentration over a specific time period.
ACGIH, for instance, recommends 5,000 ppm (0.5 percent) as a time-weighted average for a normal 8-hour workday or a 40-
hour workweek. They note in their 1991 report that Australia, Germany, Sweden, and the United Kingdom all recommend a time-
weighted value of 0.5 percent for carbon dioxide concentration. OSHA's limits also reflect the average airborne exposure in any
8-hour work shift of a 40-hour workweek. The FAA infers that the commenters advocate providing both a time weighted and a
short term concentration limit, The FAA does not concur that the carbon dioxide level should be averaged over the entire flight
for several reasons. Many flights exceed eight hours in duration, and the occupants are not able to leave the airplane as are
workers in an office. Also, there are added stresses involved in being in an airplane cabin. The cabin pressure altitude is
significantly above sea level, usually at 6,000 to 8,000 feet. The relative humidity is lower than is usually found in ground-based
environments. There are unquantified stresses associated with being in a crowded airplane cabin. Many people experience anxiety
from the mere fact that they are aloft. While most of these factors cannot be controlled, the FAA has determined that the present
part 25 limit on carbon dioxide concentration does not reflect industry standards and should be reduced accordingly.

One commenter suggests that the average concentration should be limited to 0.5 percent, but "a limit of 3 percent by volume (sea
level concentration) may be allowed for short term durations." The commenter points out that the 3 percent limit for short term
durations corresponds. to the short term exposure limit (STEL) adopted by the ACGIH, and having two limits should be similar to
the two limits on cabin ozone concentration specified in § 25.832. Again, the FAA does not concur. The adverse health and safety
effects of ozone are defined in available literature and § 25.832 of the FAR addresses that concern. There appears to be no reason
to phrase the two requirements similarly.

The FAA has determined, however, that some short term. excursions to values higher than 0.5 percent at some locations in the
airplane may occur during normal, inflight operations when airplane pressurization and air conditioning systems are controlling
the environment in the cabin, One commenter notes that the area in close proximity to the galley may experience higher carbon
dioxide levels because meals are often cooled by dry ice, which releases gaseous carbon dioxide. Another commenter states that
cabin air can be contaminated on the ground by exhaust ingestion or self ingestion during certain wind conditions. The FAA does
not agree that this presents a problem. In one survey, conducted by the Harvard University School of Public Health, carbon
dioxide levels were measured during boarding and deboarding operations. The typical levels reported were 2,000 to 2,550 ppm,
or 0.2 to 0.25 percent, well below the 0.5 percent proposed by the FAA, However, the FAA does concur that it is not appropriate
for the certification standards to apply to operations on the ground when the airplane systems are not operating (e.g., at the gate or
during "push-back"). The final rule is changed to reflect this determination.

The same commenter expresses concern that the use of carbon dioxide hand-held fire extinguishers in the cabin could result in
local concentrations exceeding 0.5 percent, noting that the present Halon extinguishers might be replaced by carbon dioxide
devices now that production of Halon is banned, and suggests a higher short-term exposure limit. The FAA does not concur that
this is a justification foi a higher limit. The use of carbon dioxide fire extinguishers is not envisioned, although there are no
prohibitions against their use in airplanes. When Halon is no longer available, the replacement extinguishers will be required to
be safe in the concentrations predicted for use in occupied areas. Further, the use of fire extinguishers in the cabin is, by its
nature, an emergency situation, This is not, in the context of the previous paragraph, normal in-flight operations. Therefore, there
appears to be no need. for the higher limit on carbon dioxide.

Two commenters state that the utilization of building criteria for establishing carbon dioxide concentration limits for airplane
cabins is not appropriate. Both commenters add that the statement in the proposal that concentrations above 0.5 percent are
hazardous is not justifiable. The FAA concurs with the general statement that carbon dioxide concenirations above 0.5 percent
may not be hazardous for most people. Many standards in use today allow higher concentrations. As noted by one commenter,
the World Health Organization considers 12,000 ppm (1.2 percent) to be a safe level. In any case, the final rule has been changed
and no longer contains the word "hazardous." Both of these commenters note that the rule, as proposed, would limit carbon
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dioxide concentrations in lower lobe galleys, accessible cargo compartments where animals are carried, cockpits, and other
occupied areas. They express concem that local carbon dioxide concentrations in the galley areas where food is cooled with dry
ice might exceed 0.5 percent. The FAA concurs in part with these comments. The ventilation requirements associated with this
rule change are intended to address areas that are normally occupied. Cargo compartments accessible in flight, whether in all
cargo or "combi” airplanes with main deck cargo compartments, are not "normally occupied.” The final rule has been changed to
reflect this determination.

One commenter disagrees with the statement in the preamble of the proposed rule that "This low ventilation rate is also sufficient
to dissipate the water vapor * * *,” noting that water buildup in insulation blankets is significant with present airplane fresh air
inflow rates, especiaily in hot day ground conditions. The FAA concurs and the statement has been removed from the preamble.
In stating this view, the commenter did not recommend any changes in the rule.

One commenter states that the term "sea level equivalent” should be clarified. The commenter suggests that the clarification
include technical and/or medical rationale, including referenced sources, and provide an explanation of the methodology by
which this value is to be calculated. If this rationale is not provided, the commenter states that the FAA should delete the phrase.
The FAA does not concur that the term "sea level equivalent” is not defined, although the definition appears in reference to
another gas. In FAA Advisory Circular 120-38, "Transport Category Airplanes Cabin Ozone Concentrations,” sea level
equivalent is defined as "* * * concentration in. ppmv referenced to standard conditions of 25 ° C and 760 millimeters of mercury
pressure.” Based on this definition, and calculations provided in the AC, the maximum measured concentration, sea level
equivalent, for a cabin altitude. of 8,000 feet would be 0.5 percent multiplied by 0.74 (the ratio of air pressure at 8,000 feet to air
pressure at sea level), or 0.37 percent. Values of this ratio for other cabin altitudes are provided in the AC. As the term sea level
equivalent is defined, the rule is adopted as proposed.

The same commenter also notes that the statement in the preamble that control of carbon dioxide buildup due to respiration is the
factor that dictates the design parameters for ventilation systems is incorrect. Operation on the ground during high ambient
temperatures generally dictates the ventilation system design parameters. The FAA concurs and the preamble has been changed
accordingly.

One commenter recommends that the new standards for carbon dioxide concentration not be applied to all-cargo airplanes, The
commenter notes that measured carbon dioxide levels on the flight decks of these airplanes are well below both the current
standard and that proposed in Notice 94-14. The commenter goes on to state that lowering the limit on carbon dioxide is a
comfort issue, and would place a burden on the manufacturers of transport category airplanes that is not commensurate with any
safety benefit that might result. The FAA does not concur. As noted elsewhere in this preamble, the FAA has determined that the
existing concentration limit of 3 percent for carbon dioxide is not appropriate because many passengers and crewmembers are
adversely affected at that level. The lower levels adopted by this amendment will provide a standard that, when met, will ensure
that passengers and crewmembers, including those on all-cargo airplanes, will not be subjected to levels of carbon dioxide that
would reduce their ability to perform their assigned duties. There are no costs associated with lowering the limit as proposed.
With the exception of the changes noted above, this final rule is adopted as proposed in Notice 94-14.

Regulatory Evaluation

Changes to Federal regulations must undergo several economic analyses. First, Executive Order 12866 directs Federal agencies to
promulgate new regulations or modify existing regulations only if the potential benefits to society justify its costs. Second, the
Regulatory Flexibility Act of 1980 requires agencies to analyze the economic impact of regulatory changes on small entities.
Finally, the Office of Management.and Budget directs agencies to assess the effects of regulatory changes on international trade.
In conducting these assessments, the FAA has determined that this rule: (1) will generate benefits exceeding its costs and is not
"significant” as defined in Executive Order 12866; (2) is not "significant" as defined in DOT's Policies and Procedures; (3) will
not have a significant impact on a substantial number of small entities; and (4) will not constitute a barrier to international trade.
These analyses, available in the docket, are summarized below, following FAA's disposition of comments on the economic
aspects of the NPRM,

Response to Commnients

One commenter calculates that it would cost about $0.076 per person per hour to provide 100 percent fresh air in the cabin of a
typical 300-seat widebody airplane. The FAA disagrees with this commenter and estimates that the cost of 100 percent fresh air
would be $0.095 per person per hour.

Another commenter states. that the FAA did not account for the potential costs of applying the rule to all occupiable sections of
the airplane because it evaluated only the passenger cabin area and ignored the flight deck and lower lobe galleys. The FAA
concurs in part with this comment. The carbon dioxide concentration requirements are intended to apply to areas that are
normally occupied. The final rule has been changed to reflect this intent. Thus, the commenter's statement does not alter the
FAA's economic analysis.

Another commenter states. that the FAA did not evaluate the possibility that ground-air contamination (ingestion of other
airplanes’ exhausts) may tempotarily push the CO2 level above the 0.5 percent limit. The FAA does not agree that this presents a
problem. In one survey, conducted by the Harvard University School of Public Health, CO2 levels were measured during
boarding and deboarding operations. The typical levels reported were 0.2 percent to.0.25 percent, well below the 0.5 percent in
this rule. However, the FAA does concur that it is not appropriate for the certification standards to apply to ground operations
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when the airplane systems are not functioning. As a result, the final rule has been changed to reflect this determination
Consequently, there is no economic impact as a result of this remote possibility.

Two commenters state that if live animal cargo areas are included under the definition of "inhabited" areas, there would be
considerable potential costs. The FAA partly concurs with these comments in that cargo compartments accessible in flight,
whether in all cargo or "combi” airplanes with main deck cargo compartments, are not normally occupied and the final rule has
been changed to reflect this determination. As.a result, there is no economic impact from excluding live animal cargo areas from
this rule.

Costs

Airplane cabin CO2 levels. can be reliably calculated from the number of passengers and the ventilation rate. In addition,
engineering analyses have determined the amount of fuel used to provide a unit ventilation rate. These functional relationships
allow the calculation of the cosis to maintain a given cabin CO2 level. The FAA estimates that the 3 percent CO2 limit under the
current rule costs about 0.27 cents per person per hour while the new 0.5 percent limit will cost about 1.7 cents per person per
hour. Thus, the amended limit constitutes a 1.43 cent increase per person per hour, or about $4,475 per (newly certificated)
airplane per year.

In point of fact, however; the ventilation rates in current transport category airplanes currently maintain cabin CO2 levels below
0.5 percent. As the FAA expects that the minimum ventilation rates of future aircraft designs will also maintain CO2 levels below
0.5 percent in order to. control odors, temperature, water vapor, etc., no actual incremental costs or benefits will result from the
rule change. However, codification of this limit will ensure that future designs maintain the 0.5 percent level.

Benefits

Although outdoor air contains CO2 at the 0.03 percent level, CO2 may prodice respiratory. center stimulation, mild narcotic
effects, and asphyxiation under high levels and high exposure. duration. At concentrations of 2 to 3 percent, CO2 can produce
headaches, breathing difficulty, and increases in blood pressure and pulse. By comparison, no ill-effects have been observed at
the 0.5 percent level.

Cost-Bénefit Comparison

From a strict cost-benefit evaluation of the rule change itself, isolated from actual practice, the FAA concludes that it would cost
about 1.43 cents per person per hour to increase the ventilation to reduce cabin CO2 levels. from 3 percent to 0.5 percent. By
comparison, this reduction eliminates the cabin CO2 levels known to produce headaches, breathing difficulty, and increases in
blood pressure and pulse. While no precise economic value has been assigned to the benefit from avoiding these il effects, the
FAA has determined that they are worth more than 1.43 cents per person per hour.

Regulatory Flexibility Determination

The Regulatory Flexibility Act of 1980 (RFA) was enacted by Congress to ensure that small entities are not unnecessarily or
disproportionately- burdened by Government regulations. The RFA requires a Regulatory Flexibility Analysis if a proposed or
final rule would have a significant economic impact, either detrimental or beneficial, on a substantial number of small entities.
FAA Order 2100.14A, Regulatory Flexibility Criteria and Guidance, prescribes standards for complying with RFA review
requirements in FAA rulemaking actions. The Order defines "small entities” in. terms. of size, "significant economic impact” in
terros of annualized cosis, and' "substantial number" as eleven. or more and which is more than one-third of the small entities
subject to the proposed or final rule,

The final rule would affect manufacturers of transport category airplanes produced under future new airplane type certificates
For manufacturers, Order 2100.14A defines a small entity as one with 75 or fewer employees. Since no part 25 airplane
manufacturer has 75. or fewer employees, the rule would not have a significant economic impact on a substantial number of small
entities.

Tnternational Trade Impact Assessment

As the certification rules apply to both foreign and domestic manufucturers that market airplanes in the United States, neither
group will receive a competitive advantage. As no. incremental compliance costs are expected, there will be no competitive trade
disadvantage or advantage for U.S, manufacturers in foreign markets or for foreign manufacturers.in the United States.

Federalism Implications

The regulations adopted herein will not. have substantial direct effects on the States, on the relationship between the national
government and the States, or on the distribution of power and responsibilities among the various levels of government.
Therefore, in accordance with Executive Order 12612, it is determined that this final rule will not have sufficient federalism
implications to warrant the preparation of a Federalism Assessment,

International Civil Avistion Organization (ICAO) and Joint Aviation Regulations

In keeping with U.S, obligations under the Convention on International Civil Aviation , it is FAA policy to comply with ICAO
Standards and Recommended Practices to the maximum extent practicable. The FAA has determined that this rule does not
conflict with any international agresment of the United States.
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Paperwork Reduction Act
In accordanice with the Papéerwork Reduction Act of 1990 (44 U.S.C. 3501 et seq,), there are no reporting or recordkeeping
requirements associated with this rule;

Conclusion

Because the revised standards Tor meximum aflowable carbon dioxide concentration are not expected: to result in a. substantial
economic. cost of have # significant adverse effect oti, competition, the FAA has determined that this final rule is not. significant
under Exécutive Otder 12866, In. addmon, the FAA has determined that this action is-not significant as defined in Department of
Transporiation Regulatoxy Policles and Procedures: (44 FR 11034, February 26, 1979). Since no actual incremental costs are
expecied to be incurred to comply with the tequu‘emcnts -of this. rule, the FAA certifies, under the critefia of the Regulatcxy
Flexxb:lzty Act, that this-regulation will not have a significant economic impact, positive ornegative, on a substantial number of
small entities. A copy-of the- regulatory evaluation prepared for this final rule has:been placed in.the public docket. A copy may
be obtained from the person identified under the caption, FOR FURTHER INFORMATION CONTACT.

List of Subjects tit 14 CFR Part 25

fefy, Reporting and recordkeeping requirements,
Adoptxon of the. Ametidment
In. consideration of the forcgomg, the Federal Aviation Adminisiration (FAA) amends 14 CFR part. 25 of the Federal Aviation
Regulations (FAR) asifollows;

PART 25-AIRWORTHINESS STANDARDS: TRANSPORT CATEGORY AIRPLANES

¥, The authority c‘itati& part 25 continues to réad as. follows:
Authomy 49USL, 106(g),. 401 13,44701-44702, 44704, )
2. Section25.831 is amended by fevising paragraph (b)(2) to read as follows:

Ventilation
Ty
e
2) Carbon dioxide cpncentration. during flight must be. shown not to exceed 0.5 percent by volume (sea Jevel

eqplvalent) in.tompartments normally sceupied by passengers or créwmenbers,
X X2 2]

Issued in Washington, D.C., on November 21, 1996.
Linda Hall Daschle,
Acting Administrator.

[FR Doc. 96-30525 Filed 11-29-96; 8:45 am]
BILLING CODE 4910-13-P

FAR 25.831 Ventilation.

{2) Under normal opemtmg conditions. and in the event of any probable failure. conditions' of any system which. would
adversely affect the venhlatmg air, ihe ventilation system must be designed to provide a sufficient amount of
uncontaminated.air to énable the crewnienbers to perform their duties without undue discomfort or fatigue and to
provide feasbhable passeniger comfort. For normal -operating conditions, the ventilation system must be designed to
provxde edch ocoupant with-an airflow containing at least 0.55 pounds of fresh air per minute:

(b) Crew and passengér compartment ajr must be free from harmful or hazardous concentrations. of gases. or vapors: In
meeting this fequirement, thefollowing apply:

(1) Carbon monomde concentrations, in excess of 1 part in 20,000 parts of air are considered hazardous. For test
puiposes, aily- acceptable carbon morioxide-detection method may'be used,

{2) Carbon dioxide concentration. during flight must be shown mot to exceed 0.5 percent by volume (sea level
gquxvalcnt) in: s;ompmments normally-occipied by passengers-or crewmembers,

(c) There mugt be provisions made to ensure that the conditions prescribed in paragraph (b) of this section arc met after
feasonably probable failurés or malifunictioning of the ventilating, heating; pressurization, or other systems and
équipment;

@) If accumulation.of ‘hazardous quantifies of smoke in the cockpit aréa is-reasonably probable, smoke evacuation must be
teadily accomplished, starting with full pressurization and without depressurizing beyond safe limits.



becember /, 1Y9Y rage 1V o1 2%

©

®

(®

Except as provided in paragraph {f) of this section, means must be- provided to enable the occupants of the following

compartments and areas to contro} the tempmwre and quantity of ventilating air supplied to their compartment or-area

independenty of the temperature and quantify of air supplied to other compartments and areas:

(1) The flight orew cofiapaitment,

(2) Crewinember compaxﬁnents and areas other than the flight créw compartment unless the crewmember compartment
or area.is:véntilated by airinterchange with other compartments or-areas under all opemhng conditions.

Means to enable the flight crew to control the. temperature and quantity of ventilating air supplied to the flight crew

compartment mdcpendently of the temperature and-quantity of ventilating air supplied to other compartments are nof

required:if all-ofithe following conditions are met;

{1) The-fotal volume of thé flight crew-and passenger compartments is 800 cubic feet or less.

{2) ‘The:air jnléts and: passagés-for air to flow between flight crew and passenger compariments are arranged.to provnde
compartment temperatures Wwithin 5 degrees. F. of each other and adequate ventilation to occupants in. both
compartmenta

{3) The tempeérature and ventilation controls are accessible to the: flight crew.

The exposure time “at 2 any given temperature must not exceed the values shown in the following graph after any
improbable failure condition. e
175
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[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-41, 42 FR 36970, July 18, 1977; Amdt. 25-87, 61 FR
28695, June 5, 1996; Amdt. 25-89, 61 FR 63956, Dec. 2, 1996]

FAR 25.975 Fuel tank vents and carburetor vapor vents.

(a)

®

Fiiel fank venfs, Each fuel tank must be vented from the top part of the expansion space so that venting is effective under
any normal flight condition. In addition -
(1) Each vent must be arranged to avoid stoppage by dirt or ice formation;
(2) The vent arrangement must prevent siphoning of fuel during normal operation;
(3) The venting capacity and vent pressure levels must maintain acceptable differences of pressure between the interior
and exterior of the tank, during -
(i)  Normal flight operation;
(i) Maximum rate of ascent and descent; and
(iii) Refueling and defueling (where applicable);
(4) Airspaces of tanks with interconnected outlets must be interconnected;
(5) There may be no point in any vent line where moisture can accumulate with the airplane in the ground attitude or
the level ﬂlght attitude, unless drainage is provided; and
(6 No ventor drainags provision may endataity point +
ere th dlscharge of fuel from the vent outlet would constitute a fire hazard; or
“Frony'which fanies could enter personnel compartments;
Carburetor vapor vents. Each carburetor with vapor elimination connections must have a vent line to lead vapors back to
one of the fuel tanks. In addition -
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(1) Each vent system must have means to avoid stoppage by ice; and
(2) If there is more than one fuel tank, and it is necessary to use the tanks in a definite sequence, each vapor vent return
line must lead back to the fuel tank used for takeoff and landing.

FAR 25.1091 Air induction.

@)

(b)
©

@

The air induction system for each engine and auxiliary power unit must supply -

(1) The air required by that engine and auxiliary power unit under each operating condition for which certification is
requested; and

(2) The air for proper fuel metering and mixture distribution with the induction system valves in any position.

Fach reciprocating engine must have an alternate air source that prevents the entry of rain, ice, or any other foreign

matter.

Air intakes may not open within the cowling, unless -

(1) That part of the cowling is isolated from the engine accessory section by means of a fireproof diaphragm; or

(2) For reciprocating engines, there are means to prevent the emergence of backfire flames.

For turbine engine powered airplanes and airplanes incorporating auxiliary power units -

(1) There must be means to prevent hazardous quantities of fuel leakage or overflow from drains, vents, or other
components of flammable fluid systems from entering the engine or auxiliary power unit intake system; and

(2) The airplane must be designed to prevent water or slush on the runway, taxiway, or other airport operating surfaces
from being directed into the engine or auxiliary power unit air inlet ducts in hazardous quantities, and the air inlet
ducts must be located or protected so as to minimize the ingestion of foreign matter during takeoff, landing, and
taxiing.

If the engine induction system contains parts or components that could be damaged by foreign objects entering the air

inlet, it must be shown by tests or, if appropriate, by analysis that the induction system design can withstand the foreign

object ingestion test conditions of § 33.77 of this chapter without failure of parts or components that could create a

hazard.

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-38, 41 FR 55467, Dec. 20, 1976; Amdt. 25-40, 42 FR
15043, Mar. 17, 1977; Amdt. 25-57, 49 FR 6849, Feb. 23, 1984]

FAR 25.1121 General.
For powerplant and auxiliary power unit installations the following apply:

®

(b)

)

@
(e)
®
(8

Each exhaust system must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination
in any personnél coipartment. For test purposes, any acceptable carbon monoxide detection method may be used to
show the absence of°carbon monoxide.

Each exhaust system part with a surface hot enough to ignite flammable fluids or vapors must be located or shielded so
that leakage from any system carrying flammable fluids or vapors will not result in a fire caused by impingement of the
fluids or vapors on any part of the exhaust system including shields for the exhaust system.

Each component that hot exhaust gases could strike, or that could be subjected to high temperatures from exhaust system
parts, must be fireproof. All exhaust system components must be separated by fireproof shields from adjacent parts of
the airplane that are outside the engine and auxiliary power unit compartments.

No exhaust gases may discharge so as to cause a fire hazard with respect to any flammable fluid vent or drain.

No exhaust gases may discharge where they will cause a glare seriously affecting pilot vision at night.

Each exhaust system component must be ventilated to prevent points of excessively high temperature.

Each exhaust shroud must be ventilated or insulated to avoid, during normal operation, a temperature high enough to
ignite any flammable fluids or vapors external to the shroud.

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-40, 42 FR 15043, Mar. 17, 1977}

FAR 25.1125 Exhaust heat exchangers.
For reciprocating engine powertd airplanes, the following apply:

(a)

Each exhaust heat exchanger must be constructed and installed to withstand each vibration, inertia, and other load to

which it would be subjected in operation. In addition -

(1) Each exchanger must be suitable for continued operation at high temperatures and resistant to corrosion from
exhaust gases;

(2) There must be means for the inspection of the critical parts of each exchanger;
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(3) Each exchanger must have cooling provisions wherever it is subject to contact with exhaust gases; and

(4) No exhaust heat exchanger or muff may have any stagnant areas or liquid traps that would increase the probability
of ignition of flammable fluids or vapors that might be present in case of the failure or malfunction of components

] carrying flammable fluids.
(b) Ifan exhausthear exchanger is used for heating ventilating air -

(1) There must be 4 secondary heat exchanger between the primary exhaust gas heat exchanger and the ventilating air
systein; or

{2) Other means must be used to prectude the harmful contamination of the ventilating air,

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-38, 41 FR 55467, Dec. 20, 1976]

FAR 25.1197 Fire extinguishing agents.

(a) Fire extinguishing agents must -

(1) Be capable of extinguishing flames emanating from any burning of fluids or other combustible materials in the area
protected by the fire extinguishing system; and

(2) Have therma! stability over the temperature range likely to be experienced in the compariment in which they are
stored.

{b) If any toxit extirguishing agent is used, provisions must be made to prevent harmful concentrations of fluid or fluid
vapors (from leakage during riormal operation of the airplene or as a result of discharging the fire extinguisher on the
ground or in flight) from entering any personnel compartment, even though a defect may exist in the éxtinguishing
system. This must be shown by test except for built-in carbon dioxide fuselage compartment fire extinguishing systems
for'which -

(1) Five pounds ‘or less of carbon dioxide will be discharged, under established fire control procedures, into any
fuselage compariment; or.
(2) There is protective breathing equipment for each flight crewmember on flight deck duty.

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-38, 41 FR 55467, Dec. 20, 1976; Amdt. 25-40, 42 FR
15044, Mar. 17, 1977]

FAR 135, Appendix A--Additional Airworthiness Standards for 10 or More Passenger Airplanes

49, Turbine engine bleed air systems. Turbitie engine bleed air systems of turbopropeller powered airplanes must be
investigatéd to determine-
(a) That no hazard to the airplane will result if a duct rupture occurs. This condition must consider that a failure of the
duct can occur anywhere between the engine port and the airplane bleed service; and
{b) That, if the bleed aif system is used for direct cabin pressurization, it is not possible for hazardous contamination of
the cabin air system o occur in event of lubrication system failure,

JAR's

JAR 23.831 Ventilation.

(a) Eachpassenger and crew compartment must be suitably ventilated. Carbon monoxide concentration may not exceed one
part in 20 000 parts of air,

(b) For pressurised aeroplanes, the ventilating air in the flight crew and passenger compartments must be free of harmful or
hazardous.coricentrations of gases and vapours.in normal operations and in the event. of reasonably probable failures or
inalfunctioning of the ventilating, heating, préssurisation, or other systems and equipment. If accumulation of hazardous
quantities of smoke:in the-cockpit area is reasonably probable, smoke:evacuation must be readily accomplished starting
with full pressurisation and without depressurising beyond safe limits.

JAR 23.975 Fuel Tank Vents and Carburetor Vapour Vents.

(a) Each fuel tank must be vented from the top part of the expansion space. In addition -
(1) Each vent outlet must be located and constructed in a manner that minimises the possibility of its being obstructed
by ice or other foreign matter;
(2) Each vent must be constructed to prevent siphoning of fuel during normal operation;
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(3) The venting capacity must allow the rapid relief of excessive differences of pressure between the interior and
exterior of the tank;

(4) Airspaces of tanks with inter-connected outlets must be inter-connected;

(5) There may be no points in any vent line where moisture can accumulate with the aeroplane in either the ground or
level flight attitudes unless drainage is provided.

(6) No vent may terminate at a point. where the discharge of fuel from the vent outlet will constitute a fire hazard or
from which fumes may enter personnel compartments; and

(7) Vents must be arranged to prevent the loss of fuel, except fuel discharged because of thermal expansion, when the
aeroplane is parked in any direction on a ramp having a 1% slope.

(b) Each carburettor with vapour elimination connections and each fuel injection engine employing vapour return provisions
must have a separate vent line to lead vapours back to the top of one of the fuel tanks. If there is more than one tank and
it is necessary to use these tanks in a definite sequence for any reason, the vapour vent line must lead back to the fuel
tank to be used first, unless the relative capacities of the tanks are such that return to another tank is preferable.

(c) For aerobatic category aeroplanes, excessive loss of fuel during aerobatic manoeuvres, including short periods of
inverted flight, must be prevented. It must be impossible for fuel to siphon from the vent when normal flight has been
resumed after any aerobatic manoeuvre for which certification is requested.

JAR 23.1091 Air Induction System.

(a) The air induction system for each engine and auxiliary power unit and their accessories must supply the air required by
that engine and auxiliary power unit under the operating conditions for which certification is requested.
(b) Each reciprocating engine installation must have at least two separate air intake sources and must meet the following

(1) Primary air intakes may open within the cowling if that part of the cowling is isolated from the engine accessory
section by a fire-resistant diaphragm or if there are means to prevent the emergence of backfire flames.

(2) Each alternate air intake must be located in a sheltered position and may not open within the cowling if the
emergence of backfire times will result in a hazard.

(3) The supplying of air to the engine through the alternate air intake system may not result in a loss of excessive power
in addition to the power loss due to the rise in air temperature.

(4) Each automatic alternate air door must have an override means accessible to the flight crew.

(5) Each automatic alternate air door must have a means to indicate to the flight crew when it is not closed.

(¢} For turbine engine:powered aeroplanes -

(1) There must be means to prevent hazardous quantities of fuel leakage or overflow from drains, vents or other
components of flammable fluid systems from, entering the engine or auxiliary power unit and their accessories
intake system; and

(2) The aeroplane must be designed to prevent water or slush on the runway, taxi way, or other airport operating
surfaces from being directed into the engine or auxiliary power unit air intake ducts in hazardous quantities, and the
air intake ducts must be located or protected so as to minimise the ingestion of foreign matter during take-off,
landing and taxying.

JAR 23.1109 Turbocharger Bleed Air System.

The following applies to turbocharged bleed air systems used for cabin pressurisation:
(a) The cabin air system may not be-subject to hazardous contamination following any probable failure of the turbocharger
or its lubrication system.
(b) The turbocharger supply air must be taken from a source where it cannot be contaminated by harmful or hazardous gases
or vapours following any probable failure or malfunction of the engine exhaust, hydraulic, fuel, or oil system.

JAR 23.1111 Turbine engine bleed air system

For turbine engine bleed air systems, the following apply:
(a) No hazard may result if duct rupture or failure occurs anywhere between the engine port and the aeroplane unit served
by the bleed air.
(b) The effect on aeroplane and engine performance of using maximum bleed air must be established.
(c) Hazardous.contamination of cabin air systems may not result from failiires of the engine lubricating system.

JAR 23.1121 General,
For powerplant and suxiliary power unit installations, the following apply:
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(a) Each exhanst systém must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination

®)

©
@
(®
®
(8)
(h)

)

in any personnél compartment,

Each exhaust system part with a surface hot enough to ignit: flammable fluids or vapours must be located or shielded so
that leakage from any system carrying flammable fluids or vapours will not result in a fire caused by impingement of the
fluids or vapours on any part of the exhaust system including shields for the exhaust system.

Each exhaust system must be separated by fireproof shields from adjacent flammable parts of the aeroplane that are
outside of the engine and auxiliary power unit compartment,

No exhaust gases may discharge dangerously near any fuel or oil system drain.

No exhaust gases may be discharged where they will cause a glare seriously affecting pilot vision at night.

Each exhaust system component must be ventilated to prevent points of excessively high temperature

If significant traps exist, each turbine engine and auxiliary power unit exhaust system must have drains discharging clear
of the aeroplane, in any normal ground and flight attitude, to prevent fuel accumulation after the failure of an attempted
engine or auxiliary power unit start.

Each exhaust heat exchanger must incorporate means to prevent blockage of the exhaust port after any internal heat
exchanger failure.

For the purposes of compliance with JAR 23.603 the failure of any part of the exhaust system will adversely affect
safety.

JAR 23.1125 Exhaust Heat Exchangers.
For reciprocating engine-powered acroplanes the following apply:

@

®

Each exhaust heat exchanger must be constructed and installed to withstand the vibration, inertia and other loads that it

may be subjected to in normal operation, In addition -

(1) Each exchanger must be suitable for continued operation at high temperatures and resistant to cotrosion from
exhaust gases;

(2) There must be means for inspection of critical parts of each exchanger; and

(3) Each exchanger must have cooling provisions wherever it is subject to contact with exhaust gases.

Each heat exchanger used for heating ventilating air must be constructed so that exhaust gases may not enter the

ventilating air.

JAR 23.1197 Fire Extinguishing Agents,
For commutet category aeroplanes, the following apply:

(@)

)

Fire extinguishing agents must -

(1) Be capable of extinguishing flames emanating from any burning fluids or other combustible materials in the area
protected by the fire extinguishing system; and

(2) Have thermal stability over the temperature range likely to be experienced in the compartment in which they are
stored.

If any toxic extinguishing agent is used, provisions must be made to prevent harmful concentrations of fluid or fluid

vapours (from leakage during normal operation of the aeroplane or as a result of discharging the fire extinguisher on the

ground or in flight) from entering any personnel compartment even though a defect may exist in the extinguishing

systeim. This must be-shown by test except for built-in carbon dioxide fuselage compartment fire extinguishing systems

for which -

(1) Five pounds or less of carbon. dioxide will be discharged, under established fire control procedures, into any
fuselage conipartment; or

(2) Protective breathing equipment is available for each flight crew member on flight deck duty.

JAR 25.831 Ventilation

@

®)

Each passenger and crew compartment must be ventilated and each crew compartment must have enough. fresh. air (but

not less than 10 cubic ft per minute per crew member) to enable crew members to perform their duties without undue

discomfort or fatigue. (See ACY25.831 (a).)

Crew and passenger compartment air must be free from harmfisl or hazardous concentrations of gases or vapours. In

meeting this réquirement, the following apply: ‘

(1) Carbon monoxide concentrations in-excess of one part in. 20 000 parts of air are considered hazardous. For test
purposes, any acceptable ¢arbon moroxide detection method may be used.
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{2) Carbon dioxide in excess of 3% by volume. (sea-level equivalent) is considered hazardous in the case of crew
members. Higher concentrations of carbon dioxide may be allowed in crew compartments if appropriate protective
breathing eqmpment is available,

() There-must be-provisions made to-ensufe that the conditions prescribed in sub-paragraph (b) of this paragraph are met
after reasonably probable failures or malfinctioning of the ventilating, heating, pressurisation or other systems and
equipment. (See ACY 25:831 (c).)

(d) If accumulation.of hazardons quantities of smoke in the cockpit area is reasonably probable, smoke evacuation must be
readily accomplished, starting with full pressurisation and without depressurising beyond safe limits.

(e) Except as provided in: sub-paragraph (f). of this paragraph, means must be provided to enable the occupants of the
followinig compartients and areas to conirol the temperature and quantity of ventilating air supplied to their
compartment or.area independéntly of the temperature and quantity of air supplied to other compartments and areas:

(1) The flight-crew compartment,

(2) Crew-member compartments and areas other than the flight-crew compartment unless the crew-member
compartment or area is ventilated by air interchange with other compartments or areas under all operating
conditions.

(f) Means.to enable the flight crew to control the temperature and quantity of venulatmg air supplied to the flight-crew
compartment independently of the temperature and quantity of ventilating air supplied to other compartments are not
required if all of the. following ¢onditions are met:

(1)- The total volume of the: ﬂlght-crew -and passenger compartments is 800 cubic fi or less.

(2) The air inlets: and. .passages. for air to flow between. flight-crew and passenger compamnents are arrange to provide
compartment temperatures within 5°F of each other and adequate ventilation to-occupants in both compartments.

(3) The temperature and ventilation controls are accessible-to the flight.crew.

ACJ 25.831(a) - Ventilation (Interpretative Material)

See JAR 25.831(a)

The supply of fresh air in the event of the loss. of one source, should not be less than 0.4 Ib/min per person for any period
exceeding five minutes. However, reductions.below this flow rate may be accepted provided that the compartment environment
can be maintained at a level which is not hazardous to the occupant.

ACJ 25.831(c) - Ventilation (Interpretative Material)

See JAR 25.831(c)
1 To avoid contamination the fresh air supply should be suitably ducted where it passes through any compartment
inaccessible in flight,
2. Where the air supply is supplemented by a recirculating: system, it should be possible to stop the recirculating system
and-

a. Still maintain the fresh air supply prescribed, and
b. Stillachieve L.

JAR 25.975 Fuel tank vents

(a) Fueltank vents. Each fuel tank must be vented from the top part of the expansion space so that venting is effective under
any normal flight condition. In addition --
(1) Each vent must be arranged to avoid stoppage by dirt or ice formation;
(2) The vent arrangement must prevent siphoning of fuel during normal operation;
(3) The venting capacity and vent pressure levels must maintain acceptable differences of pressure between the interior
and exterior of the tank during--
(i)  Normal flight operation;
(ii) Maximum rate of ascent and descent; and
(iii) Refuelling and defuelling (where applicable);
(4) Airspaces of tanks with interconnected outlets must be interconnected;
(5) There must be no point in any vent line where moisture can accumulate with the aeroplane in the ground attitude or
the level flight attitude, unless drainage is provided; and
(6) No vent or dininage provision may end at any point --
(i)  Where the discharge of fuel from the vent outlet would constitute a fire hazard; or
(i) From which fumes:could enter personnel compartments,
(b) Not requlred for JAR-25.
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JAR 25.1091 Air Intake

(a) The air intake system for each engine must supply --

(1) The air required by that engine under each operating condition for which certification is requested; and
(2) The air for proper fuel metering and mixture distribution with the air intake system valves in any position

(b) Not required for JAR-25.

(¢) Air intakes may not open within the cowling, unless that part of the cowling is isolated from the engine accessory
section by means of a fireproof diaphragm.

@@ There must be means to prevent hazardous quantities of fuel leakage or overflow from drains, vents, or other
components. of flammable fluid systems from entering the engine air intake system; and
(2) The aeroplane must be design to prevent water or slush on the runway, taxiway, or other airport operating surfaces

from being directed into the engine air intake ducts in hazardous quantities, and the air intake ducts must be located
or protected so as to minimise the ingestion of foreign matter during take-off, landing and taxying. (See
ACJ25.1091 (d)(2).)

(e) If the engine air intake system contains parts or components that could be damaged by foreign objects entering the air
intake, it must be shown by tests or, if appropriate, by analysis that the air intake system design can withstand the foreign
object ingestion test conditions of JAR-E 790 and JAR-E 800 without failure of parts or components that could create a
hazard. (See ACJ25.1091(¢).)

JAR 25.1121 General (Exhaust System)

For powerplant installations the following apply:

(8) Each exhsust sysfern must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination
in any personnel compartment. For test. purposes, any acceptable carbon monoxide detection method may be used to
show the.absence of carbon monoxide. (See ACJ 25.1121(2).)

(b) Each exhaust system part with a surface hot enough to ignite flammable fluids or vapours must be located or shielded so
that leakage from any system carrying flammable fluids or vapours will not result in a fire caused by impingement of the
fluids or vapours on any part of the exhaust system including shields for the exhaust system. (See ACJ 25.1121(b).)

(c) Each component that hot exhaust gases could strike, or that could be subjected to high temperatures from exhaust system
parts, must be fireproof. All exhaust system components must be separated by fireproof shields from adjacent parts of
the aeroplane that are outside the engine compartment.

(d) No exhaust gases may discharge so as to cause a fire hazard with respect to any flammable fluid vent or drain.

(e) No exhaust gases may discharge where they will cause a glare seriously affecting pilot vision at night.

(f) Each exhaust system component must be ventilated to prevent points of excessively high temperature.

(g) Each exhaust shroud must be ventilated or insulated to avoid, during normal operation, a temperature high enough to
ignite any flammable fluids or vapours external to the shroud.

JAR 25,1125 Exhaust heat exchangers

The following apply:
(a) Each exhaust heat exchanger must be constructed and installed to withstand each vibration, inertia, and other load to
which it would be subjected in operation. In addition--
(1) Each exchanger must be suitable for continued operation at high temperatures and resistant to corrosion from
exhaust gases;
(2) There must be means for the inspection of the critical parts of each exchanger;
(3) Each exchanger must have cooling provisions wherever it is subject to contact with exhaust gases (see ACJ 25.1125
(2)(3)); and
(4) No exhaust heat exchanger or muff may have any stagnant areas or liquid traps that would increase the probability
of ignition of flammable fluids or vapours that might be present in case of the failure or malfunction of components
carrying flammable fluids,
(b) If an exhaustieat exchanget is used for heating ventilating air--
(1) There.must be.a secondary heat exchanger between the primary exhaust gas heat exchanger and the ventilating air
system; or
(2) Other means must be used to preclude the harmful contamination of the ventilating air.
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JAR 25.1197 Fire-extinguishing agents

(@)

(b)

Fire-extinguishing agents must-~

(1) Be capable of extinguishing flames emanating from any burning of fluids or other combustible materials in the area
protected by the fire extinguishing system; and

(2) Have thermal stability over the temperature range likely to be experienced in the compartment in which they are
stored.

If any toxic extinguishing agent is used, provisions must be made to prevent harmful concentrations of fluid or fluid

vapours.(fromJeakage during normal operation of the aeroplane.or asa result of discharging the fire extinguisher on the

ground or in flight). from entering any personnel compartment, even though a defect may exist in. the extinguishing

system, This must be shown by test.except for built-in carbon dioxide fuselage compartment fire extinguishing systems

for which-

(1) Five pounds or less of carbon dioxide will be discharged, under established fire control procedures, into any
fuselage compartment; or

(2) There is protective breathing equipment for each flight-crew member on flight deck duty.

JAR 25A1121 General (Exhaust System- APU)

(®)

(®)
©

(C)]
(e)
®
(8)

Each éxhaust system must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination
in any personnel compartment. For test purposes, any acceptable carbon monoxide detection method may be used to
show the absence of carbon monoxide.

Unless suitable precautions are taken, no exhaust system part may be dangerously close to parts of any system carrying
flammable fluids or vapours, or under parts of such a system that may leak.

Each component that hot exhaust gases could strike, or that could be subjected to high temperatures from exhaust system
parts, must be fire-proof. All exhaust system components must be separated by fireproof shields from adjacent parts of
the aeroplane that are outside the APU compartment.

No exhaust gases may discharge so as to cause a fire hazard with respect to any flammable fluid vent or drain.

No exhaust gases may discharge where they will cause a glare seriously affecting pilot vision at night.

Each exhaust system component must be ventilated to prevent points of excessively high temperature.

Each exhaust shroud must be ventilated or insulated to avoid, during normal operation, a temperature high enough to
ignite any flammable fluids or vapours external to the shroud.

JAR 25A1197 Fire extinguishing agents (APU)

(a)

®)

Fire extinguishing agents must --

(1) Be capable of extinguishing flames emanating from any burning of fluids or other combustible materials in the area
protected by the fire extinguishing system; and

(2) Have thermal stability over the temperature range likely to be experienced in the compartment in which they are
stored.

If any toxic extinguishing agent is used, provisions must be mads to prevent harmful concentrations of fluid or fluid

vapours.(from. leakage: during normal.operation of the aeroplane or as-a result of discharging the fire extinguisher on the

ground: or in flight) from entering any personnel compartment, even though a defect may exist in the extinguishing

system. Thi$ must be shown by test except for built-in carbon dioxide fuselage compartment fire extinguishing systems

for which -~

(1) Five pounds. or less of carbon dioxide will be discharged, under established fire control procedures, into any
fuselagé compartment; or

(2) There is protective breathing equipment for each flight-crew member on flight deck duty.

JAR E690 Engine Bleed

(a)

For an Engine having bleed(s) for aircraft and/or Engine uses, the standard Engine Endurance Test schedule shall be
varied in accordance with this paragraph JAR-E 690(a) unless the use of the bleed(s) is substantiated by separate test and
analysis acceptable to the Authority.
(1) General
(i)  Exercise the bleed controls at the end of each stage of the Endurance Test.
(i) Complete any other tests which may be necessary to demonstrate the satisfactory functioning of the Engine
and the bleeds.
(iii) During the tests of (3) below the Engine rotational speed(s) may be reduced if necessary when the bleeds are
in operation in order to avoid exceeding the maximum declared jet pipe temperatures. (See JAR-E 740(£)(2).)
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(2) Calibration Tests. Include a calibration with each bleed in operation separately and one with all bleeds in operation
(See JAR-E 730 and JAR-E 170.)

(3) Endurance Test. Run Stages 3, 7, 13, 17 and 23 with the bleed(s) in operation during all the conditions of running
for which L they are intended to be approved for use.

(b) Contamination Tests of ‘Bleed Air for Cabin Pressurisation or Ventilation. The requirements of this paragraph (b) are
applicable: where it is desired to. declare _that compressor bleed air ig suitable for direct use in an aircraft cabin
pressurisation ot ventilation system
(1) Testsip determine the purity of the-air supply shall be made,

(2) An analysis of defosts. which could affect the. purity. of the bleed air shall be prepared and where: necessary the
defects" shall bé simulated and tests, as agreed by the Authority, shall be made to establish the degree of
contamination which is likely to-occuy. If the defect unider-consideration is such that the Engine would be.shut down
immediately, the fests required may be modified accordingly.

Advisory Circulars

AC23.909-1 Installation of Turbochargers in Small Airplanes with Reciprocating Engines

6D A turbocharger that pressurizes an airpfane cabin should be investigated to substantiate that contamination-of
cabin-air-will not occur. Any contamination of cabin air from a failure of any component(s) of the turbocharger system
should'be-avoided;

AC33-2B Aircraft Engine Type Certification Handbook

Section 33.5 Instruction manual for installing and operating the engine.

Each applicant must prepare and make available to the Administrator prior to the issuance of the type certificate, and to the owner
at the time of delivery of the engine, approved instructions for installing and operating the engine. The instructions must include
at least the following:

(a) Installation instructions.

(1) The location of engine mounting attachments, the method of attaching the engine to the aircraft, and the maximum
allowable load for the mounting attachments and related structure.
(2) The location and description of engine connections to be attached to accessories, pipes, wires, cables, ducts, and
cowling,
(3) An outline drawing of the engine including overall dimensions.
(b) Operation Instructions.
(1) The operating limitations established by the Administrator.
(2) The power or thrust ratings and procedures for correcting for nonstandard atmosphere.
(3) The recommended procedures, under normal and extreme ambient conditions for--
()  Starting;
(i)  Operating on the ground; and
(iii) Operating during flight.
Rk
Guidance: The INTENT of this section is to assure that the engine installation and operating instructions are approved by the time
the type certificate for the engine is issued.
Incorporations: None.
References: SAE Document ARP 1507, "Helicopter Engine/Airframe Interface Document and Checklist," issued September
1985. This reference offers further guidance on the types and formats of engine installations and operations information.
Although this document is oriented to helicopter (turboshaft) engines, it may be useful as additional general guidance to authors
of installation and operating instruction manuals.

a. The installation and operating instructions should incorporate all relevant and complete information on the
characteristics, performance, and physical interfaces of the engine. A type certificated engine may include some external
lines, equipment mountings, diaphragms, or firewalls which do not meet all certification requirements of some
installations. Added line shrouding, relocation of fluid lines, or other changes constitute engine type design changes
which may be required for the aircraft installation. Such FAA-approved changes are accomplished preferably by the
engine type certificate holder, as approval based on engine compatibility and endurance qualification is usually
necessary. However, upon achieving satisfactory coordination with the engine type certificate holder, accomplishment of
such changes by the aircraft applicant is often acceptable as an alternative.
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b. The engine type certificate holder or applicant may elect to incorporate items of equipment or accessories which are
oftentimes handled as part of the aircraft installation responsibility. Examples of such items are engine mounted oiltanks,
oil coolers, fuel heaters, generators, thrust reversers, inlet and exhaust nozzles, and various fluid pumps.

(1) When the engine manufacturer elects to furnish such accessories, it is basically implied that he will substantiate
them for engine compatibility, and be responsible for dealing with service difficulties.

(2) If the engine type certificate holder elects to establish aircraft installation compliance, he should develop and
provide the necessary installation data in accordance with applicable aircraft requirements.

(3) If the engine type certification effort incorporates findings of compliance for aircraft installation items (i e, to FAR
Part 23, 25, 27, or 29 requirements) then such should be identified on the engine TCDS.

¢. The engine instaflation instructions should incorporate information on the means of limiting, and on the quality of
engine corupressor bleed air available for airframe use. Design bleed air quality, limit(s), and the means of limiting
should be verified by the failure modes and effects analysis and by testing, as appropriate. An example of the need for
such informatio is seen in the certification of FAR Part 23 turbine powered aircraft: Turbine engine bleed air systems of
turbine poweéred airplanes must be investigated to determine that, if the bleed air system is used for direct cabin
pressurization, it is not possible for hazardous contamination of the cabin air system to occur in the event of lubrication
system failvre,

d. The engine installation instructions should incorporate statements of instrumentation types, ranges, required precision,
and accuracies for those engine parameters required for safe operation. These statements should be based upon the
applicant-selected ratings for the specific engine design, as verified and substantiated throughout the type certification
process, particularly the block tests.

AC23-XX-29 (Draft) Systems and Equipment Guide for Certification of Part 23 Airplanes

Section 23.831 Ventilation

Original Issue and Subsequent

The use of an alternate air supply, either automatic or manual, that picks up air from within the engine compartment is
unacceptable for-cabin ventilation because of possible contamination. from fuel, oil or exhaust leaks,

Halon 1301 may be safely-used in concentrations up-to- 10 percent in airplane cabins. Veatilation in airplane cabins is sufficient
for the agent to disburse in fess than: 5 minutes, so the time limit need not be considered if the concentration is held below the
10 percent limit. Halon 1211, however, should not be used in airplane cabins.

Amendment 23-34 and:Subsequent

If hazardous accumulations of smoke are found to be reasonably probable in the cockpit area, smoke evacuation to a
non-hazardous level should be teadily accomplished from full pressurization to minimum safe levels (per § 91.211). Smoke
evacuation procedurés should be included in the Airplane Flight Manual, Emergency Operations Section, or on approved
placards,

AC25-XX (Draft) Transport Airplane Propulsion Engine and Auxiliary Power Unit Installation
Certification Handbook

Section 25.1121 General.

a. Rule Text.

For powerplant and auxiliary power unit installations the following apply:

(a) Each exhaust system must ensure safe disposal of exhaust gases without fire hazard or carbon monoxide contamination
in any personnel compartment. For test purposes, any acceptable carbon monoxide detection method may be used to
show the absence of carbon monoxide.

(b) Each exhaust system part with a surface hot enough to ignite flammable fluids or vapors must be located or shielded so
that leakage from any system carrying flammable fluids or vapors will not result in a fire caused by impingement of the
fluids or vapors on any part of the exhaust system including shields for the exhaust system.

(c) Each component that hot exhaust gases could strike, or that could be subjected to high temperatures from exhaust system
parts, must be fireproof. All exhaust system components must be separated by fireproof shields from adjacent parts of
the airplane that are outside the engine and auxiliary power unit compartments.

(d) No exhaust gases may discharge so as to cause a fire hazard with respect to any flammable fluid vent or drain.

(e) No exhaust gases may discharge where they will cause a glare seriously affecting pilot vision at night.
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(8)

Each exhaust system component must be ventilated to prevent points of excessively high temperature.
Each exhaust shroud must be ventilated or insulated to avoid, during normal operation, a temperature high enough to
ignite any flammable fluids or vapors external to the shroud.

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-40, 42 FR 15043, Mar. 17, 1977]

b. Intent of Rule,
The intent of this rule is to ensure adequate fire protection of the exhaust system as well as the adjacent areas of the airplane

¢. Background.

M

@

The regulatory history shows that the requirement originated from Section 467(a) of the Civil Air Regulations (CAR)
4b, December 31, 1953. Amendment 25-AD (29 FR 18289, December 24, 1964) added Part 25 [New] to the Federal
Aviation Regulations and replaced Part 4b of the Civil Air Regulations. It was part of the Agency recodification program
announced in Draft Release 61-25, published in the Federal Register on November 15, 1961 (26 FR 10698). Part 25
[New] was published as a notice of proposed rule making in the Federal Register on June 2, 1964 (29 FR 7169), and
given further distribution as Notice No. 64-28. It was recodified from CAR 4b without any substantive changes.
Amendment 25-40 (42 FR 15034, March 17, 1977) was based on two Notices of Proposed Rulemaking:

e Notice 75-10 (40 FR 10802, March 7, 1975) and

¢ Notice 75-19 (40 FR 21866, May 19, 1975).

Notice 75-19 proposed to revise both § 25.1121 and § 23.1121. The lead-in text to the provisions of § 25.1121 and
§ 25.1121(c) were revised to include reference to the Auxiliary Power Unit (APU), to make it clear that the subject
requirements apply to APU exhaust systems as well as to engine exhaust systems. Likewise, § 25.1121(b) was revised to
clarify that the shields used for shielding exhaust system parts are, indeed, considered part of the exhaust system:.

d. Policy/Compliance Methods.

1)

@

The f‘ollowmg excerpt from CAR 4b.467-1 provides guidance. The carbon monoxide detection. policies, which have

been applied to-§ 25. 1121(@) and § 25.1125(b), are as follows:

(a) Conditions for tests, Any acceptable carbon monoxide detection method may be used in demonstrating compliance
with the above sections. The:tests should be conducted with the airplane's heater system in operation if there is any
possibility of a systém containing carbon monoxide. In aircraft employing thermal deicing, tests should be
conducted with:the systém operating at full capacity.

(b) Cenfiguration. Catbonmonoxide tests should be conductéd in the configurations that follow:

(1) Powei-onlevelflight.
® . Woeight--optional
C.G. position--optional
. Wing flaps—retracted
Landing gear-retracted
Engines--maximum continzous power
Cowl flaps-—-appropriate for flight condition
03] owet-oﬁ' glide,
* - Wing flaps--retracted
s Landing gear--retracted
+ . Engincs--idling
o' Cowl flaps--appropriate for flight condition

3) Power approach:

.

.

@

»

oY 5 e ee

ng flaps--approach position
Landing gear—extended
. Engm&s--powcr for level flight
Cowl flaps:-appropriate for flight condition
Axrspeed»-anyspeedﬁ‘om 14t 1.6 Vsl
(c) Test: proqedure ‘and required data. The air should be sampled with a carbon monoxide indicator in front of cabin
heatér opemng(s) with heat on and at repmentauve passenger and crew locations. If the airplane does not have
pressufization equipment installed, the air should be sampied at the above locations with the windows. closed and
algo-partially opened, If the airplane is equipped for pressurization, carbon monoxide indications:should be taken
iwhen tlie cabin is préssurized and also uripressurized.
Use of Shields. Concerns with § 25.1121(b) have been raised concerning the location and shielding of exhaust system
parts because of the lack of specifics on how to determine whether the location of a system carrying flammable fluid is
acceptable. The rule specifically allows the use of exhaust system shielding as a method of avoiding impingement of

1
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flammable fluids on a hot surface. It is not intended to state how an acceptable location would be determined since a
number of acceptable methods might exist depending on the installation. Flammable fluid leak sources to be considered
are those around fittings as well as those caused by rupture of a fluid carrying line, i.e,, any leakage from a flammable
fluid system including lines, fittings, and joints,
(3) Windshield Glare. The following guidance is from CAR 4b.467-2:
Determination of exhaust gas interference with visibility.
The effects of exhaust gas interference with visibility should be observed during tests to demonstrate other night
flying requirements.

¢. Refere nces:

(1) Civil Air Regulations (CAR) 4b, December 31, 1953,
(2) Amendment 25-AD (29 FR 18289, December 24, 1964).
(3) Amendment 25-40 (42 FR 15034, March 17, 1977).

Section 25.1125 Exhaust heat exchangers.

a. Rule Text:

For reciprocating engine powered airplanes, the following apply:
(a) Each exhaust heat exchanger must be constructed and installed to withstand each vibration, inertia, and other load to
which it would be subjected in operation. In addition -
(1) Each exchanger must be suitable for continued operation at high temperatures and resistant to corrosion from
exhaust gases;
(2) There must be means for the inspection of the critical parts of each exchanger;
(3) Each exchanger must have cooling provisions wherever it is subject to contact with exhaust gases; and
(4) No exhaust heat exchanger or muff may have any stagnant areas or liquid traps that would increase the probability
of ignition of flammable fluids or vapors that might be present in case of the failure or malfunction of components
carrying flammable fluids.
(b) Ifan exhaust heat exchanger is used for heating ventilating air -
(1). There must be a secondary heat exchanger between the primary exhaust gas heat exchanger and the ventilating air
system; or
(2) Other means must be used to preciude the harmful contamination of the ventilating air.

[Doc. No. 5066, 29 FR 18291, Dec. 24, 1964, as amended by Amdt. 25-38, 41 FR 55467, Dec. 20, 1976]

b. Intent of Rule.
The intent of this rule is self-evident.

¢. Background.

(1) The regulatory history shows that this requirement originated from section 4b.467(c) of the Civil Air Regulations (CAR)
4b, December 31, 1953. Amendment 25-AD was published in the Federal Register on December 24, 1964 (29 FR
18289), which added Part 25 [New] to the Federal Aviation Regulations and replaced Part 4b of the Civil Air
Regulations. It was part of the Agency recodification program announced in Draft Release 61-25, published in the
Federal Register on November 15, 1961 (26 FR 10698). Part 25 [New] was published as a notice of proposed rule
making in the Federal Register on June 2, 1964 (29 FR 7169), and given further distribution as Notice No. 64-28. It was
recodified from CAR 4b.467(c) without any substantive changes.

(2) Amendment 25-38 (41 FR 55454, December 20, 1976) revised the lead-in text to make it clear that this section applies
only to reciprocating engine powered airplanes. While some early turbine-powered airplanes have had an ejector
installation in the exhaust system to pull cooling air through the nacelle, this type of installation is not considered to be
an exhaust heat exchanger and, therefore, turbine engine installations would not require compliance with this section
based on the intent of the rule.

d. Policy/Compliance Methods.

The following is an excerpt from the guidance material contained in Advisory Circular (AC) 29-2B, “Certification of Transport
Category Rotorcraft.” (Although that AC provides guidance for transport rotorcraft, it may also provide insight into acceptable
compliance methodology useful for other category aircraft.)
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Exhaust Heat Exchangers:
Exhaust Heat Exchangers (EHE) and their installations are typically certified by analysis and installation tests conducted during
the basic certification process, including flight tests or simulated flight tests, as follows:

@

(b

~

(©

(@

(®

®

€)]

®)

Because of their durability in the hot exhaust environment, EHE's are usually constructed from stainless steel or alloy
steel of the appropriate structurally and thermally derived wall thickness. The EHE and its system should be designed to
expand freely to minimize thermal expansion (thermal strain) induced loads on the EHE and its restraint system If
thermal expansion-induced loads (in conjunction with defiection-induced loads and exhaust flow loads) are significant
relative to the limit load of the EHE or its attachments, a fatigue check on critical design point(s) should be performed
The fatigue check should establish a safe life or an approved limited life for the critical component(s) in the FHF
system.

EHE's should be properly supported so that the maximum loads anticipated in service are properly distributed and
reacted and so that thermal-expansion-induced loading is minimized. Typically, the worst-case static design load
conditions are either the emergency impact loads acting alone (reference § 29.561), or the critical combination of loads
from thermal expansion, in-flight deflections and internal exhaust gas flow. Several combinations of these loads should
be examined to determine the critical combination. The EHE should be supported and restrained so that critical
frequencies are avoided and the induced vibration environment is minimized. Flight tests or bench tests, such as
vibration surveys conducted during rotor system endurance testing, may be necessary in some cases, to properly define
or validate the vibration environment and EHE's critical modes and their effect on EHE design. Operating modes such as
ground idle, flight idle, 40 percent and 80 percent of maximum continuous power, maximum continuous power, OEI
power settings, and other critical power settings should be investigated to determine their vibratory effect on the EHE
system. The strength reduction of EHE materials at operating temperature and at critical temperatures should be
properly considered in EHE design and structural substantiation (MIL-HDBK-5D contains material allowables versus
temperature data for a wide variety of metallic engineering materials). The EHE and its restraint system should be
designed to minimize loads induced by the relative motion (in-service deflections) of the components to which the EHE
attaches. Isolation of significant deflection-induced loading (as required, based on analysis and strain surveys) by use of
flexible joints, other equivalent flexible devices, or designs should be considered. Any such in-line device used to reduce
deflection loading should meet applicable certification requirements and be leak-free,

Expansion analysis and verification tests of the EHE should be conducted to ensure its thermal (and structural) integrity
and to ensure that thermal expansion does not cause the EHE to contact (or come close to) ambient temperature aircraft
materials, structure, or system components, and either create a fire hazard or an unintended reduction in strength. To
ensure that expansion analyses and tests are properly conducted, the maximum in-service temperature excursion should
be properly defined. The maximum temperature excursion should be based on the maximum temperatures of the EHE
and exhaust gases, as affected by the insulatory characteristics of the EHE's enclosure, and as affected by a worst-case
hot day. The worst-case temperature environment used for analysis can be verified by a temperature survey which, when
run on cooler days, can be adjusted to the worst-case hot day environment using methods identical to those used for
engine cooling tests (reference § 25.1043).

Hot aircraft exhaust gases are very corrosive; thus, proper material selection and corrosion protection design should be
performed and validated during certification. Advisory Circular (AC) 43-4, "Corrosion Control For Aircraft” contains a
detailed discussion of exhaust gas corrosion problems. The in-service corrosive environment should be identified and
characterized as thoroughly as possible by chemical analysis, tests and service experience. Once defined, appropriate
design techniques and materials should be selected. Certification tests may be required to ensure proper substantiation.
Phased inspections and inspectability should be considered.

The EHE's design should be reviewed for inspectability to ensure that structural and thermal integrity is maintained over
the intended life of the EHE. Also, if the design review is not conclusive relative to inspectability, a tear down inspection
should be conducted.

Each EHE design should be reviewed, analyzed, and tested to ensure that cooling provisions are adequate where EHE
surfaces are subjected to hot exhaust gases. This is necessary to prevent hazardous hot spots or a burn through which
may cause a fire and contaminate the occupied environment.

Each EHE design should be reviewed, analyzed, and tested to ensure that stagnation areas and liquid traps do not exist.
This can be a done using bench flow test. These stagnant areas and traps could become ignition sources if wetted with a
leaking flammable fluid. A review of potential leaking flammable fluid hazards should be conducted and appropriate
preventative measures such as drains and drip fences installed to ensure they are routed away from EHE's.

Each EHE design which will be used to heat véntilating air for occupants should be reviewed to ensure that the EHE is a
double walled systém,.(i.e., it would require failure of two EHE surfaces to allow toxic exhaust gases to intermix with
cabin ventilating air). Each. EHE wall should be designed with equal thermal and structural resistance since a single
undetected inner-wall failure would:subject the outer wall to the primary heat load. Also, inspectability provisions should
be provided or means identified to ensure that inner wall failures can be detected in service. Any equivalent means,
which is dpplied-for, must cleasly provide an equivalent level of safety to a double walled EHE,
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¢. References:

(1) Civil Air Regulations (CAR) 4b, December 31, 1953.

(2) Amendment 25-AD (29 FR 18289, December 24, 1964).

(3) Amendment 25-38 (41 FR 55454, December 20, 1976).

(4) Advisory Circular 29-2B , “Certification of Transport Category Rotorcraft,” July 30, 1997.

AC 20-32B Carbon Monoxide (CO) Contamination In Aircraft--Detection And Prevention
Date: November 24, 1972

Initiated by: FS-140

L.

PURPOSE. This advisory circular provides information on the potential dangers of carbon monoxide contamination
from faulty engine exhaust systems or cabin heaters of the exhaust gas heat exchanger type. It also discusses means of
detection and procedures to follow when contamination is suspected.

CANCELLATION. Advisory Circular AC 20-324, "Carbon Monoxide (CO) Contamination in Aircraft--Detection and
Prevention," effective 9/13/68, is canceled.

REFERENCES.
a. FAA Aircraft Development Service Technical Report No. ADS-80, "An Evaluation of Low Cost carbon Monoxide
Indicators."

b. FAA Aircraft Development Service Technical Report No. ADS-29, "Analysis of Engine Exhaust System Failures in
General Aviation Aircraft."
GENERAL. Carbon monoxide is the product of incomplete combustion of carbonaceous material. It is found in varying
amounts in the smoke and fumes from buming aircraft engine fuels and lubricants. The gas itself is colorless, odorless,
and tasteless but is usually mixed with other gases and fumes which can be detected by sight or smell.
When carbon monoxide is taken into the lungs, it combines with hemoglobin, the oxygen-carrying agent in blood. The
affinity of the hemoglobin for CO is so much greater than for oxygen that oxygen starvation results. Oxygen starvation
of the brain reduces a person’s ability to reason and make decisions. Exposure to even very small amounts of CO over a
period of several hours will reduce a pilot's ability to operate an airplane safely. Long exposure to low CO
concentrations is as hazardous as short exposure to relatively high concentrations.
Susceptibility to carbon monoxide poisoning increases with altitude. As altitude increases, air pressure decreases and the
body has difficulty getting enough oxygen. Add carbon monoxide, which further deprive the body of oxygen, and the
situation can become critical. Inhalation of tobacco smoke also introduces CO into the body in significant quantities.
Many light aircraft cabins are warmed by air that has been circulated around the engine exhaust pipes. A defect in the
exhaust pipes-or cabin heating system may allow carbon monoxide to enter the cockpit or cabin. The danger is greatest
during the winter months and any time the temperature is such that use of the cabin heating system becomes necessary
and windows and vents are closed. But there is. danger at other times, too, for carbon monoxide may enter the cabin
through openings in the firewall and around fairings in the area of the exhaust system.
SYMPTOMS. Early symptoms of CO poisoning are feelings of sluggishness, being too warm, and tightness across the
forehead. The eatly symptoms may be followed by more intense feelings such as headache, throbbing or pressure in the
temples, and ringing in the ears. These in turn may be followed by severe headache, general weakness, dizziness, and
gradual dimming of vision. Large accumulations of CO in the body result in loss of muscular power, vomiting,
convulsions, and coma, Finally, there is a gradual weakening of the pulse, a slowing of the respiratory rate, and ... death.
WHAT TO DO ABOUT EXHAUST ODORS OR SYMPTOMS, If you smell exhaust odors or begin to feel any of the
symptoms previously mentioned, you should immediately assume carbon monoxide is present and should take the

following precantions:

a. Immediately shut off the cabin air heater and close any other openings that might convey the engine compartment
air to the cabin.

b. Open a fresh air source immediately.

c. Avoid smoking.

d. Inhale 100 percent oxygen if available,

e. Ifyou are flying, land at the first opportunity and ensure that any effects from CO are gone before further flight.

f. Determine that CO is not being allowed to enter the cabin because of a defective exhaust, unsealed opening between

engine compartment and cabin, or any other factor.
IS YOUR AIRCRAFT A DEATHTRAP? Concentrations of CO exceeding one part in 20,000 parts of air (0.005
percent) are. hazardous. To prevent an airplane from becoming a deathtrap, a thorough examination of the exhaust
manifold and heater assembly should be conducted. at regular intervals and whenever CO contamination of the cockpit
or cabin is suspected because cracks and holes may occur in a relatively short time. Some aircraft. manufacturers
recommend that exhaust and heater systems be inspected as often as every 25 hours of flight time. Carbon monoxide in
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the cabin or cockpif has been traced to womn or defective exhaust stack slip joints, exhaust system cracks or holes,

openings in the engine firewall, "blowby" at the engine breather, defective gaskets in the exhaust manifold, defective

mufflers, and inadequate sealing or fairing around strut fittings on the fuselage.

Other ways to experience CO contamination are to follow jet aircraft on takeoff, or to take a position downwind of a jet

airplane that is "ground holding" prior to takeoff. If possible, aircraft should be positioned out of the exhaust area of

preceding aircraft.

OPERATIONAL CHECKS. It is a good practice to supplement inspections of cabin heating and engine exhaust. systems

with operational CO detection tests. Carbon monoxide tests are reliable and may be accomplished without any

disassembly" operations, Tests should be conducted on the ground and in flight to determine the extent of CO
contamination. ‘These tests should be conducted with the cabin heat both "on" and "off."

CARBON MONOXIDE DETECTION EQUIPMENT. There are two types. of indicators currently available that are

practical for determining the concentration of CO in the air at any given time. One type is operated by drawing a sample

of air into a transparent tube containing material which changes color according to the amount of CO present. An
accurate measurement of the CO in the sample may be made by comparing the color in the tube to a color standard
provided with the instrument.

Another type of CO indicator consists of a porous plastic disc about the size of a dime mounted in a solid plastic plate

about two inches square and one tenth of an inch thick. The porous plastic contains a chemical that changes color upon

contact with carbon monoxide. Measurement of the CO present is made by exposing the porous plastic disc to the
atmosphere to be tested for a specific period of time, then comparing the disc color to a color standard on the

"instruction card." A reading of "safe," "marginal,” or "dangerous" is determined. Although not as accurate as the first

type, its accuracy is adequate, and it has the advantage of being light in weight and low in cost. Only one model of plate

type indicator has been tested by FAA. This is the model described in Paragraph 10d below.

USE OF CO DETECTION EQUIPMENT

8, Instructions for operating the sampling type indicator are furnished with each instrument. The actions listed in
paragraph 6 of this advisory circular should be taken immediately if a CO concentration of more than 0.005 percent
is indicated.

b. The plate type indicator should first of all be verified by the user as a type that functions properly. With a properly
functioning detector and an appropriate color chart, the following technique has been found to be effective: Remove
the transparent plastic: cover from the plate thus exposing the disc to the atmosphere. After three minutes of timed
exposure, compare the color of the disc with the color chart. If the exposure indicates a "dangerous” condition, the
actions listed in paragraph 6 of this advisory, circular should be taken immediately. If there is any question about
the degree of hazard present, the exposure may be continued for a timed total of 15 minutes as a verification of the
3-minute reading,

c. Anplate, once.éxposed and found to have no appreciable disc discoloration may be left exposed in.the cabin for up to
30 days. If, within that period, a distinct discoloration of the disc is noted, repeat the above procedure using a new
unused plate. The sensitized spot will darken in the presence of humidity, CO, and other gases, but exposing the
spot to direct sunlight and fresh air may restore it to its original color, indicating a serviceable condition. After 30
days' exposure, the plate is no longer serviceable.

d. The plate type indicator which the FAA tested. and found satisfactory was a two-inch by two-inch square buff-
colored plastic plate with a dime-size buff-colored sensitized spot. (not an off-white plate with a brown-colored
spot). It may or may not be labeled: DETECTOR CARBON MONOXIDE INDICATOR. The instruction card
developed by FAA and labeled, INSTRUCTIONS FOR USE OF "DETECTOR" CARBON MONOXIDE
INDICATOR, will:be helpful to use with the indicator: This card has a color index with six gradations of color (not
three) on the front side and TEST INSTRUCTIONS plus GENERAL REMARKS on the back. It is punched with
five holes (not two).

REPORT AVAILABILITY. FAA Aircraft Development Service Technical Report No. ADS-80 titled "An Evaluation of

Low Cost. Carbon Monoxide Indicators” describes the tests conducted by FAA on the CO indicator. It also contains a

reproduction of the color index. The report, which received wide distribution initially, is no longer available from FAA.

It may be purchased for $6.00 per copy from:

National Technical Information Service
5285 Port Royal Road
Springfield Virginia 22151

Orders should include NTIF Accession No, AD 461670 together with the ADS report number and title.

JAMES F. RIDOLPH

Director, Flight Standards Service
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AC 20-42C Hand Fire Extinguishers For Use In Aircraft

7. DISCUSSION.
e. Halon 1211 Extinguishers,

@

If Halon 1211 extinguishers are installed in a nonventilated, passenger-occupied compartment, and the compartment
cannot be vented, and the occupants cannot leave if the extinguishers are discharged, then the total Halon 1211
agent available from all the extinguishers should not be capable of producing a concentration greater than 2 percent
by volume at 120°F (49°C) in the compartment. For compartments where egress is possible within one minute, the
maximum. design concentration can be 4 percent by volume. For ventilated compartments the guidelines in
paragraph 8f(5) of this AC can be used.

f. Halon 1301 Extinguishers.

@

(&)

If Halon 1301 extinguishers are instailed in a nonventilated, passenger-occupied compartment, and the compartment

cannot be vented, and the occupants cannot leave if the extinguishers are discharged, then the total Halon 1301

agent available from all the extinguishers should not be capable of producing a concentration greater than 5 percent

by volume at 120°F (49°C) in the compartment. For compartments where egress is possible within one minute, the
maximum design concentration can be 10 percent by volume. For ventilated compartments the guidelines in
paragraph 8£(5) of this AC can be used.

For occupied spaces on small aircraft where neat state (undecomposed) halon concentrations will be approaching

allowable limits, Halon 1301 is the halogenated agent of choice for the following reasons:

(a) Both Halon 1211 and Halon 1301 decompose when exposed to flame producing toxic products of
decomposition. Halon 1211 produces some decomposition products which are not produced by Halon 1301
and is, therefore, also considered more toxic in the decomposed state.

(b) Health and safety advantages associated with similar volume occupied spaces on larger aircraft (flight decks)
do not usually exist for the smaller aircraft. These advantages are a forced ventilation system, availability of
oxygen masks, and availability of a second individual capable of flying the aircraft.

8. GENERAL INFORMATION,
f. Precautions.

@
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Tests indicate that human exposure to high levels of Halon vapors may result in dizziness, impaired coordination,
and. reduced mental sharpness. Exposure to natural agents is generally of less concern than is exposure to the
decomposition products. Exposure to undecomposed halogenated agents may produce varied central nervous system
effects depending upon exposure concentration and time. Halogenated agents will also decompose into more toxic
products when subjected to flame or hot surfaces at approximately 900°F (482°C). However, unnecessary exposure
of personnel. to either the natural agent or to the decomposition products should be avoided. The decomposition
products of the Halon have a characteristic sharp, acrid odor, and an eye irritating effect, even in concentrations of
only a few parts per million. Generally, decomposition products from the fire itself, especially carbon menoxide,
smoke, heat, and oxygen depletion, create a greater hazard than the thermal decomposition products of Halon. See
NFPA Standard 12A, Halon 1301 Fire Extinguishing Systems, and NFPA Standard 12B, Halon 1211 Fire
Extinguishing Systems, for more detailed information.

Under nonventilated conditions, Underwriters" Laboratories, Inc., recommends that the maximum concentration of
Halon 1211 not exceed 2 percent in an enclosure, and the maximum concentration of Halon 1301 not exceed 5
percent. For sea-level altitude and a temperature of 120°F (48.9°C), the compartment volume in cubic feet that will
result in these concentrations, for a given weight of agent, is found by multiplying the agent charge weight in
pounds by 124.7 in the case of Halon 1211, and by 52.6 in the case of 1301.

Carbon dioxide extinguishes fire by reducing the concentration of oxygen and/or the gaseous phase of the fuel in the
air to the point where combustion stops, Carbon dioxide will not support life when used in sufficient concentration
to extinguish a fire, and it should not be used in habitated, nonventilated aircraft compartments. Due. to oxygen
deficiency, prolonged occupancy can produce unconsciousness and death at higher concentrations. A concentration
of 9 percent is about all most persons can withstand without losing consciousness within a few minutes. At
concentrations above 9 percent, occupants would quickly lose consciousness. At concentrations of about 20 percent,
death would follow in about 20-to-30 minutes, unless the victim was removed to a source of fresh air. (Ref. NFPA
Standard 12, Appendix A). Carbon dioxide must be at a 34 percent concentration to effectively extinguish a
gasoline fire,

For ventilated compartments, the nomographs shown in Appendix 1, Figures 1, 2, and 3 of this AC can be used to
find safe extinguisher sizes when compartment volume and ventilation rates are known. The nomographs are based
on allowable doses of 4 percent minutes, 10 percent minutes, and 25 percent minutes for Halon 1211, Halon 1301,
and CO2 respectively. Because of the effect of CO2 on human respiration rate, the allowable CO2 would have to be
reduced by a factor of six from the amount allowed by the CO2 nomograph to reduce changes in human respiration
rates. The Halon 1211 and 1301 homographs are entirely consistent with recognized standards. If extinguishers
larger than those indicated by the selected nomographs are installed, use of protective breathing equipment should
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be considered. These homographs are essentially for aircraft for which rates are controllable and known. To use a
selected homograph, extend a straight line across the three vertical scales, crossing the air change and compartment
volume: scalés at the figures appropriate for the aircraft, and crossing the agent scale at weight appropriate for that
air change time and vole.

(6) Extinguishers-containinga given welght of a mixture of Halon 1211 and 1301 should be treated as if the total agent
weight were. completely Halon 1211 in terms of quantitative guidelines cited in paragraphs 7e(4), 7e(5), 8f(3), and
8f(5) of this-AC, For ail aircraft applications in habitated compartments, Halon 1211, 1301, and mixtures of the two
shouldbe agénts:of choice as compared to CO2.

AC 25-7A Flight Test Guide for Certification of Transport Category Airplanes (Incorporates
change 1 dated 6/3/99)

Chapter 4. Design sad:Construction

Section 8. Ventilation:and Heating

84. Ventilation--§ 25,831,

a.

b.

Explanation,

(1) This reqmrement deals with minimum ventilation requirements for each occupant of the airplane, control of the
ventilating air, accumulation and evacuation. of smoke and harmful or hazardous concentrations of gases or vapors,
and failure conditions of the ventilation system. Specific quantities of fresh air along with carbon monoxide and
carbon dioxide concentration limits are specified in the rule. Reference should be made to the paragraphs in this AC
dealing with Cargo and Baggage Compartments, § 25.855; Exhaust Systeins, § 25.1121; and Fire Extinguishing
Agents, § 25.1197. AC 25-20, "Pressurization, Ventilation, and. Oxygen Systems Assessment for Subsonic Flight
Including High Altitude Operations,™ also provides guxda.nce -for ventilation requirements,

(2) The objective of the inflight smoke:evacuation test is to confirm that the. flightcrew emergency procedures and the
ventilation systen: are: capable of handling heavy smoke, and to show that when using the emergency procedures,
the smoke will dxssxpatc -at a reasonable rate. This is.a quantitative and qualitative evaluation.

Procedures,

(1) Flight testmg should'be conducted to ensure the amount of ventilation air provided meets the requirements specified
and. the. ﬂlghtcrew is able to accomplish their duties without undue fatigue and discomfort. Ventilation system
controls.in the flight deck should be demonstrated to perform: their intended function.

(2) The passenger and crew compartment should. be monitored for the presence of carbon monoxide. Various flight and
equipment configurations should be tested. A carbon monoxide test kit is normally used for this evaluation.

(3) Inflight smoke evacuation testing should be conducted in accordance with Advisory Circular 25-9A, "Smoke
Detection, Penetration, and Evacuation Tests and Related Flight Manual Emergency Procedures,” dated January 6,
1994,

Section 7. Exhaust System

137. General--§ 35,1121,

a.

Explanation. Section 25,1121(a)--Carbon monoxide contamination. Carbon monoxide detection tests are conducted in
accordance with this requifement to determine that the. disposal of exhiaust gases from each exhaust system does not
cause carbon sonpxide:contamination of any personriel compartment.

References. Also séé information related to the evacuation of other persomnel compartment atmosphere contaminants
contained-inparagraphs 84 and 165 of this AC addressing the requirements of §§ 25.831 and 25.1197, respectively.

Section 9. Powerplant Fire Protection
165. Fire Exﬁnguﬁﬁﬁg&gqugg; 25.1197.

a,

. ‘Carbon Dioxide in Flightcrew Compartments. Carbon dioxide has been found to adversely affect
flxghtcrew pérsoninel i the performance. of their duties. Therefore, in airplanes equipped: with built-in carbon dioxide
fuselage. compamncnt fire extinguisher systems, the carbon-dioxide concentration occurring at the flightcrew stations as
a result of discharging the fire extinguishers should be dstermined in accordance with the procedures of this section (also
see paragraph 84.0f this AC), except that such determination is not considered necessary if:

(1) Five potinds-or less of carbon dioxidewill be discharged into any one such fuselage compartment in accordance

with established firé.control'procedures; or
2) Protective.breathing equipment is prowded for each flight crewmember on flight deck duty.

b. Procedires, Flight Test Investigation.
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(1) The carbon dioxide concentrations at breathing level at the flightcrew stations should be determined in flight tests
during which fuselage compartment fire extinguishers are discharged in accordance with established fire control
procedures. Since carbon dioxide is heavier than air, a nose-down attitude. is likely to produce the critical
concentrations in the crew compartment. Perform the tests described in paragraphs (2) and (3) below.

(2) A rapid.descent at the "maximum operating limit speed" of the airplane with the flaps and landing gear up.

(3) A rapid descent with the flaps and landing gear down, at the maximum permissible speed for this configuration. If it
appears that any other condition is likely to be critical on a particular airplane, it should also be investigated.

(4) In the flight tests specified above, it will be permissible to institute emergency ventilating procedures immediately
prior to or following the discharge of carbon dioxide, provided such procedures can be accomplished easily and
quickly by the flightcrew, and do not appreciably reduce the effectiveness of the fire protection system.

(5) If the measured. carbon dioxide concentrations exceed three percent by volume (corrected to Sea Level, Standard
Day conditions), protective breathing equipment should be provided for each flight crewmember on flight deck
duty.

(6) Appropriate emergency operating procedures should be entered in the Airplane Flight Manual.

AC 25-20 Pressurization, Ventilation and Oxygen Systems Assessment for Subsonic Flight Including
High Altitude Operation

4, PHYSIOLOGICAL LIMITING CRITERIA. The objective of the high altitude standards is to prevent exposing the
airplane occupants to environmental conditions that would:

a. Prevent the flightcrew from safely flying and safely landing the airplane, or

b. Cause permanent physiological damage to the occupants.

5. VENTILATION.

a. Section 25.831(a) specifies that the ventilation system must be designed to provide a minimum of 0.55 pounds of
fresh air per minute per person {10 cubic feet per minute of air at 8,000 feet pressure altitude and at cabin
temperatire of 75°F.) for normal operations. If the airplane incorporates a recirculation system, the required fresh
air may be mixed with filtered, recirculated air. A larger amount of fresh air may be required due to secondary
considerations, such as equipment cooling, window or windshield defogging, control of smoke or toxic fumes, or
smoke evacuation. Increased fresh air flow may also be needed in some instances to compensate for high ambient
temperatures and humidity. The mass flow following probable failures is addressed in paragraph S.e of this AC.

b. Compliance with these requirements may be demonstrated by analysis, ground tests, and/or flight tests. Because it is
not practicable to measure the air flow at each occupant's location, the fresh air supplied per minute per occupant
may be determined by averaging the total cabin fresh air supply and cockpit fresh air supply for the number of
occupants that each area can accommodate.

c. The environmental systems should be investigated for the extremes of the airplane operating envelope. Tests
(component, sub-system, airplane) and/or analysis should be used to establish the capabilities of the environmental
systems at temperatures anticipated to be encountered in service, For informational purposes, guidelines for climatic
extremes may be found in Reference 1, "Military Standard Climatic' Extremes for Military Equipment," MIL-STD-
210B.

d. Takeoff with the air conditioning or bleed air system "off" may be an acceptable procedure provided the ventilation
system continues to provide an acceptable environment in the passenger cabin and cockpit for the brief period when
the ventilation system is not operating normaily.

e. For probable failuré conditions, the ventilation system should be designed to provide enough fresh air to prevent the
accumiilation of odors and pollutants such as carbon dioxide. Under these conditions, the supply of fresh air should
not be less than 0.4-pounds of fresh air per minute per occupant for any period exceeding five minutes. This value
also appears in advisory material used by the Joint Aviation Authorities to establish a minimum flow rate following
loss of one air source, Temporary reductions below this flow rate may be acceptable provided the compartment
environment is' maintained at a level which is not hazardous to occupants. This value is based on the minimum
airflow for nonsmoking occupied spaces recommended in the ASHRAE 62-1981 standard (the American Society of
Heating, Refrigerating, and Air-Conditioning Engineers, Inc.). In addition, equipment cooling and ventilation for
smoke: evacnation should be provided following such failure conditions. The conditions to be considered should
include failures of components such as fans, valves, and ducts, failures of a single air conditioning system or bleed
air system, and failures of dual air conditioning systems or dual bieed air systems when the systems have common
control systems, duct inlet systems, or distribution systems.
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ARP 85

ARP 731B (Draft)

ARP 986B

AIR 1539

AlIR 1796

AIR 4362 (Draft)

ARP 4418

AIR 4766 (Draft)

Other

USAF AFOSH 48-8

MIL-E-5007E

vage 28 ot 28

Air Conditioning Systems for Subsonic Airplanes

Section 4.1- Ventilation

Focuses on control & dilution of cigarette smoke.

Section 5.1.5- Contamination

References AIR 1539, Specifies components should not add toxic or irritating materials to cabin air
supply.

Section 5.2.1- Heat Exchangers

e) Liquid Cooled- design to minimize possibility of fuel or coolant leak into air.

Section 7.1- Minimizing Fresh Airflow

Techniques to minimize use of fresh air (maximize fuel economy) using recirculation, bleed flow
scheduling, air treatment

General Requirements for Application of Vapor Cycle Refrigeration Systems for Aireraft
Section 3.4.1.1- Characteristics (Refrigerant Selection Considerations)

Discusses toxicity as one criteria for refrigerant selection.

Guide for Qualification Testing of Aircraft Air Valves

Section 11.17- Contaminated Fluids

Requires injection of mixture of turbine oil, salt, water, dust & corrosion inhibiter,

Environmental Control System Contamination

Good discussion of types and sources of contamination. Focuses on effects on aircraft systems.

Environmental Control System Contamination

Section 4.11- Bleed Air Quality

Requires compliance with CFR Title 29, Part 1910, Section 1910.93 and AFOSH Standard 161-8.
NBC Protection Considerations for ECS Design

Useful related information for detection of and protection from hazardous chemicals.

Procedure for Sampling and Measurement of Engine Generated Contaminants In Bleed Air
Supplies from Aircraft Engines Under Normal Operating Conditions

Provides measurement procedures for eight (8) specific bleed air contaminants. Lists AIR 4766
(Draft) as the source of the limits for those contaminants, but also tabulates the limits.

Aiir Quality for Aircraft Cabins

Don't have a copy.

Controlling Exposures to Hazardous Materials

http://afpubs.hqg.af.mil/

Replaces AFOSH Standard 161-8. Very extensive OSHA type monitoring and protection guide.
Engines, Aircraft, Turbojet and Turbofan, General Specification for

Attached.

"Airbus Cabin Air Quality- Only the Best", FAST Magazine

http://www.airbus.com/customer_fast.html
Inflight air quality measurement program on several Airbus airplanes.

Heating/Piping/AirConditioning Magazine

http://www.hpac.com/

Very useful source for air quality information. The November 1999 issue is devoted to proposed
Addendum 62n to ASHRAE Standard 62-1989 for calculation of ventilation rates. It includes three
pages of Internet links to IAQ organizations and web sites. It is also a free subscription.


http://afpuba.hq.af.mil/
http://www.airbus.com/customer_fast.html
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Proposed Rules

Federal Register

This section of the FEDERAL REGISTER contains notices to the public of the proposed issuance of rules and
regulations. The purpose of these notices is to give interested persons an opportunity to participate in the rule
making prior to the adoption of the final rules.
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DEPARTMENT OF TRANSPORTATION
Federal Aviation Administration

14 CFR Part 39

[Docket No. 99-NM-227-AD]

RIN 2120-AA64

Airworthiness Directives; McDonnell Douglas Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-
83), and DC-9-87 (MD-87), Model MD-88 Airplanes, and Medel MD-90-30 Series Airplanes

AGENCY: Federal Aviation Administration, DOT.

ACTION: Notice of proposed rulemaking (NPRM).

SUMMARY: This document proposes the adoption of a new airworthiness directive (AD) that is applicable to
certain McDonnell Douglas Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87
(MD-87) series airplanes, Model MD-88 airplanes, and Model MD-90-30 series airplanes. This proposal would
require instaliation of a pipe support and clamps on the hydraulic lines in the aft fuselage; replacement of the
hydraulic pipe assembly in the aft fuselage with a new pipe assembly; and installation of drain tube assemblies
and diverter assemblies in the area of the auxiliary power unit (APU) inlet; as applicable. This proposal is
prompted by reports of smoke and odor in the passenger cabin and cockpit due to hydraulic fluid leaking into the
APU inlet, and subsequently, into the air conditioning system. The actions specified by the proposed AD are
intended to prevent such hydraulic fluid leakage due to fatigue vibration and cracking in the flared radius of a
hydraulic pipe in the aft fuselage, which could result in smoke and odors in the passenger cabin or cockpit.



DATES: Comments must be received by March 3, 2000.

ADDRESSES: Submit comments in triplicate to the Federal Aviation Administration (FAA), Transport
Airplane Directorate, ANM-114, Attention: Rules Docket No. 99-NM-227-AD, 1601 Lind Avenue, SW., Renton,
Washington 98055-4056. Comments may be inspected at this location between 9:00 a.m. and 3:00 p.m., Monday
through Friday, except Federal holidays.

The service information referenced in the proposed rule may be obtained from Boeing Commercial
Aircraft Group, Long Beach Division, 3855 Lakewood Boulevard, Long Beach, California 90846, Attention:
Technical Publications Business Administration, Dept. C1-L51 (2-60).

This information may be examined at the FAA, Transport Airplane Directorate, 1601 Lind Avenue, SW.,
Renton, Washington; or at the FAA, Transport Airplane Directorate, Los Angeles Aircraft Certification Office,
3960 Paramount Boulevard, Lakewood, California.

FOR FURTHER INFORMATION CONTACT: Albert Lam, Aerospace Engineer, Systems and Equipment
Branch, ANM-130L, FAA, Transport Airplane Directorate, Los Angeles Aircraft Certification Office, 3960
Paramount Boulevard, Lakewood, California 90712-4137; telephone (562) 627-5346; fax (562) 627-5210.

SUPPLEMENTARY INFORMATION:
Comments Invited

Interested persons are invited to participate in the making of the proposed rule by submitting such
written data, views, or arguments as they may desire. Communications shall identify the Rules Docket number
and be submitted in triplicate to the address specified above. All communications received on or before the
closing date for comments, specified above, will be considered before taking action on the proposed rule, The
proposals contained in this notice may be changed in light of the comments received.

Comments are specifically invited on the overall regulatory, economic, environmental, and energy
aspects of the proposed rule. All comments submitted will be available, both before and after the closing date for
comments, in the Rules Docket for examination by interested persons. A report summarizing each FAA-public
contact concerned with the substance of this proposal will be filed in the Rules Docket.

Commenters wishing the FAA to acknowledge receipt of their comments submitted in response to this
notice must submit a self-addressed, stamped postcard on which the following statement is made: "Comments to
Docket Number 99-NM-227-AD." The postcard will be date stamped and returned to the commenter.

Availability of NPRMs

Any person may obtain a copy of this NPRM by submitting a request to the FAA, Transport Airplane
Directorate, ANM-114, Attention: Rules Docket No. 99-NM-227-AD, 1601 Lind Avenue, SW., Renton,
Washington 98055-4056.

Discussion

The FAA has received several reports of smoke and odor in the passenger cabin on McDonnell Douglas
Model DC-9-82 (MD-82) series airplanes due to failure of a hydraulic pipe in the aft fuselage accessory
compartment. Investigation revealed that hydraulic fluids leaked into the bilge area of the tailcone and out of the
existing drains and were ingested into the air intake area of the auxiliary power unit (APU), and subsequently,
into the air conditioning system. Further investigation revealed that the leaking fluid was due to fatigue vibration
and cracking in the flared radius of a hydraulic pipe in the aft fuselage. This condition, if not corrected, could
result in smoke and odors in the passenger cabin or cockpit.



The subject hydraulic pipe assembly on McDonnell Douglas Model DC-9-81 (MD-81), DC-9-83 (MD-
83), and DC-9-87 (MD-87) series airplanes, Model MD-88 airplanes, and Model DC-90-30 series airplanes is
similar to those on the affected Model DC-9-82 (MD-82) airplanes. Therefore, all of these airplanes may be
subject to the same unsafe condition.

Explanation of Relevant Service Information

The FAA has reviewed and approved McDonnell Douglas Service Bulletin MD80-29-056, dated June
18, 1996 [for Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series
airplanes], which describes procedures for installation of a pipe support and clamps on the hydraulic lines in the
aft fuselage.

The FAA also has reviewed and approved McDonnell Douglas Service
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Bulletin MD80-29-062, Revision 01, dated August 3, 1999 [for Model DC-9-81 (MD-81), DC-9-82 (MD-82),
DC-9-83 (MD-83), and DC9-87 (MD-87) series airplanes, and Model MD-88 airplanes], which describes
procedures for replacement of the hydraulic pipe assembly in the aft fuselage with a new pipe assembly having a
greater wall thickness.

In addition, the FAA has reviewed and approved McDonnell Douglas Service Bulletins MD80-53-286,
dated September 3, 1999 [for Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87
(MD-87) series airplanes, and Model MD-88 airplanes], and MD90-53-018, dated September 3, 1999 (for Model
MD-90-30 series airplanes), which describe procedures for installation of drain tube assemblies and diverter
assemblies in the area of the APU inlet.

Accomplishment of the actions specified in the service bulletins listed above is intended to adequately
address the identified unsafe condition.

Explanation of Requirements of Proposed Rule

Since an unsafe condition has been identified that is likely to exist or develop on other products of this
same type design, the proposed AD would require accomplishment of the actions specified in the service
bulletins described previously.

Differences Between Proposed Rule and Service Bulletins

Operators should note that, although McDonnell Douglas Service Bulletins MD80-29-056, dated June
18, 1996; MD80-53-286, dated September 3, 1999; and MD90-53-018, dated September 3, 1999; recommend
accomplishing the modifications at the earliest practical maintenance period (after the release of the service
bulletin), the FAA has determined that such an interval would not address the identified unsafe condition in a
timely manner. In developing an appropriate compliance time for this proposed AD, the FAA considered not
only the manufacturer's recommendation, but the degree of urgency associated with addressing the subject unsafe
condition, the average utilization of the affected fleet, and the time necessary to perform the modifications. In
light of all of these factors, the FAA finds that an 18-month compliance time for initiating the proposed actions
to be warranted, in that it represents an appropriate interval of time allowable for affected airplanes to continue to
operate without compromising safety.



Cost Impact

There are approximately 1,126 airplanes of the affected design in the worldwide fleet. The FAA
estimates that 634 airplanes of U.S. registry would be affected by this proposed AD.

It would take approximately 2 work hours per airplane {for 512 Model DC-9-81 (MD-81), DC-9-82
(MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series airplanes] to accomplish the proposed installation of
the pipe support and clamps, at an average labor rate of $60 per work hour. Required parts would cost
approximately $226 per airplane. Based on these figures, the cost impact of this installation proposed by AD on
U.S. operators is estimated to be $177,152, or $346 per airplane.

It would take approximately 2 work hours per airplane [for 634 Model DC-9-81 (MD-81), DC-9-82
(MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series airplanes, and Model MD-88 airplanes] to
accomplish the proposed replacement, at an average labor rate of $60 per work hour. Required parts would cost
approximately $520 per airplane, Based on these figures, the cost impact of this replacement proposed by this
AD on U.S. operators is estimated to be $405,760, or $640 per airplane.

It would take approximately 14 work hours per airplane (for 22 Model MD-90-30 series airplanes) to
accomplish the proposed installation of drain tube assemblies and diverter assemblies, at an average labor rate of
$60 per work hour. Required parts would cost approximately $4,503 per airplane. Based on these figures, the cost
impact of the proposed AD on U.S. operators is estimated to be $117,546, or $5,343 per airplane.

The cost impact figures discussed above are based on assumptions that no operator has yet accomplished
any of the proposed requirements of this AD action, and that no operator would accomplish those actions in the
future if this AD were not adopted.

Regulatory Impact

The regulations proposed herein would not have substantial direct effects on the States, on the
relationship between the national government and the States, or on the distribution of power and responsibilities
among the various levels of government. Therefore, in accordance with Executive Order 12612, it is determined
that this proposal would not have sufficient federalism implications to warrant the preparation of a Federalism
Assessment.

For the reasons discussed above, I certify that this proposed regulation (1) is not a "significant regulatory
action” under Executive Order 12866; (2) is not a “'significant rule" under the DOT Regulatory Policies and
Procedures (44 FR 11034, February 26, 1979); and (3) if promulgated, will not have a significant economic
impact, positive or negative, on a substantial number of small entities under the criteria of the Regulatory
Flexibility Act. A copy of the draft regulatory evaluation prepared for this action is contained in the Rules
Docket. A copy of it may be obtained by contacting the Rules Docket at the location provided under the caption
ADDRESSES.

List of Subjects in 14 CFR Part 39
Air transportation, Aircraft, Aviation safety, Safety.
The Proposed Amendment

Accordingly, pursuant to the authority delegated to me by the Administrator, the Federal Aviation
Administration proposes to amend part 39 of the Federal Aviation Regulations (14 CFR part 39) as follows:

PART 39--AIRWORTHINESS DIRECTIVES

1. The authority citation for part 39 continues to read as follows:



Authority: 49 U.S.C. 106(g), 40113, 44701.
Sec. 39.13 [Amended]
2. Section 39.13 is amended by adding the following new airworthiness directive:
McDonnell Douglas: Docket 99-NM-227-AD.

Applicability: Models and series of airplanes as listed in the applicable McDonnell Douglas service
bulletin(s) specified in Table 1 of this AD, certificated in any category.

Table 1
Model of airplane McDonnell Douglas service bulletin(s)
DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 MDB80-29-056, dated June 18, 1996; MD80-29-062,
(MD-83), and DC-9-87 (MD-87) series airplanes. Revision 01, dated August 3, 1999; and
MDB80-53-286, dated September 3, 1999,
MD-88 airplanes MDB80-29-062, Revision 01, dated August 3, 1999
and MD80-53-286, dated September 3, 1999.
MD-90-30 series airplanes MD90-53-018, dated September 3, 1999.
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Note 1: This AD applies to each airplane identified in the preceding applicability provision, regardless
of whether it has been modified, altered, or repaired in the area subject to the requirements of this AD. For
airplanes that have been modified, altered, or repaired so that the performance of the requirements of this AD is
affected, the owner/operator must request approval for an alternative method of compliance in accordance with
paragraph (e) of this AD. The request should include an assessment of the effect of the modification, alteration,
or repair on the unsafe condition addressed by this AD; and, if the unsafe condition has not been eliminated, the
request should include specific proposed actions to address it.

Compliance: Required as indicated, unless accomplished previously.

To prevent hydraulic fluid leakage into the auxiliary power unit (APU) inlet due to fatigue vibration and
cracking in the flared radius of a hydraulic pipe in the aft fuselage, which could result in smoke and odors in the
passenger cabin or cockpit; accomplish the following:

Installation a Pipe Support and Clamps

(a) For Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series
airplanes, as listed in McDonnell Douglas Service Bulletin MD80-29-056, dated June 18, 1996: Within 18
months after the effective date of this AD, install a pipe support and clamps on the hydraulic lines in the aft
fuselage in accordance with the service bulletin.

Replacement of the Hydraulic Pipe Assembly

(b) For Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series
airplanes, and Model MD-88 airplanes, as listed McDonnell Douglas Service Bulletin MD80-29-062,



Revision 01, dated August 3, 1999: Within 18 months after the effective date of this AD, replace the hydraulic
pipe assembly in the aft fuselage with a new pipe assembly having a greater wall thickness, in accordance with
the service bulletin. Except for Model MD-88 airplanes that have been modified in accordance with McDonnell
Douglas MD-80 Service Bulletin 29-54, dated February 2, 1993, or Revision 2, dated December 17, 1993, the
requirements of this paragraph must be accomplished concurrently with the requirements of paragraph (a) of this
AD

Installation of Drain Tube Assemblies and Diverter Assemblies

(c) For Model DC-9-81 (MD-81), DC-9-82 (MD-82), DC-9-83 (MD-83), and DC-9-87 (MD-87) series
airplanes, as listed in McDonnell Douglas Service Bulletin MD80-53-286, dated September 3, 1999; and Model
MD-9-30 series airplanes, as listed in McDonnell Douglas Service Bulletin MD90-53-018, dated September 3,
1999: Within 18 months after the effective date of this AD, install drain tube assemblies and diverter assemblies
in the area of the APU inlet, in accordance with the applicable service bulletin,

Spares

(d) As of the effective date of this AD, no person shall install a hydraulic pipe assembly, part number
7936907-603, on any airplane.

Alternative Methods of Compliance

(e) An alternative method of compliance or adjustment of the compliance time that provides an
acceptable level of safety may be used if approved by the Manager, Los Angeles Aircraft Certification Office
(ACQ), FAA, Transport Airplane Directorate.

Operators shall submit their requests through an appropriate FAA Principal Maintenance Inspector, who
may add comments and then send it to the Manager, Los Angeles ACO.

Note 2: Information concerning the existence of approved alternative methods of compliance with this
AD, if any, may be obtained from the Los Angeles ACO.

Special Flight Permits
(f) Special flight permits may be issued in accordance with sections 21.197 and 21.199 of the Federal

Aviation Regulations (14 CFR 21.197 and 21.199) to operate the airplane to a location where the requirements of
this AD can be accomplished.

Issued in Renton, Washington, on January 11, 2000.
Donald L. Riggin,
Acting Manager, Transport Airplane Directorate, Aircraft Certification Service.
[FR Doc. 00-1118 Filed 1-14-00; 8:45 am}

BILLING CODE 4910-13-U
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Australian Democrat Senator for Queensiand TE *L.
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SCHOOL Ol
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From: Assoc Prof Chris Winder Phone (61 2) 9385 5370

Head of School Fax (61 2) 9385 6190

Office (61 2) 9385 4144

School of Safety Science Emaill ¢ winder@unsw edu au

Faculty of Science and Technology
Regarding: Toxic fumes on the BAe 146

Dear Senator Woodley

You may recall | wrote to you earlier this year in March, outlining my concerns about the
incidence of toxic fumes on the BAe 146. As you know, this is a British Aerospace jet being
flown by various airlines around the world, on which smoke/mist/fume events are not
uncommon. Symptoms of toxicity have been produced in some airline staff exposed to
such fumes. However, the aifdines do not seem to have been able to deal with this issue

properly.

| am a toxicologist with a research interest into low level chemical exposures that produce
toxicity. In 1997, | met and interviewed Ms Alycia Chew, a fight attendant with toxic
symptoms from smoke/mist/fume exposures on the BAe 146, dating from 1992 (as you may
know, Ms Chew's compensation case recently concluded in the NSW Workers
Compensation Court). In my research activities, | am used to seeing a small number of
individuals from various workplace sectors with symptoms of toxicity to exposures that do
not affect their co-workers. However, what has concerned me in Ms Chew's case is an
apparently significant number of similar cases in cabin crew and flight crew in Australia My
concern quickly turned to alarm in 1998, when | became aware that this problem was not
unique to Australia, when | learned of similar cases in Canada, the USA, the United
Kingdom and France.

| have been discussing this issue with Dr Jean-Christophe Balouet, an environmental
scientist in France, investigating similar cases worldwide. In our view, the symptoms
reported in these cases are sufficiently consistent to indicate the development of a discrete
occupational health condition, and we are using the term “aerotoxic syndrome” to describe
it. Features of this syndrome are that it is associated with air crew exposure at altitude to
atmospheric contaminants from engine oil or other aircraft fluids, temporally juxtaposed by
the development of a consistent symptomology of irritancy, sensitivity, psychotoxicity and
neurotoxicity. This syndrome may be reversible following brief exposures, but features are
emerging of a chronic syndrome following further exposures.

In your reply of 7 April 1999 to my 10 March letter, you invited me to make a submission to
the Senate Inquiry into Aviation. Please find attached my submission plus attachments, for
the Inquiry's consideration.

Further, while | would be happy to give evidence to the Inquiry as a witness, please note
that | am on sabbatical at the University of Surrey in the United Kingdom until mid-
September 1998.

Yours sincerely

Chhishinds R
/ ; S i

ASSOC PROF CHRIS WINDER PhD \ ;
HEAD, SCHOOL OF SAFETY SCIENCE i o

12 June 1999 S
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EXECUTIVE SUMMARY

This submission has been prepared for the Australian Parliament Senate Rural and
Regional Affairs and Transport Legislation Inquiry into Aviation. It addresses one of
the terms of reference of this inquiry, that of “the examination of air safety with
particular reference to air quality in the cabins of BAe 146 aircraft”.

The personal details of the author of this report are outlined in Appendix 1.

The main points in this submission are:

1
2

Hazardous chemicals are used in aircraft, including the BAe 146.

Contamination of the cabin of aircraft is not unheard of. It is possible that
chemicals may contaminate the passenger cabin of aircraft in flight as
vapours, fumes, mists or smoke, either through normal operational activities
or arising from abnormal conditions (henceforth called exposure events).

Engineering and maintenance staff handling such materials are providing with
information, such as:

Q praduct labels and material safety data sheets (MSDS) from product
suppliers, which contain advice on hazards and general information on
control; and

o engineering manuals from aircraft engine suppliers, which contain
advice about minimising risks from toxic exposures in maintenance
operations.

Hazard classifications, product labels and MSDS provided by product
suppliers often minimise the hazards of the materials they relate to and
suggest safety only "under normal conditions of use” using recommended
preventive measures (see Appendix 2). No information is provided for
unusual or abnormal conditions (such as those that may occur during an
exposure event).

The “safe under normal conditions of use” statement has been uncritically
extrapolated by airline operators to include exposures in all normal or
abnormal conditions. This goes beyond exposure conditions the product
manufacturer envisaged, and probably contravenes product liability.

The airlines in Australia have been aware of the issue of exposure events in
the BAe 146 since at least 1992 (see Appendix 3). Airline flight and
engineering documentation suggests that the numbers of exposure events on
the BAe 146 are not insignificant.

No advice is provided to cabin crew (neither fiight attendants nor flight crew)
as to what actions to take in the event of exposure events.

Monitoring undertaken by various airlines to assess the extent of the problem
has been inadequate. For example, no appropriately conducted monitoring
has been conducted during an exposure event.

Symptoms of toxicity have been reported by flight attendants and pilots
exposed during exposure events, including irritation, sensitisation,
psychotoxicity and neurotoxicity.



10  Symptoms of toxicity may be exacerbated by the hypoxia of cabin pressure,
other chemical exposures (such as carbon monoxide), temperature, humidity,
workload or pre-existing health conditions.

11 While some of these symptoms are transient or reversible, others appear to
more long lasting.

12 The presence of some of these symptoms (most notably neurotoxicity) in flight
crew has serious implications for air safety.

13 The presence of these symptoms in airline personnel has significant
implications for the health of staff and passengers.

14 The symptoms reported by airline staff in exposure events are sufficiently
consistent to indicate the development of a discrete occupational health
condition. The term “aerotoxic syndrome” is introduced to describe it.
Features of this syndrome are that it is associated with air crew exposure at
altitude to atmospheric contaminants from engine oil or other aircraft fluids,
temporally juxtaposed by the development of a consistent symptomology of
irritancy, sensitivity and neurotoxicity. This syndrome may be reversible
following brief exposures, but features are emerging of a chronic syndrome
following further exposures.

15 One airline (Ansett Australia) admits that exposure events occur, and that
they may be associated with symptoms of toxicity (irritation).

16 Attempts to deal with the problem of exposure events remain reactive and
piecemeal. Reasons for this include:

o) minimal compliance with maintenance requirements (for example, no
consideration is given to the maintenance requirements of ageing
aircraft);

o} attitudes which place pressure to fly aircraft over staff health;

o the unimportance that the airlines give to staff complaints about air
quality.

Aerotoxic syndrome presents significant issues with regard to the health of pilots,
cabin crew and passengers, but most notably with regard to air safety if pilots are
incapacitated and cabin crew cannot supervise cabin evacuations during
emergencies. Health effects include short term irritant, skin, gastro-intestinal, and
respiratory and nervous system effects, and long term central nervous and
immunological effects. Some of these effects are transient, others appear more
permanent. The exacerbation of pre-existing health problems by toxic exposures is
also highly probable.

This is a hidden issue. Staff of the airlines is worried about job security and what
might happen to them if they complain about working conditions and makes their
symptoms public. At present, with only a few cases proceeding in the courts, little
compensation has been awarded to airline workers affected by toxic fumes.
Therefore, staff is reluctant to come forward until their health in jeopardised
sufficiently that they can no longer fly without compromising their health and safety.



INTRODUCTION -

This submission has been prepared for the Australian Parliament Senate Rural and
Regional Affairs and Transport Legislation Inquiry into Aviation It addresses one of
the terms of reference of this inquiry, that of “the examination of air safety with
particular reference to air quality in the cabins of BAe 146 aircraft”.

Specifically, this submission concerns itself with the contamination of the cabin of
the BAe 146 by toxic chemicals and the production of symptoms of toxicity in
exposed airline personnel, both flight attendants and pilots

Personal details of the author of this report are attached at Appendix 1.

CHEMICAL EXPOSURES AT ALTITUDE

Chemical exposures in aircraft are not unheard of. Aircraft materials such as jet-fuel,
de-icing fluids, engine oil, hydraulic fluids, and so on, contain a range of ingredients,
some of which are toxic. For example, the aviation industry has used engine oil,
hydraufic fluids and other materials that contain organophosphate compounds,
including Tricresyl phosphates (TCP), Tributyl phosphates (TBP), Triphenyl
phosphates (TPP) and their derivatives, from 3 to 25% in content. Some of these
have been known to be toxic for many years.1

Although these chemicals are usually retained in the engines and equipment into
which they have been added (such as auxiliary pack units or APUs), they can
sometimes find their way into cabin air where crew and passengers are located,
through incidents such as engine oil Jeaks, seal failures and fluid ingestion by
APU/engines. Further, operational activities, such as APU “pack” burnouts or use of
re-circulated air during take off and landing, can give rise to significant
contamination.

In sore cases, this contamination may be to the materials used in aircraft such as

jet fuel or other materials in vapour, fume or mist forms.> However, effects are also
possible from exposure to combustion or pyrolysis products such as smoke.

Dazens of in-cabin leak/smoke events are documented annually, often correlated to
aircraft fluid leak events. Fume events are much more frequent, correlated to less
important aircraft fluid leaks (in the order of hundreds a year).

For the purposes of discussion below, events leading to leak, smoke or fume
incidents will be combined as “leak/smoke/fume events” or “exposure events’. In
total, aircraft fluid [eak/fume/smoke events are estimated {o impact over 300 flights
per year worldwide, resulting in exposures to an estimated 40,000 or more crew and
passengers.

CARPENTER, H.M, JENDEN, D.J., SHULMAN, N.R, AND TUREMAN, J.R. Toxicology of a triaryl
phosphate oil: | Experimental toxicology. AMA Archives of Industrial Health 20; 234-252 1959

SMITH, L.B., BHATTACHARYA, LEMASTERS, G., SUCCOP, P., PUHULA, E., MEDVEDOVIC, M.
AND JOYCE, J. Effect of chronic low level exposure to jet fuel on postural balance of US Air
Force personnel. Journal of Occupational and Environmental Medicine 39: 625-632, 1997.



The range of bleed air contaminants and their concentrations that may be found
during in-cabin exposure events during flight can be extensive.  Significant
contaminants include: aldehydes; aromatic hydrocarbons; aliphatic hydrocarbons;
chlorinated, fluorinated, methylated, phosphate, nitrogen compounds; esters; and
oxides.

Engineering Considerations in the BAe 146

The BAe 146 was developed in 1973 and designed for short-range transport. It was
first test flown in 1981, and was flying commercially by 1983 (Dan-Air was one of the
first airlines using tins plane). By the end of 1993, a total of 217 BAe 146 aircraft
were in use worldwide, of which 193 were being operated by 59 different airlines.

The BAe 146 is known to have problems with cabin fumes and odours. The plane
has four wing mounted Textron Lycoming turbojet engines (ALF 502R5) engines;
these engines are only used on the BAe 146. Common to many jet engines, these
comprise a high-pressure compressor, the burners/combustion chamber and the
turbine section. The engine on the BAe 146 also has a high-pressure compressed
air bleed from the engine section, which is used for pressurisation and air
conditioning. This air bleed is ducted to the rear of the plane, where it is passed
through to two air conditioning packs. The engines on the left wing of the BAe 146
service air conditioning pack 1 (provides air to the cockpit and passenger cabin) and
the engines on the right wing service air conditioning pack 2 (provides air to the
passenger cabin only).

The BAe 146 also contains a Garrett/Sunstream auxiliary power unit (APU) which
primarily supplies compressed air for ground operation of the air conditioning system
and is also used during take off and landing. Both the engines and APU have been
implicated as sources of the fumes/mists that have entered the flight deck and cabin,
although the engines are considered the main source of the problem.

A schematic of the engine, APU and air conditioning packs is shown in the next
figure.

One engine oil used in the BAe 146 in Australia is Jet Oil ll, a synthetic phosphate
ester product manufactured by Mobil USA and marketed in Australia by Mobil
Australia. Obtaining details about the composition of this product and its safety
information has proved difficult (see Appendix 2).

The compressar section of the engine contains lubricating oils (such as Mobil Jet Qi
II). Engine maintenance manuals note Do not keep the oil on the skin for a long
time. If you do not clean the oil off, the oil can cause injury and Do not let the oil stay
on your skin. You can absorb poisonous materials from the oil through your skin
This suggests that oil is not harmless. This information is obviously aimed at
maintenance personnel, and presumably envisages that no one else will come into
contact with the oil. Further, new notices warning against the inhalation of mists
were added in 1997-8.



Schematic of Air System in the BAe 146
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Sources of Exposure Events on the BAe 146
There are a range of ways in which exposure events can occur.

Leaking oil seals in the compressor section of the engine suggest that oil would
enter the high-pressure bleed to the air conditioning packs and APU, and therefore,
into the passenger cabin. Leaking oil seals leak at different rates and therefore
different planes will have different levels of contamination. The APU also can suffer
from the same problem of leaking compressor bearing oil seals. Filters were
introduced between the air conditioning packs and the cabin distribution outlets
some time after 1992 (and not by Ansett Australia untii much later), but are of
unknown effectiveness if not regularly serviced.

Therefore, one probable source of exposure events is engine oil leaks, which are re-
circulated through the piane in its air conditioning system. These leaks were not
uncommon on this model of plane.

Another source of exposure events, fortunately rare, is an engine fire, leading to
emission of smoke into the cabin. However, with high engine operating
temperatures and leaks of engine materials into the air conditioning system, the
possibility of leaks of partly combusted or pyrolised products into the cabin cannot
be excluded. Exposure incidents that report smoke or black mist may indicate such
events,



In a study of 89 incidents of smoke/fumes in the cockpit during the flight of USAF
aircraft from 1970 to 1980, a broad spectrum of symptoms were reported, including:®

dizzy, light headed 42; | visual acuity 1 10;
irritated eyes and mucous 31; | Parathesias | 8;
membranes g
nausea/vomiting 31; | chest pain, heaviness l 6;
confusion, disorientation, 23; | loss of consciousness | 4;
performance decrement !
| headache 22; | Cough L2

Often more than one symptom was reported

Further, an engineering procedure called a APU Pack Burnout Procedure, by which
the air conditioning system is heated with hot air to remove (burn out) any oil
contamination in the system was used routinely till 1998. This would have produced
substantial exposure to exposed personnel.

Lastly, the emission of oil vapours/smoke/mists into the passenger cabin would
produce contamination of the cabin. Aerosols would settle out onto surfaces, which
would thereafter slowly vaporise, the rate of evaporation being dependent on
individual contaminant vapour pressures. This residual contamination would
continue until cleaned off or unti it had evaporated.

Therefore sources of exposure events on BAe 146 planes may be due to:
oil leaks to the air conditioning system;
smoke from combustion/pyrolysis events;

o]
o

o] contamination following pack burn outs;

o exposures during times when contaminated engines/APU are being used;
Q

residual contamination.

Leaks of engine oil contaminants into the passenger cabin of an aircraft in flight
appear to be a significant problem necessitating a prompt response. It is apparent
that the airlines in Australia knew about the problem from at least 1992 (see
Appendix 3). However, attempts to deal with the situation, such as establishing an
odour committee or “panel of experts” seem to be more about addressing industrial
relations issues, rather than establishing genuine efforts to rectify the problem
through design or engineering solutions.

Issues Related to Vapours and Particulates

Airborne contaminants are generally divided into two types: gas/vapour and
particulates.

Gases/Vapours: A vapour is the gas phase of a liquid at room temperature. That
is, a vapour is that amount of liquid that evaporates into air (or dissolves into air).

: RAYMAN, R.B. AND MCNAUGHTON, G.B. Smoke/fumes in the cockpit. Aviation, Space and

Environmental Medicine 54: 738-740, 1983,



The amount of evaporation is dependent on the individual vapour pressure of the
contaminant. Where vapour pressure is low, only a small amount of the contaminant
will evaporate. Generally, vapour pressure increases with temperature.

Where volatile organic chemicals (VOCs) have high vapour pressures, they will be
present in air in high concentrations, and are amenable to sample collection and
analysis using sorbent or gas collection methods. Where semi-volatile or poorly
volatile chemicals have low vapour pressures, sorbent or gas collection methods are
less useful.

Particulates: These are materials suspended, not dissolved, in air, and include
fumes, smoke, mists, aerosols, dusts, fibres and so on. Particulates may be in liquid
phase (such as mists), solid phase (smokes, fumes and dusts) or mixed phases
(aerosols). Precise criteria for these terms exist based on particle size and phase,
but are unnecessary for the present discussion.

Where a particulate is present in air, the volatile components will evaporate at a rate
dependent on individual vapour pressures. However, depending on the amount of
particulate present in air, it is possible to exceed the vapour pressure of an
individual contaminant. Where a contaminant has a low vapour pressure, particulate
exposure is more important than exposure to vapour.

Therefore, particulates containing a large proportion of volatile components will
evaporate quickly (sometimes even before settling), indicating that the vapour phase
of the contaminant is more important. Particulates containing poorly volatile
components will stay in particulate form for a long time. until gravity or turbulence
causes them to settle. Once settled, particles coalesce onto surfaces, and become
subject to evaporation through vapour pressure. Where evaporative pressures are
low, long term, low-level contamination leading to residual exposures will occur.

Further, because particulates can settle on exposed skin and be subject to
absorption through skin, sometimes after airborne exposure has ceased, it is
important to consider both the inhalational and skin routes when estimating
exposure.

Particulates are not amenable to the same sampling and collection methods that are
required for gases and vapours. They require specialised sampling, usually by
filtration or gravimetric methods. Further, because particulates can exist in different
sizes and diameters, an estimate of that fraction of the particulate that is taken into
the respiratory system may be more critical than an estimation of the total
concentration of particulate.

Consideration of the type of airborne contaminants, whether in vapour, particulate or
mixed phases is quite critical for the success and relevance of a monitoring program

AIR MONITORING STUDIES

During the last fifteen years there has been a number of studies carried out in
relation to oil contaminants entering the cabins of aircraft (see below). Not all of this
research has been carried out on the BAe 146, or in engines containing the oil used
on the BAe 146 (Mobil Jet Gil il). Therefore the usefulness of this information is



limited. Much of this research is not available in the public domain, and it is difficult
to critically examine its findings:

¥

Studies by the US Transportation Board in April 1983 investigated the
potential problem of turbine oil by product contamination of an aircraft's cabin
from a cracked front main shaft compressor carbon seal element in a Garrett

TPE-331 turboprop engine might allow engine oil to leak into the cabin.* This
issue had arisen from several accident investigations. Test procedures were
simulated on the ground using Exxon Turbo 2380 lubricating oil in a Garrett
TPE 331 Turboprop engine on a test stand at the Garrett plant in Arizona in
1981 (two years before the BAe 146 was flying commercially). The study
conciuded that pilot incapacitation from engine oil contamination was without
validity, aithough the extrapolation of ground based studies to flying
conditions is highly dubious. The report noted “the results of the test program
are applicable only to aircraft using Garrett TPE 331 engine compressor
bleed air for cabin environment system.” This engine mode! is not used on
the BAe 146.

A study of the inhalation toxicity of six commercially available products
(including Mobil Jet Oil ) was conducted by the US Federal Aviation

Administration (FAA) in 1983.° This report was linked to the Wizniak 1983
study (see above) and investigated exposure of rats and chickens to
decomposition products. The toxicity endpoints measured were time to
incapacitation or time to death. These are crude measures of toxicity which
do not measure effects such as irritancy or sensitisation. Results suggest that
the toxicity of decomposition products were related to production of Carbon
monoxide. Also, while three products were tested in aerosol exposure
experiments, Mobil Jet Oil Il was not one of the products tested. The results
of this study, again carried out at ground level, provide little about exposures
at altitude, and nothing about exposure to mists of Mobil Jet Oil Il.

A 1989 study by Dickey and Wilson investigated contaminants arising from air
flowing over a vessel of heated synthetic 0il.° The oil was Mil L 23699,
heated at 250°, 450° and 700°F (120°, 230° and 370°C), and from a cabin air
sample taken from an UN-named aircraft over the UK with a “slight odour of
oil". Results indicate that the oil found in the cabin is not chemically altered
from the oil in the engine. This oil is not used on the BAe 146, but serves to
indicate that (at least one) synthetic oil is stable.

WIZNIAK, E.P. Special Investigation - An Evaluation of the Potential for Turbine Oil By-product
Contamination of an Aircraft's Cabin Environmental System. National Transportation Safety
Board, 25 April 1983.

CRANE, C.R., SANDERS, D.C., ENDECOTT, B.R. AND ABOTT. J.K. [nhalation Toxicology: Il
Evaluation of Thermal Degradation Products from Aircraft and Autombile Engine Oils, Aircraft
Hydraulic Fluid and Mineral Oil. Report No FAA-AM-83-12. US Federal Aviation
Administration/US Department of Transportation, Washington, 1983,

DICKEY, T.A. AND WILSON. D.E. Contamination of cabin air by synthetic oil and breakdown
products. SAE Technical Paper, 19th Intersociety Conference on Environmental Systems, San
Diego, California, 24-26 July, 1989.



In 1990, a Discussion Paper on developing a limit for total organic material in
cabin bleed air was prepared for the SAE E31 Cabin Air SubCommittee.”
This paper recognised that “contamination of the cabin bleed air by engine
generated organic material may occur”. Further, it noted various ways of
expressing such contamination, eventually recommending that the maximum
allowable concentration of total organic material should be in the order of 0.1
parts per million by weight, or 0.2 parts per million by volume (0.2 ml/ms).
This is an exceptionally low level, compared with the conventional exposure

standard for oil mist (at 5 mg/m°).

A 1991 microbiological study by Pall Europe of an objectionable odour arising
in the APU of a Dan-Air BAe 146 failed to find anything unusual.® The
authors concluded that the APU related odour was not caused by microbial
contamination.

A 22 July 1991 report prepared by Richard Fox of Allied Signal Aerospace
reports the results of air quality testing for Dan-Air London. This report notes
that "several BAe 146 aircraft are having reports of objectionable odours
described as "dirty socks or musty"." The report also notes that "no
contaminant appeared to be that great, but they do act in synergism and their
combined effect could be enough to trigger the odour complaints".

In 1992, Viadimir Vasak, consultant occupational hygienist to Qantas in
Sydney, investigated APU filter samples and air quality samples from revenue
flights.® There are a number of procedural and methodological problems with
these studies, and in some cases, suitable conclusions could not be made.
However, these studies report oil mist levels in the cockpit of 1.5 mg/ma, and
in the cabin of 1.3 mg/m®, with a similarity between the oil in the cabin and
Mobil Jet ll. The exposure standard for conventional hydrocarbon oil mist is 5
mg/m?, although the applicability of the standard for synthetic oils containing
phosphate esters used in aircraft is questionable (see’). This study is the first
to report oil contamination of the cabin, although no tricresyl phosphate was
detected.

Two 1995 studies conducted by Ansett'® collected air for oil mist assessment
for 15 minutes in a plane on the ground following a report of passenger and
crew vomiting, and for 360 and 497 minutes on later days in other planes on
scheduled services. OQil mist concentration was below the level of
detectability (below 0.02 mg/ma) in all samples. Again, with the exception of a
15 minute sample after a plane had landed after some passenger and crew
symptoms (insufficient for detecting anything other than massive levels of oil)
no monitoring was carried out during an exposure event.

WALKER, P.H. Discussion Paper: Discussion on the Specification Limit for Total Organic
Material in Cabin Bleed Air. Rolls Royce, Williamsburg, 1990.

WILKINS, K AND KENDALL, K. Dan-Air BAe 146 Odour — Microbial Analysis. Pall Europe,
Portsmouth, July 1991.

VASAK, V. Cabin Air Contamination in BAe 146 in EastWest Airlines. Industrial Hygiene and
Environmental Service Laboratories, St lves, July 1992,

CURRIE, K. Oil Mist Assessment. BAe 146 200 Aircraft Rear Flight Attendant Seat. Ansel
Engineering Health and Safety Report, 7 August 1995 and 4 September 1995,



A 1997 report carried out by George Lee of the Queensland Health Scientific
Services actually installed a gas chromatograph on a BAe 146 (all other

studies collect samples for later laboratory analysis).11 Basically, these
analyses report “nothing untoward was detected by the gas chromatograph,
and none of the crew complained of any unusual smell”. Again, this indicates
monitoring was conducted in the absence of an exposure event. Using a
somewhat novel technique, air sampling was also conducted during a pack
burn out, by pumping cabin air through a vessel cooled with liquid nitrogen, in
an attempt to capture everything in the air sample. Subssquent analysis
identified tricresyl phosphate in the sample. The possibility that all other
monitoring studies were unable to detect tricresyl phosphate as the chemical
is poorly volatile, or eludes sorption onto sampler, or for some other reason
makes virtually all monitoring carried out to date highly questionable. A later
report of this study indicates “on one occasion, tricresyl phosphate was

detected at low ppm level in an aircraft cabin during a pack burn”.'* This
again suggests that even in the absence of exposure events, low levels of
tricresyl phosphates are possible.

A report on air quality measurements on BAe 146 aircraft in service at Ansett

Airlines was prepared by Richard Fox of Allied Signal in 25 November 1997."
The investigations tock place on revenue flights on planes with and without
new filters. Planes had levels of contaminants, which were within an order of
magnitude (30-40%) of recommended exposure standards, and above such
values (100-130%) in the aft galley. This finding applied to contaminants with
exposure standards and not to those contaminants that do not have exposure
standards ~ the majority of detected compounds did not have such values,
suggesting that the unacceptability of exposure would have been increased
even further if all contaminants were considered. This report strongly
criticised the practice of pack burnouts, suggesting damage to filters and
increased off gassing of contaminants. Recommendations for suspension of
pack burn outs as an acceptable operation procedure date from this report.
While no tri-orthocresyl phosphate was found, another phosphate ester
Tributy! phosphate was detected. There is some doubt that the monitoring
techniques used in this investigation (summa canisters) could capture poorly
volatile contaminants such as the tricresyl phosphates, and overall, the
monitoring in this study was not associated with a definable exposure event.
Further, in air monitoring for volatile organic vapours, this study notes

concentrations were at, or below 3,000 pg/m3. This is not a concentration

“orders of magnitude” below anything that could be considered a problem, but

is at the lower level of a “discomfort range”.'*

Finally, a report by van Netten on air quality on the BAe-146 carried out air
monitoring on the BAe 146 during non-revenue flights on a plane the day after

LEE, G. BAe 146, Interim Report. Queensland Health Scientific Services, Brisbane, 4 June
1997.

LEE, G. Investigations into Odours in the Cabins of BAe 146 Aircraft. Queensland Health
Scientific Services, Brisbane. 15 December 1997.

FOX, R. Allied Signal, November 1997.

HOLCOMB, L.C. AND PEDELTY, J.F. Volatile Organic Compounds Reported Concentrations
and Criteria for Health and Comfort. Holcomb Environmental Services.



an exposure event. "> The author notes that the problem in this plane relates
to leaks of seals in engine bearings one and nine. The plane used Castrol
5000, which was replaced with Exxon 2380 after the incident (note that Mobil
Jet Qil II was not used in this particular aeroplane). Air monitoring used
techniques for volatile organic chemicals and “potential aerosolised oils”. It is
likely that the day after an oi! fume event that volatile components or aerosol
mists will have dispersed. This proved to be the case.

It is difficuit to extract useful information from these studies. Methodological
considerations indicate that many are flawed. One of the most serious problems is
sample collection for later analysis. [f an exposure event occurred, and a sample of
the cabin air was collected, then any mists in the sample would coalesce to the
surfaces of the sample collector device (such as a bag or canister). The
concentration of the mist would therefore drop dramatically, leaving only a very low
vapour residual. Subsequent extraction of this sample for analysis would be as the
residual vapour, and only very low levels would be measured Any sampling method
that relies on sample collection of an air sample containing a mist, and analysis of a
residual vapour (when all the mist has settled) could underestimate exposure by
orders of magnitude. Virtually all monitoring outlined above which relies on sample
collection for later analysis is severely flawed. Tricresyl phosphates are detected
only in a method where the entire sample is captured and not allowed to disperse

(such as the cryogenic sampling outlined in the Lee studies'"'?).

Therefore, there are methodological problems with these studies:

% the monitoring was carried out using inappraopriate conditions, such as testing
at ground level;

% the monitoring was carried out using inappropriate methods, such as analyses
of samples collected in summa canisters or Tedlar bags, when mists could
coalesce onto the surface of the sample container,

X storage of sample containers was too long (for example, over 72 hours after
sample collection when some compounds could be lost, or semi-volatile
compounds would adhere to the inside of the bag);

% some studies are not relevant to the BAe 146, or to Mobil Jet Oil Il;

% little evidence is presented to indicate if monitoring was carried out after
scheduled maintenance, or seal, oil or filter changes, so it is difficult to assess
whether the monitoring was representative of typical exposures;

most importantly, no monitoring was conducted out at a time when an odour
incident had occurred.

-

A last point should be made, that airborne monitoring ignores exposure from skin
absorption, known to be a significant route of exposure for at least some organic
phosphates, including tri-orthocresyl phosphate.'®

VAN NETTEN, C. Air quality and health effects associated with the operation of the BAe 146-
200 aircaft. Applied Occupational and Environmental Hygiene 13: 733-739, 1998,
HODGE, H.C AND STERNER, J.H. The skin absorption of triorthocresy! phosphate as shown by

radioactive phosphorus. Journal of Pharmacology and Experimental Therapeutics 79: 225-234,
1943,



TOXIC SYMPTOMS FROM EXPOSURE EVENTS

In terms of toxicity, a growing number of crew are developing symptoms following
both short term and long term repeated exposures to leak/smoke/fume events. ™7

Routes of Exposure

In any given exposure event, the magnitude of exposure will be related to the
airborne form of the contaminant, as well as the concentration in air:

o inhalation of vapours, fumes, and mists and smoke is an important route of
exposure;

o exposure of uncovered skin to mists and aerosols is a second, Iess significant
route,

Q ingestion seems an unlikely route of exposure,

Measures of rates of exposure remain problematic. An algorithm has been
developed for estimating exposure from data available on engine oil top up rates,
taking into account factors such as leak flow rate, bleed air flow, re-circulation rates,
oil retention ratios, concentration of contaminants in oil, inspiratory rates, numbers of

passerigers, exposure duration and so forth.'® Worst case calculations using this
model indicate significant exposure to toxic contaminants.

Toxic Symptoms
Symptoms may be possible from single/short term or longer-term exposures.
Symptoms from short term exposure

Symptoms from single or short-term exposures include:

o) neurotoxic symptoms. blurred or tunnel vision, nystagmus, disorientation,
shaking and tremors, loss of balance and vertigo, seizures, loss of
consciousness, parathesias;

o psychotoxic symptoms: memory impairment, headache, light-headedness,
dizziness, confusion and feeling intoxicated;

o) gastro-intestinal symptoms: nausea, vomiting;

o) respiratory symptoms: cough, breathing difficulties (shortness of breath),
tightness in chest, respiratory failure requiring oxygen;

Q cardiovascular symptoms: increased heart rate and palpitations;
o] irritation of eyes, nose and upper airways.

BALOUET, J.-C. AND WINDER, C. Aerotoxic syndrome in air crew as a result of exposure to
airborne contaminants in aircraft.  American Society of Testing and Materials (ASTM)
Symposium on Air Quality and Comfort in Airliner Cabins, New Orleans, USA, 27-28 October
1999.

Balouet, J.-C., Hoffman, H., Winder, C. Aviation and exposure to toxic chemicals. SAE First
World Aviation Congress, Los Angeles, USA, 20-22 October 1999.



Neurotoxicity is a major flight safety concern, especially where exposures are
intense.

One case which supports the problem of neurotoxicity in flight crew occurred in July
1997, when a pilot experienced difficulties (difficulty in concentration and loss of
situational awareness) following the presence of strong oily odours and fumes in the
cockpit while {anding a plane, whereby the pilot had to hand over the plane to the

first officer. This incident was subject of a report to the Bureau of Air Safety.' One
extract of this report is: At 3,000 ft on approach to Melbourne Airport, the pilot
suffered vertigo and handed control of the aircraft to the co-pilot. At the same time a
check pifot suffered from nausea. The incapacitation occurred after the crew smeft
oil fumes in the cockpit air supply. The onboard maintenance record noted that an
oil smell had been reported 23 days prior to this incident, and that the repair had
been noted for repair at company convenience, indicating even in 1997, the lack of
importance that the airlines gave to oil fume problems. The consequences of what
might have occurred if oil fumes had affected two of two pilots, rather than two of
three pilots are unthinkable,

The similarity of the symptoms listed above to complaints of ill health from BAe 146

flight crews in Canada over a four-month penod reported by van Netten'® is quite
striking. These symptoms include:

burning throat ‘ 48; | light-headedness 6,
headache ’ 29; | watery eyes 6;
burning eyes } 27; | gagging and coughing 3;
disorientation 117, | tingling of nose and lips ! 3;
nausea ; 9; | breathing problems requiring | 2;
chest pains [ 7;]oxygen

dizziness . 7, | numbness 2;
sinus congestion | 6; | blurred vision 1.

Symptoms from long term exposure

Symptoms from long term low-level exposure or residual symptoms from exposure
events include:

o) neurotoxic symptoms: numbness (fingers, lips, limbs), parathesias;

Q psychotoxic symptoms: memory impairment, forgetfulness, lack of co-
ordination, severe headaches, dizziness, sleep disorders;

Q gastro-intestinal symptoms: salivation, nausea, vomiting, diarrhoea;

Q respiratory symptoms: breathing difficulties (shortness of breath), tightness in
chest, respiratory failure, susceptibility to upper respiratory tract infections:;

0 cardiovascular symptoms: chest pain, increased heart rate and palpitations;

o] skin symptoms: skin itching and rashes, skin blisters (on uncovered body
parts), hair loss;

31

BASI. British Aerospace plc BAE 146-300 10 July 1997: Preliminary Report 9702276. Bureau
of Air Safety Inspection, 23 October 1997,



o irritation of eyes, nose and upper airways;

o} sensitivity: signs of immunosupression, chemical sensitivity leading to
acquired or multiple chemical sensitivity

o general: weakness and fatigue (leading to chronic fatigue), exhaustion, hot
flashes, joint pain, muscle weakness and pain.

Symptom duration

it is also apparent that some symptoms occur immediately or soon after exposure,
for example, many of the irritant, gastric, nervous and respiratory effects. However,
others, such as nervous system impairment, immunosupression and chemical
sensitivity, develop later, perhaps months after exposures may have ceased
Further, while some of these symptoms are fully reversible, others appear to persist
for longer. Debate is also continuing about the links between exposure and some of
longer-term symptoms (such as chemical sensitivity).

Symptom severity

Symptom severity depends on a number of factors, including the range of
contaminants present, the intensity, duration and frequency of exposure, toxicity of
compounds {expectedly influenced by cabin environment factors such as humidity,
decreased oxygen concentration and contaminants such as carbon monoxide), and
individual susceptibility.

While singleflong term exposure to aircraft engine lubricants and hydraulics
(basically due to their chemical content and possible thermal decomposition
products) is diagnosed as responsible for the reported symptoms, air crew or
passengers exposed to same events or similar doses do not necessarily develop
same symptom severity. The variation in symptoms severity is attributed to
individual susceptibility, may also depend on other potentiation factors, including
prior exposure events.

Aerotoxic Syndrome

The symptoms reported by individuals showing symptoms from exposure events are
sufficiently consistent to indicate the development of a discrete occupational heailth

condition, and the term aerotoxic syndrome is introduced to describe it."® Features
of this syndrome are that it is associated with air crew exposure at altitude to
atmospheric contaminants from engine oil or other aircraft fluids, temporally
juxtaposed by the development of a consistent symptomology of irritancy, sensitivity
and neurotoxicity. This syndrome may be reversible following brief exposures, but
features are emerging of a chronic syndrome following significant exposures.

Other Critical Issues Related to Toxicity of Contaminants at Altitude

While there has been an impressive number of studies attempting to deal with the
BAe 146 exposure event issue, none have been able to deal with all the necessary
methodological requirements for an adequate study. Further, there have been a
number of critical issues that some of these studies have not addressed.



The impact of altitude

A number of studies report that the concentration of oxygen at altitude remains
constant, at 20.9%. This suggests that oxygen levels are unchanged. This is not
true. Basically, as the plane increases in altitude, the atmospheric pressure
declines. While the proportion of oxygen in air remains unchanged, the actual
amount of oxygen in air declines.

Atmospheric pressure at sea fevel is 760 mm Hg, with the corresponding partial
pressure of oxygen in air is 159 mm Hg (20.9% of 760 mm Hg). The minimum O,
concentration for work is considered to be about 136 mm Hg (18 kPa or 18%) O, in

air at sea level.”’ The altitude at which the partial pressure of 136 mm Hg is reached
is also approximately the pressure at which aeroplane cabins are pressurised (an
altitude equivalent to 2,000-2,500 m). Therefore, there is little margin of safety in
people working at altitude, and in many cases, such workers may be beginning to
become hypoxic {see the Figure below, where the area bounded by the dashed
partial pressure of Oxygen in Air curve, and the dotted line representing the
minimum physiological demand line represents the margin of safety at which workers
can be considered to have sufficient oxygen to work safely.

Further, the position of the cabin pressurisation line shows that in some cases,
workers at altitude may not be obtaining enough oxygen for their physiclogical
requirements.

Other problems with lowered oxygen concentrations include changes in sensitivity to
toxic exposures (for example, the toxicity of carbon monoxide is 50% higher at 8000
ft than at sea level), and the possibility that incipient hypoxia may lead to higher
respiratory rates and therefore increased exposure.

Other problems with lowered oxygen concentrations include changes in sensitivity to
toxic exposures (for example, the toxicity of carbon monoxide is 50% higher at 8000
ft than at sea level), and the possibility that incipient hypoxia may lead to higher
respiratory rates and therefore increased exposure.

Therefore tests that simulate conditions but are carried out at ground level are
unlikely to be representative of operational conditions.

0 NOHSC. Exposure Standards for Contaminants in the Occupational Environment National

QOccupational Health and Safety Commission, Canberra, 1995.



Pressures and Oxygen Concentrations at Altitude’
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The impact of physical properties of oil

Another critical factor is the vapour pressure of the oil. The vapour pressure for
Triorthocresyl phosphate is very low, at 0.02 mm Hg at 150°C. It is unlikely to reach
high concentrations in air as a vapour, and therefore unlikely to be toxic as a vapour
The development of inhalational toxicity is more likely to arise from exposure to mists
and aerosols. As noted above, attempts at collecting aerosol samples that coalesce
on collector surface, leaving a residual vapour that is extracted for analysis, severely
underestimates exposure.

CONCLUSIONS

Direct exposure to hydraulics and lubricants are known to be toxic, causing effects
such as blurred vision, disorientation, memory loss, lack of co-ordination, nausea,
that if they occurred in flight crew, are direct threats to flight safety. Further, cabin
air contamination by engine oil and hydraulic fluids is well documented by aircraft
environmental control systems engineers, either as logged incidents, or in
repair/maintenance records. This provides a factual basis that flight deck, cabin
crew and passengers can be directly exposed to trace chemicals on aircraft in
sufficient concentrations to cause immediate to long term symptoms.

Assumptions:

Atmospheric pressure: 101 kPa (760 mm Hg) at sea level

Proportonal concentration of O in air; 20.9% (21 kpa or 159 mm Hg) at sea level)

Minimum O concentration for work: 135 mm Hg (18 kPa or 18%) O, in air at sea level
(Worksafe Australia, 1995).

Aircraft Pressurisation Pressure: Equivalent to an altitude of 2500 m (about 8000 ft).



A nuihber of recommendations, some of which have earlier been addressed by
international organisations, governmental bodies, or industry (airline companies,
aircraft manufacturer) have been made in response to the leak/fume/smoke events
These include:

Q

Design: engine/seal design should be improved, less toxic chemicals should
be used in aircraft operations, operation of ECS to be improved to more
efficiently remove contaminants in normal operations and in abnormal
situations.

Maintenance: improved maintenance procedures should be instituted
{(including consideration of more intense maintenance of ageing aircraft),
inappropriate maintenance and operational procedures (such as pack burn
outs) should be reviewed for effectiveness or abandoned, leak/fume/smoke
contro! procedures should be developed and implemented.

Incident reporting: incident reporting systems should be developed,
implemented and reviewed, especially with regard to under-reporting of
incidents.

Procedures for leak/fume/smoke events: Staff should be advised of
appropriate action to be taken in the case of exposure events, for example:

0 the flight deck to be informed of the safety issues of smoke/fume events,
1 use of oxygen or of blankets as a respiratory filter for smoke inhalation,

{1 advice on recommended medical tests {prompt check of cholinesterase/
carboxyhemoglobin levels),

i medical treatment to include advice regarding the possibility or
organophosphorus paisoning,

I document details of exposure event including duration of exposure,
reported symptoms, number of crew and passengers complaints before
landing,

i inform company management, medical and maintenance divisions of the
incident and associated hazards as soon as is practicable.

Monitoring: Sources of contamination in the cabin environment should be
better identified and evaluated using appropriate sampling and analytical
technologies' for contaminants of known toxicity.

Toxicity: Symptoms that are reported should be documented along with
other relevant factors, such as toxicity as a function of altitude, the possibility
of synergistic or potentiation factors (for example, carbon monoxide, humidity,
hypoxia).

Medical: institute more stringent surveillance programs, illnesses in staff
should be subject to closer medical surveillance, better staff counselling
procedures should be developed, the possibility of an occupational source as
a possible cause of symptoms should be acknowledged.

Most monitoring studies use inappropriate sampling techniques (such as air collection of poorly
volatile contaminants) or inadequate methodologies (such as sample collection time, sample
volume, storage of samples, not taking account of altitude).



0 Inter-company: Companies could pool data to evaluate any possible world-
wide impact.

Attempts by airlines to address this problem through design, maintenance and
operational improvements and through staff support and medical care have not been
successful, and in the main, continue to be reactive and piecemeal.

Obviously, in some cases, options such as improving engine design are not within
the sphere of activity of airline operators. However, the adversarial and acrimonious
manner in which some airlines have pursued workers compensation cases brought
by staff with aerotoxic syndrome indicates a confrontational approach which is
unlikely to be beneficial to all parties in the long term.

These exposures can produce symptoms of toxicity. Symptoms associated with
aerotoxic syndrome clearly include neurotoxicity as neuropsychological effects, as
well as other symptoms typically correlated to chemical intoxication. links between
neurotoxic effects and certain contaminants known to be neurotoxic (such as the
phosphate esters) are suspected.

Aerotoxic syndrome presents significant issues with regard to the health of pilots,
cabin crew and passengers, but most notably with regard to air safety if pilots are
incapacitated and cabin crew cannot supervise cabin evacuations during
emergencies. Health effects include short term irritant, skin, gastro-intestinal, and
respiratory and nervous system effects, and long term central nervous and
immunological effects. Some of these effects are transient, others appear more
permanent. The exacerbation of pre-existing health problems by toxic exposures is
also highly probable.

This is a hidden issue. Staff of the airlines are worried about job security and what
might happen to them if they complain about working conditions and make their
symptoms public. At present, with only a few cases proceeding in the courts, little
compensation has been awarded to airline workers affected by toxic fumes.
Therefore, staff are reluctant to come forward until their health in jeopardised
sufficiently that they can no longer fly without compromising their health and safety.

In workers' compensation court proceedings in Australia. one airline has admitted
that exposure events are significant enough to produce irritation. Debate about
other effects, and about the significance of fong term sequelae continues.
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APPENDIX 2: MOBIL JETOILI =~

Common to many similar products, organic phosphate esters are being used in the
manufacture of fire-resistant hydraulic fluids and lubricants There is some evidence

on the neurotoxicity of jet engine lubricants containing phosphorus additives.?’
Some of this evidence is from animal studies, showing effects on adrenal, ovarian
and testicular function.?

There are two types of organic phosphate hydraulic fluids being manufactured -
phosphate ester oil blends and "pure synthetics". Mobil Jet Il is presumed to be of
the first type.

Mobil Jet Oil Il is a synthetic oil product imported into Australia. The product is not
labelled in accordance with Australian requirements under the Hazardous
Substances Regulation, but probably complies by default.

The supplier's label on the cardboard box the cans are shipped in lists the following
ingredients:

X Synthetic esters

X Phoshoric acid, tris(methylphenyl) ester (CAS No 1330-78-5)
* Benzenamine, 4-Octyi-N-(4-Octylphenyl) (CAS No 101-67-7)
¥ 1-Naphthalenamine, N-phenyl (CAS No 90-30-2)

¥ 1-Naphthalenamine (CAS No 134-32-7)

% 2-Naphthalenamine (CAS No 91-59-8)

% a last entry "ingredients partially unknown" is also present.
The ingredients are not listed by amount present in the formulation.

There are a number of issues relevant to these ingredients:

% 2-Naphthalenamine is better known as the established -carcinogen
B-Naphthylamine or 2-Naphthylamine (similarly 1-Naphthalenamine is better
known as a-Naphthylamine or 1-Naphthylamine);

The Naphthylamines
NH,
QO
1-Naphthylamine 2-Naphthylamine

" CENTERS, P.W. Potential neurotoxin formation in thermally degraded synthetic ester turbine
lubricants. Archives of Toxicology 66: 679-680, 1992.

LATENDRESSE, J.R., BROOKS, C.L AND CAPEN, C.C. Pathologic effects of butylated tripheny!
phosphate-based hydraulic fluid and tricresy! phosphate on the adrenal gland, ovary and testis
in the Fisher-344 rat, Toxicologic Pathology 22: 341-352, 1994.



2-Naphthalenamine (CAS No 91-59-8) is not listed on the 1992 Australian
inventory of Chemical Substances (AICS), and dependent on the amount
present in the formulated product, could technically breach the requirements
of the Commonwealth Industrial Chemicals (Notification and Assessment) Act
1989. However, the Mobil material safety data bulletin for this product notes
that "all companents in this product comply with AICS",

Phoshoric acid, trisimethylphenyl) ester (CAS No 1330-78-5) is better known
as Tricresyl phosphate (TCP) or Tritolyl phosphate. This is a chemical, which
formed from the cresols (an aromatic group of compounds), combined with a
phosphate group, making an organophosphate molecule:

The Cresols
OH OH OH
"0, ©
CH;
CHa
o-Cresol p-Cresol m-Cresol
The Chemical Makeup of Tri-ortho-Cresyi phosphate (TOCP)
4+ OH 4+ OH + (0] = CHy H3C
o CHy O o-pO 1
CHy , {(O)-o0-p-0
o} o
o-Cresol o-Cresol o-Cresol phosphate Triorthocresyl phosphate

Generally, tricresy! phosphate (TCP) normally comprises a mixture of
unspecified o- p- and m-cresyl groups, of which Tri-orthocresyl phosphate
(CAS No 78-30-8, TOCP) is highly toxic, causing irreversible nerve damage.
However, the toxic potential of the other isomers in Tricresyl phosphate
should not be ignored,;

the reasons for inclusion of three Naphthylamine based ingredients in this
product seem obscure. However inclusion of 2-Naphthylamine as an
ingredient in this product seems unnecessary. The presence of Tricresyl
phosphate is for its property as a lubricant and flame retardant. However,
inclusion of a chemical which contains TOCP as a contaminant (Tricresyl
phosphate) also seems unnecessary.

The Classification of Jet Qil Il as a Hazardous Substance

In Australia, classification of materials as being hazardous substances under the
Hazardous Substances Regulation use a list of hazardous substances® and
approved criteria,2* with reference to the list being the primary step.

23

24

NOHSC. List of Designated Hazardous. Substances. National Occupational Health and Safety
Commission, Canberra, 1994,

NOHSC. Approved Criteria for Classification of Hazardous Substances. National Occupational
Health and Safety Commission, Canberra, 1994,



X these processes classify as hazardous substances —
- 2-Naphthylamine (a NOHSC Category 1 carcinogen),
- Tricresyl phosphates, and

- Triorthocresyl phosphate (as Tritolyl phosphate, for its neurotoxic
effects),

* it should be noted that classification for hazardous substances for the
Tricresyl phosphates also have entries for “Tricresyl phosphates containing
less than 1% o-cresol” and “Tricresyl phosphates containing more than 1% o-
cresol’. o-Cresol is a separate compound from tri-orthocresyl phosphate. An
incorrect assumption is made in applying these two entries in the
classification of Tricresyl phosphates because it is assumed that the term
“containing less (or more) that o-cresol’” means “containing less (or more)
than tri-orthocresyl phosphate”. As the amount of o-Cresol in Mobil Jet Il is
not known, these two entries cannot be used in the hazard classification
process, and must not be used in classifying on the basis of tri-orthocresy!
phosphate.

% the Hazardous Substances Regulation also classifies formulated products as
hazardous substances if they contain hazardous ingredients above cut off
values recommended by Worksafe Australia. For 2-Naphthylamine, the value
is 0.01%, for Triorthocresyl phosphate the value is between 0.2% and 1%, for
classification as "Harmful” and above 1% for classification as “Toxic".
Formulated products containing at least these amounts are classified as
hazardous substances which then fall into the requirements of the regulation.

¥ the proportion of ingredients listed as "ingredients partially unknown" is not
known.

It is critical to note that the issue of the classification of Jet Qil Il as a hazardous
substance in Australia requires specific and nonequivocal information about identity
of ingredients and amounts present in the formulated product (neither of which is
easily available).

It should also be noted that cases of exposure on the BAe 146 stilf continue, with at
least one exposure event in 1999.

The Material Safety Data Bulletin (MSDB)

The material safety data bulletin (MSDB) for Mobil Jet Oil 1l is issued by Mobil
Australia, but is based on that issued by the US parent company, in Princeton, New
Jersey, with some minor amendments added locally for Australian requirements. As
such, it is written to the US MSDS requirements and not those required in Australia
under the hazardous substances regulation. However, it is possible that the
information in this document satisfies Australian requirements, again by default.

A range of MSDB have been released over the past decade, with various versions
being issued either in the USA or Australia in 1988, 1992, 1994, 1997 and 1998.
The information is these versions have varied substantially. and in some cases, has
been inconsistent from version to version.



In each version, the MSDB has made the point that the chemical is “safe under
normal conditions of use” but does not provides an opinion of safety under
conditions that are not normal. The MSDB further recommends the use of
respiratory protection in exposures and cholinesterase monitoring for cases of
overexposure.

The 1998 MSDB ciassifies Jet Qil Il as being non-hazardous in Australia. This entry
is incorrect. This MSDB contains an entry which identifies a specific ingredient by
name and CAS Number, and by amount present, as:

CAS No 1330-78-5 Tritolyl phosphate 1-5%

This exceeds the cut-off concentration for this ingredient (of 1%) stipulated in the
Designated List of Hazardous Substances for classification as “Toxic” (and
hazardous).

The Label

As a result of this incorrect hazard classification, the MSDB also includes incorrect
risk and safety phrases:

R40 Possible risk of irreversible effects.
R20/R21/R22 Harmful by inhalation, in contact with skin and if swallowed.

A product containing more than 1% Tritolyl phosphate should contain the risk
phrases:

R38 Danger of very serious irreversible effects.
R23/R24/R25 Toxic by inhalation, in contact with skin and if swallowed.

These are significant differences, and serve to show that users of Mobil Jet i may be
unaware of the significance of the material they are using, and serve to illustrate why
staff in the Airlines continue to be misinformed about the hazard of this material.
Other parts of the MSDS, such as “This product is not expected to produce ... effects
under normal conditions of use and appropriate personal hygiene practices”
perpetuates the notion that Mobil Jet Oil Hl is not a harmful material.

Further, these risk phrases are not specific inclusions on the label, as required by
the hazardous substances legislation in Australia.

The label for the pre-1998 container contained the following risk and safety phrases

Caution: Avoid spilling on insulation. plastic, rubber or paint
Warning! Contains Tricresyl Phosphate.
Produces paralysis if taken internally.

Do not use as medicine or food product.

Wash thoroughly after handling.

The label for the post-1998 container contained the following risk and safety
phrases:

Avoid spilling on insulation. plastic, rubber or paint



WARNING!
Contains Tricresyl Phosphate.
Swallowing this product can cause nervous system disorders, including paralysis

Prolonged or repeated breathing of oil mist, or prolonged or repeated skin contact
can cause nervous system defects.

PRECAUTIONS:

Never swallow. Wash hands after handling and before eating. Never use in or
around food. Avoid prolonged or repeated overexposure to skin or lungs.

FIRST AlD:

If swallowed, seek immediate medical attention. If medical attention is delayed,
induce vomiting. In case of contact, wash skin with socap and water. Remove
contaminated clothing.

FOR INDUSTRIAL USEE ONLY

Not intended or suitable for use in or around a household or dwelling. Never use
empty container to carry water or food. Do not cut or weld on empty container.

(In thirteen languages) When using do not eat, drink or smoke. After contact with
Skin, was immediately with plenty of soap and water.

The change in warning information in the two labels is quite significant. While the
general meaning of R39 may be covered by the specific risk statements on the post
1998 label above, the classification of “Toxic” (R23/24/25) is absent. Indeed, in the
European Community, the toxic classification is required to be accompanied by a
pictogram of the skull and crossbones (not mandatory in Australia).

No reason was given to maintenance workers handling Mobil Jet Il for the new label
when it was introduced in 1998.

Discussions between the National Occupational Health and Safety Commission and
Mobil Australia about labelling and MSDS issues were initiated in 1999.



APPENDIX 3: HOW LONG HAVE THE AIRLINES KNOWN ABOUT THE
PROBLEM OF EXPOSURE EVENTS ON THE BAE 1467

Documentation, some of it confidential, has been provided to the author indicating
that the airlines in Australia were aware of the problem of exposure events on the
BAe 146 from at least 1991. The likelihood that other documentation exists is highly
probable:

% A 10 July 1991 letter written by Mr RW Sands, Services Support Manager,
British Aerospace, to Mr J Nicholson, Engineering Manager, East West
Airlines, provides an update on the BAe 146 APU smell problem. This letter
also notes that problems are reported in another airline, Dan-Air.

A July 1991 letter written by Mobil Australia notes that Mobil Jet Qil Il does
not pose a problem in normal use, a position taken in virtually all subsequent
correspondence. The application of this phrase in unusual working conditions
seems dubious: a seal leak could hardly be considered a “normal use’.
Further, a pack burn out would not be considered a "normal use”.

% A 22 July 1991 report prepared by Richard Fox of Allied Signal Aerospace
reports the results of air quality testing for Dan-Air London (see above). Here
is a report of odour problems of another airline flying the BAe 146.

¥ A 3 July 1992 circular to all LAMEs employed at Ansett written by Chris Ryan
of the Australian Licenced Aircraft Engineers Association makes a number of
important points:

-

¢ “The Association is concerned at the potential health and safety risks
involved in carrying out pack burn-outs on the air-conditioning systems
on the BAe 146 aircraft";

¢ the circular advises that members should utilise on board oxygen
"during the phases of the pack burn outs when vapour/mist is
produced";

Y A 7 August 1992 circular written by Mr Ken Crawford, Assistant General
Manager, EastWest Airlines makes a number of important points:

J "The issue of odour on the BAe 146-300 series is of course a world-
wide problem with similar occurrence in other airlines operating this
type and series aircraft." This is a clear admission that EastWest knew
about this problem from at least that time;

. “the results of four independent overseas research reports into cabin
odours and our own air sampling conducted on EastWest aircraft by Dr
Vasak" indicates significant activity investigating this problem. These
repoits have not been made available to those workers who are
exposed to cabin odours;

¢ "major equipment modification and operating procedural changes have
been made to the APUs and air conditioning systems", and the
availability in November [1992] of totally new prototype air filtration
units" indicate that changes in the planes were made in an attempt to
deal with this problem;



¢ an intense occurrence of odour in a flight from Sydney resulted from a
seal failure.

A 16 May 1992 letter written by Mr Viadimir Vasak, occupational hygienist
with Qantas, Sydney, advises that personnel exposed to oil fumes should be
sent for cholinesterase monitoring.

In a later circular (18 August 1992) Mr Crawford notes:

. the development of the new filtration unit was running to schedule;
. that the first units would be available in November 1992; and
* that the Mr Alan Harrison (General Manager - Technical, Ansett

Australia) and John Playford (of the FAAA) were departing to the UK
for discussions about the new filtration unit.

In flight health surveys throughout 1992 reported problems of odours in flight.
In some cases, these report passengers and flight attendants vomiting, and
flight attendants with visible signs of sickness (such as sore eyes, bad heart
palpitations, headaches, fatigue, and nausea).

Ansett were aware of monitoring results in other airlines and then their own
commissioned monitoring from 1992.

Ansett were also aware that new filtration systems which could reduce odours
were available in 1992, however, the urgency in which Ansett Australia gave
to this matter could hardly be considered speedy. A 14 July 1995 circular
from Ms Jennifer Shepperd, National Manager Flight Attendants, Ansett
Australia to Cairns and Perth Crews notes:

. "JJJ is at present in the hangar having major work on the engines and
will be back on line with new filtration units". This was nearly three
years after the initial circular, and two and a half years when the
filtration units were said to be available;

¢ “air testing will continue to plan and the results analysed". Again the
results of this testing has not been made available.

An incident occurred in 1994, where three flight attendants became quite ill
(all three eventually gave up flying).

A 28 March 1996 internal memo from Mr P Symons to Mr § Murphy (both at
Allied Signal) prepares a message for the Ansett Cabin Odour Study, noting
out of 77 flights in and out of Cairns over seventeen months (from November
1994 to March 1996) there were 49 flights on which fumes and/or smells were
reported, and 42 flights on which crew reported sickness.

Ansett formed a BAe 146 Odour Enquiry Committee from at least 1996. As
part of the process of obtaining information about fume incidents, a fume
report form was generated. Ansett BAe 146 Fume Occurrence Report Forms
from 24 March 1996 to 11 February 1998 indicate:

o they were submitted from fifteen BAe 146 aircraft - JJ# aircraft are BAe
146 200 series and EW# are BAe 146 300 series aircraft operating in
Australia,

. 92 reports were submitted from 68 cabin crew, 10 flight crew and 5
passengers at a rate of about 17-19 a month,
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59 reports were about odour problems and 77 reports noted symptoms,

Plane ID Odour Symptoms [ Comments
EWI 3 5 "Crew felt dizzy by end of 4th leg"
EWM 4 11 "Cabin filled with smoke on pushback.

Controfled evacuation”

EWR

"dizzy on descent”

EWs

Captain on 05 a/c grounded

JJI

JUK

JJP

JJQ

JJS

T

JJu

JJW

"Purser still off flying"

JJY

Unidentified (or
EW or JJ)

*

alalalnlo|lo|olols|s] ofw
wlol~|=i~lw[alolaln] N

while the significance of these reports can be debated, the number of
reports indicates a serious and persisting problem, and some of these
reports (captain on O, while landing, crew reporting dizziness and
evacuation when cabin filled with smoke on pushback) can be regarded
as highly significant in terms of health and/or safety;

Throughout this period, Ansett Engine Defect Reports note -

*

*

*

®

"oil in cabin"

"smoke in cabin”

"cabin filled with smoke"
“oil smell in cabin”

Defect reports also not the possible cause of such problems as -

®

*

*

.

*

.

"flattened no 2 bearing package gaskets"
"blow out of thermocouple gasket"
"external surfaces of APU were very dirty indicating a hot gas leak"

"evidence of oil leakage in seal housing, the seal carbon was not
damaged or cracked, however when the seal was pushed into the
housing it tended to stick, causing the carbon seal to 'hang' in the
housing"

"leaking front compressor bearing oil possibly due to stiction",
"Oil smell/smoke in the cabin is a well documented defect”

A 26 March 1996 circular from Ms Jennifer Shepperd, National Manager
Flight Attendants, Ansett Australia notes "extensive air sampling, testing and
analysis were undertaken over a long period of time by an independent
consuitant and the NSW WorkCover Authority." A 12 January 1998 letter
from Mr Graham Saunders, Co-ordinator Chemical Safety Unit, NSW
WorkCover to Mr L Cox of the AFAP notes "A number of years ago we carried
out sampling for oil mist in this model! aircraft but found only a low levels of



contamination. The testing was not carried out in flight and the comment was
made at the time that the contamination is spasmodic so the results of our
testing may not necessarily be representative of actual situations". This
suggests that its authors did not share Ms Shepperd's belief in the results of
such monitoring.

In 11 April 1997, a letter from Mr PO Clark of Mobil to Mr Trevor Jensen,
Generaf manager, Operations at Ansett Australia provides advice that Mabil
Jet Oil Il is not toxic under normal conditions of use. A similar letter was sent
to Barry Lodge at National Jet Systems, the other airline using BAe 146
aircraft on 25 August 1997.

In April 1997, a Brisbane crew walked off a BAe 146 after suffering extreme
nausea and vomiting.

An April 1997 Mobil customer service Request Internal Report from Mr Martin
Webb (EH&S Manager) notes “a problem may emerge with Mobil Jet Il with
Ansett as a confidential air safety report has been submitted to BASI and
there is the potential of the FA union to biackban the aircraft”.

An April 1997 Aviation Medicine Advisory Circular (No 47), prepared by Dr
Dai Lewis, Medical Director, Occupational Health Department, Ansett
Australia also discusses BAe 146 Cockpit Odours. This circular notes that
two, possibly three, BAe 146 Technical Crew, have experienced the symptom
of vertigo. The loss of ability to fly an aeroplane because of symptoms which
can influence ability during flying is a serious safety issue and an advisory of
this nature seems appropriate. However, rather than explore the issue in
some depth, the advisory discusses clinical causes of vertigo, and indicates
that there is no known toxicological agent that produces vertigo. However,
the circular ignores symptoms other than vertigo, and the possible safety
implications of pilots affected by fumes.

In April 1997, Ansett Engineering revised the instructions for air conditioning
pack burn outs. These new procedures:

. had to be carried out after the last flight of the day or at least one and a
half hours before crews attended aircraft for the first flight of the day,

. had to be carried out every day;

. no person was allowed to be on board during the procedure except the
person carrying out the task (usually the pilot);

. all doors and cockpit windows were to be kept open (except the front
passenger door leading to the air terminal if the plane was parked at an
aerobridge);

. the procedure was to be continued if an oil smell was detected;

o the procedure had to be recorded in the maintenance log;

. signoff time was fifteen minutes after completion of pack burnout.

This suggests that previous pack burn out procedures were considered
problematic.

A 15 April 1997 Circular to all pilots from Captain Trevor Jensen, General
Manager - Operations, Ansett Australia notes "Queensland Department of
Health have an air sample machine that may be able to assist in the



identification of the odours and officers of that Department will be flying with
us over the next few days with a view to taking air samples" (see above);

In August 1897, Ansett and National Jet Systems agree to share information
relating to the oil mist problem;

Ansett Flight Attendants Department began issuing a BAe 146 Updates.
Update No 7 (November 1997) notes that "the procedure of a daily pack burn
will cease from Wednesday 24 December 1997." The update also notes that
pack burn outs will continue to be carry out, "when an odour is reported” but
only "in conjunction with changing the air conditioning filters”,

Ansett Australia convened an "Expert Panel of Specialists for the BAe 146
Odour Occurrences”. The panel reviewed information supplied by Ansett
(including the studies outlined above). On the 25 March 1998, this panel
prepared a draft "Consensus Statement" which states, among other things:

¢ "The panel ... is of the opinion that the air conditioning contaminants at
the levels detected for both in flight and the worst case scenario of
'‘pack burn-offs' will not cause long them health effects";

. "The panel accepts that the short term symptoms associated with
odours that have been reported on the BAe 146 and other types are
substantiated. These have generally been linked with inadequate
ventilation and with aircraft system defects";

¢ "Contaminant levels were found to be well below internationally
accepted occupational health standards™;

The status of the draft consensus statement remains unclear, and it is not
known if it has been finalised, and apparently has not been signed by all
parties. However, the draft consensus statement:

° notes the presence of symptoms of exposure in Ansett BAe 146 crew at
measured exposures within recommended exposure standards;

. ignores the evidence of the development of long term health effects
from exposed individuals such as Flight attendants Ms Leanne Chew
and Ms Judy Cullinane and pilots such as Ms Leanne Harper with
chronic symptoms and development of chemical sensitivity;

¢ ignores aspects of dose response and the definition of exposure
standard (see Appendix 4) and exposures to mixtures of chemicals
(Appendix 5) and makes assertions about "internationally accepted
occupational health standards” that not even a government agency
such as the National Occupational Health and Safety Commission
support;

. contains a statement of absolute certainty that the panel considers that
exposure events have occurred, and that the cause of these events
was problems with the BAe 146;

A 16 April 1998 operational notice written by Kingsley Hughes, Chief Pilot
BAe 146, Ansett Australia, outlines recommended practices for engine/APU
selection during flights and suggests that if there is an incident of odour or
fumes, that pilots experiment with engine/APU configuration not to reduce the
intensity of exposure, but to find the source of contamination - "should an



aircraft develop a Cabin Odour or Fumes incidence, endeavour to vary the
switching arder in an endeavour to localise the source." A similar operational
notice was made to National Jet pilots in August 1997,

in November 1998, a new directive regarding medical examinations of staff
affected by fumes was issued by Dr Dai Lewis.

On 27 January 1999, after another oil fumes incident in Cairns, a Safety
Bulletin was issued by Mr Pieter Rienks, General Manager of the Safety
Department of Ansett Australia, noting that “Ansett Engineering, in conjunction
with the manufacturer, will accelerate a preventive maintenance program to
substantially reduce the incidence of oil leaks.” Even seven years after
Ansett became aware of the problem with oil fumes and mists in the BAe 146,
documentation is available to suggest that a preventive maintenance program
was not yet suitable that its introduction had to be accelerated.
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GENETIC CONSULTING AND.TESTING

Consistently going further to reveal the hidden evidence

2-Aug-99

The Secretary,

Senate Rural & Regional Affairs & Transport References Committee,
$G.62

Parliament House,

Canberra ACT 2600

Dear Mr. Snedden,
I am accepting the invitation to make a submission in regard to the “Inquiry into Airspace
2000 and other related issues”.

My comments relate solely to part (d) the examination of air safety, with particular reference
to cabin air quality in BAE-~146 aircrafi.

Thank you for offering me this opportunity.
/

Dr. Judith Ford
CEO & Chief Scientist
Genetic Consulting & Testing

Genetic Consulting and Testing Pty Ltd ACN 067 111237 Postal Address Box 210 Port Adelaide South Australia 5015
Address 8 Butler Drive (Hendon Common) Hendon South Australia
Telephone 06 8244 3402 Facsimile 08 8244 3407

www.gcat.com.au


http://www.gcat.com.au

GENETIC CONSULTING ANDETEST!NG

Consistently going further to reveal the hidden evidence

INQUIRY INTO AIRSPACE 2000 —
(D) CABIN AIR QUALITY IN BEA-146 AIRCRAFT

My name: Judith Helen Ford

Qualifications: BSc with first class Honours in Genetics, University of Sydney, 1967
Ph.D in Genetics, University of Sydney, 1971
HGSACC (Certified Cytogeneticist, Human Genetics Society of
Australasia, 1964

My Company: Genetic Consulting & Testing (GCAT) Pty Ltd.
Accredited Pathology Authority, Accredited Pathology Laboratory
{under Medicare Act), NATA accredited.

Interest in this Inquiry:
Background;

GCAT frequently performs chromosomal tests on the blood of persons
who are suffering from a range of debilitating ilinesses whose onset
have been attributed to one of more exposures to a genotoxic agent.

Genotoxic agents are commonly radiations or chemicals that are known
to alter DNA (mutagens), break chromosomes (clastogens) or cause
disturbances of cell division leading to changes in chromosome number
(aneuploidogens).

There is considerable literature identifying certain substances as
genotoxins. There is also a significant body of knowledge that links
chromosomal changes to cancers, congenital abnormalities, miscarriage
and infertility. It is well established that chromosome abnormalities can
survive in lymphocytes many decades after the exposure to the
genotoxic agent.

It is also well recognised that individuals differ in their ability to
withstand exposure to genotoxic agents. This difference is largely
genetic but is influenced by diet.

Genetic Consulting and Testing Pty Ltd ACN 067 111237 Postal Address Box 210 Port Adelaide South Australia 5015
Address 8 Butler Drive (Hendon Common) Hendon South Australia
Telephone 08 8244 3402 Facsimile 08 8244 3407

www.gcat.com.au
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GENETIC CONSULTING AND

Our Investigations:

TESTING

Consistently going further to reveal the hidden evidence

We have recently published a manuscript entitled “Sporadic
chromosome abnormalities in human lymphocytes and previous
exposure (o chemicals”, Cytobios 96: 179-192, 1998

In this manuscript we establish that “detection of 0.38% or more,
structural abnormalities (of chromosomes) was 27.2 times more likely
in exposed persons than in controls. The finding of a single autosomal
trisomy (a gain of a chromosome other than an X or Y chromosome)
was 14.4 times more likely in exposed persons”. Trisomy of the X
chromosome (one extra X chromosomes in one or more cells) was 5.06
times more likely in exposed women, aged 31 or older than in non
exposed women, despite the fact that sex chromosome aneuploidy
increases with age in all women,

To our knowledge there is no other human cytogenetics laboratory in
Australia that has demonstrated any knowledge or expertise in the area
of mutagenesis. By comparison, my own interest in mutagenesis,
especially in aneuploidy, is internationally recognised.

Studies on Cabin Crew and Pilots from BAE-146

Specimens of blood were received by GCAT from persons identified as
Susan Michaelis, Leanne Harper, Lesley Williams, Judy Cullinane and
Robyn May. The details of the referrals and the results are given in the
following Table.

Genetic Consulting and Testing Pty Ltd ACN 067 111237 Postal Address Box 210 Port Adelaide South Australia 5015

Address 8 Butler Drive (Hendon Common) Hendon South Australia
Telephone 08 8244 3402 Facsimile 08 8244 3407
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GENETIC CONSULTING AND.TESTING

Consistently going further to reveal the hidden evidence

Our Interpretation:

If each of these persons had been referred separately, we would have
concluded that both Michaelis and Cullinane had evidence of significant
exposure to clastogenic and/or aneuploidogenic chemicals. We would have
concluded that May had results compatible with accelerated ageing that might
be due to chemical exposure.

The finding of notable disturbances in three people from the same environment
is compelling evidence that there was significant toxic exposure.

The absence of findings in the other two persons could be explained either by
sampling error (we did not happen to detect abnormal cells because of the
relatively small number of cells sampled) or that the two people did not have
chromosome abnormalities. In our experience of repeat analyses (see
Cullinane’s results as an example), these results are most likely to mean that
these two people do not have chromosome abnormalities. The finding of
chromosome abnormalities is influenced by three factors. (1) The exposure
(2) The person’s genetic make-up and (3) The person’s diet at the time of
exposure; some foods are known to be protective.

Our Conclusions:

The chromosomes analyses performed on these 5 persons show evidence of
exposure to significant levels of chemical toxins, sufficient to cause grave, short
and long term health consequences.

Genetic Consulting and Testing Pty Ltd ACN 067 111237 Postal Address Box 210 Port Adelaide South Australia S015
Address 8 Butler Drive (Hendon Common) Hendon South Australia
Telephone 08 6244 3402 Facsimlle 08 8244 3407

www.gcat.com.au
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THE UNIVERSITY OF BRITISH COLUMBIA

Department of Health Care and Epidemiology
Faculty of Medicine

Mather Building, 5804 Fairview Avenue
Vancouver, B.C. Canada V6T 1Z3

Tel: (604) 822-2772
Fax:(604) 822-4994

August 17, 1999,

The Secretary

Senate Rural and Regional Affairs and
Transport References Committee
5.G.6Z Parliament House
CANBERRA ACT 2600

Dear Sir/Madam

I have been asked, by a variety of sources, to make a submission to the
"Inquiry into Airspace 2000 and Related Issues" .

As my expertise and experience is related to the operation of the BAe-
146 aircraft, my submission will deal with item (d) of the list of matters to be
investigated by the committee i.e. "The examination of air safety, with
particular reference to cabin air quality in BAe-146 aircraft."

My submission is based on 5 scientific articles (attached) that I have
authored, 3 of which have already been peer reviewed and have been
published, 2 articles are currently under review for publication. The last two
are stamped confidential and cannot be released until these have been
accepted for publication.

My observations, concerns, and conclusions are clearly identified in
these articles and can be summarized as follows:

The engines used by the BAe-146 aircraft appear to have an inherent
problem with leaking oils seals, specifically in the compressor section of the
engine at bearing locations 1 and 9.

Bleed air, used for pressurization of the aircraft, from the compressor
stage of the engine can become contaminated with engine oil constituents.
The temperature of the bleed air can be in€xcess of 500° Celsius. At this
temperature any oil constituents will pyrolize resulting in smoke formation.
The presence of smoke in the cabin has been well documented in these
aircraft.

The constituents of the oil at normal temperatures and at elevated
temperatures ( in excess of 500°C) are not fully disclosed by the manufacturer
for the former and are not known for the latter.



My research indicates that all engine oils tested to-date contain, among
many other compounds, tricresyl phosphate (TCP) isomers. Tricresyl
phosphates have been associated with neurotoxic properties. The American
matrial safety data sheets (MSDSs) do identify TCP isomers as a constituent
whereas the Australian MSDS i. e. for Mobil jet oil II, for instance, does not
specify these as constituents.

Pyrolized oils release a large number of constituents into the air
including TCP isomers. It has been argued that these compounds have low
volatility i.e. they do not evaporate readily and likely would condense out
when cooler surfaces are encountered such as throughout the aircraft
ventilation system, making the exposure unlikely. My laboratory research
indicates that these compounds are found in the air at room temperature. A
possible explanation is that these isomers condense out on smoke particles
which travel through the air allowing exposure to occur at normal cabin
temperatures. To date no actual inflight data during incidents of smoke in the
cabin have either identified or eliminated the presence of TCP isomers.

Pyrolysis of these jet engine oils under laboratory conditions also will
release substantial amounts of carbon monoxide (CO). Some of the symptoms
reported by flight crews experienced during an in flight incident appear to be
consistent with CO exposure. Again the presence of CO during an in-flight
incident has not been clearly confirmed or eliminated. As CO exposure can
have acute effects on flight crew performance with potential serious
consequences, monitoring for this agent on an on-going basis is a priority
until enough in-flight incidents have been captured to either eliminate or
identify this agent as a problem.

As noted in my papers I have also investigated the constituents of
hydraulic fluids used in aircraft. Under certain conditions hydraulic fluid can
enter the ventilation system through a number of ways including the
auxiliary power unit (APU) and expose flight crew and passengers to their
components. Although pyrolized hydraulic fluids do not appear to be as great
a source of CO, they are a source of air contamination and their constituents
are likely to gain access to cabin air directly or through their association with
smoke particles similar to engine oils. Again this potential route of exposure
needs further experimental clarification during actual in-flight conditions.

If further clarification of this submission is required, or if I can be of
assitance to the inquiry, do not hesitate to contact me.

Yours sincerely

P W2y~ g e : z : — '
. van Netten, MSc, PhD,
Associate Professor and Head

Division of Occupational and
Environmental Health,



Air Quality and Health Effects Associated with
the Operation of BAe 146-200 Aircraft

Christiaan van Netten

Deportment of Health Care ond Epidemiology, University of British Columbia, Jomes Mather Building, 5804 Fairview
Avenue, Vancouver, British Columbis, Conada V6T1Z3

Poor air guality and health complaints from flight crews operating
BAc-146 aircraft, requiring admission to emergency departnents on
several occasions, led to an investigation into the source of these
problems. Health complaints could be classified as those consistent
with exposure to carbon monoxide, respiratory irritants, and possible
neurological agents. Cabin air is bled off from the engine's combus-
ton air, passes through a catalytic converter to clean the air from oil
contaminants, is cooled from 550° to 50°C, and enters the cabin after
it passes through an airpack unit which conditions the air as appro-
priate. Excessive oil leakage from oil seals overloaded the catalytic
converter, allowing smoke and lubricating oil components to enter
the cabin. A complaint aircraft air, during a test flight, was found to
contain oil contaminants including siloxane lubricating oils, as well as
methylated propane and butane ester derivatives. Tricresyl phos-
phates, known to be neurotoxic, were identified in bulk oil samples,
but could not be demonstrated in the cabin air. Air quality measure-
ments in a problem aircraft tested on the tarmac indicated carbon
monoxide at 3 ppm and carbon dioxide at 900 ppm. Air quality
measurements during normal commercial flights of three noncom-
plaint aircrafi (two BAe-146s and one de Haviland Dash 8-100)
showed no detectable levels of carbon monoxide, 800 to 2700 ppm
for carbon dioxide, and 19.6 to 21.9 percent for oxygen. Carbon
dioxide and oxygen levels wauld change predictably during takeoff
and landing for the fonmer and presitirization and depressurization for
the latter. Carboxyhemoglobin levels in four individuals admitted to
emergency departments ranged from 0.7 to 2.0 percent. Since no
direct carbon monoxide measurements were available during these
incidents, it was recommended that potendal problem aircraft be
equipped with datalogging carbon monoxide monitors to identify or
eliminate carbon monoxide exposure as a problem. van Nemen, C.. AR
QuauTy ane Heal™H EFFECTS ASSOCIATED witH THE OpeRanON OF BAE 146-200
ARCRAFT - A, Occup Envion, HYG, 13{10):733-739; 1998 € 1998 AIH.

omplamnts of 1ll health from flight crews operaung the

Bnush Aerospace BAe-146 senes aircraft, followed by
threats of a walkout, mitiated an investigation into the com-
plaints and the history and operauon of these aircraft.

The aircraft was conceived in 1973 and designed for short-
range transport In 1981 it was test flown and acquired the
name “the quiet trader” as a reflection of the quiet operation
of its four turbofan engines.'"? At the end of 1993 a total of 217
BAe 146 aircraft were in use worldwide. Of these, 193 were
being operated by 39 different airhnes; 19 by manufacturers.

brokers. and leasing compames; 4 by a number of govern-
meats; and 1 by a private operator.® The majonty of these
aircraft (199) are propelled with four Textron Lyconung tur-
bojet engines (ALF 502R.3). These enganes are not used i any
other aircraft. A total of 18 aircraft are outfitted with the LF307
engines, but none of these are operating 1n Canada.

As with other aircraft, the ventilanon and heaung system 1s
dependent on the engines for the in-flight cabin air, which 1
bled off trom the compressed combustion air just prior to the
combustion chamber at locaton E in Figure 1 At this point
the temperature of the air 15 m excess of 500°C and nomally
contans nunor contanunants from the upstream engine lubn-
cation system. For this reason the BAe-146 aircratt also makes
use of catalvuic converters, situated on the engines, which are
responsible for converung any oil contaminant in the ar
destuned for the cabm to carbon dioxide. water. and mtrogen.
The air then passes through a heat exchanger. located in the
engine pylons, which cools the air to around 200°C before 1t
1s ducted through the spine of the aircraft to the rear into an
arpack umt There are separate airpack units for the nght and
left sides of the aircraft The airpack umts condition the air
before it 1 ducted into the cabin at temperatures between 50°
and 60°C. depending on requirements Engine air 15 also used
to contro} the pressure within the aircraft.

In addinon, there 1s an auxiliary power umit (APU; Allied
Signal 36-100 or 36-130) sitated in the tail sectnon of the
arrcraft, which 15 also jet powered and provides electncal
power to the aircrafc when operating on the ground. On the
ground and dunng takeoff, when combustion air cannot be
spared from the engines. the APU 1s also responsible for the
cabin air Under these conditions cabin air can become con-
ramunated from external sources such as engne exhaust when
the APU 15 operanng when taxnng at the airport or while
waiung i kne for takeoff behind other aircraft

Under normal conditions. when the venulation system 1
switched on. there usually 1 2 momentary smell that disappears
within seconds and which n consistent with the operavon of
most air venulation systems. The flight deck has control over
the cabin air and can choose which airpack to use and whether
to use 100 percent fresh air or recirculated air. The latter 1s
generally 2 mix of 40 percent recirculated and 641 percent fresh
ar.

In the past there have been sporadic complamnts from thght
crews of some BAe-146 aircraft operaung 1n Canada regarding
poor air quahty. Although a nonsmoking policy has been
place for several vears. the number of complaints has increased
dramatically since January 1996 and appears to be coincident
with the aircraft company switching the aircraft jet engine oil
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FIGURE 1. Simphified diagram of the trbo ALF 302R 5 wrbojet engine showing the general locanion of beanngs 1 and 9 and the source of cabin
air contapunation due to leaking oil seals. (Adapted from Textron Lyconung. ALF 502, Student Workbook, pp. 1- 8, Engine Beanng Locations.)
Aur enters the engane at location A and is compressed by the turbofan (B), allowing most of the air to bypass the rear section of the engine at
C Some air 1s funneled into the engine and 1s further compressed by the compressor blades at D. Some air 1s diverted 1nto the catalytic convertor
{E before 1t 1s directed toward the cabin, Highly compressed air 1s forced into the combustion chamber (F), where it 1s nuxed with fuel from
the tuel supply (G) and 15 combusted. High pressure exhaust gases exit the engine. passing the wrbine blades at H. dnving the engine Improper
seals at the locations of bearings 1 and 9 allow oil constituents to enter the combustion air at I and J. respectivelv. contaminatng the air destined

for the cabin.

from Exxon 2380 to Castrol 5000. Since then, the air quality
complaints have been traced to leaky oil seals associated with
bearings 1 and 9 of the jet engines (Figure 1), Once the source
of air contaminants was known, a rigorous daily mspection
regime was initiated, followed by immediate replacement of
the oil seals if this was indicated. This approach prevented
some, but not all, exposures. Although there were health
complants prior to the oil switching, the complaints appeared
to be more numerous after this had taken place, and a vanery
of symptoms have been reported ranging from itchy. red eyes
to thght attendants requiring oxvgen dunng flight followed by
adnussion to the local emergency department at the port of
arnval. The complaints appeared to be more frequent among
fhght avendants than among pilots.

Ths article reports on the health complaints by the flight
crews as well as the findings regarding air quality measurements
taken during flight and test conditions of two of the aircraft
that had expenienced ol seal failure. It also reports on the
problems encountered when these exposures oceur in fhght,
the warning system present, and the approach taken by medical
personnel when these flight crews reported to the emergency
deparument of a local hospatal. To show that BAe-146 aircraft
with properly functioning o1l seals have air qualiry comparable
to other aircraft, in-fight compansons of the air quality of one
BAe-146, another BAe-146 outfitted with an experimental
acuvated charcoal air filter, and a Dash-8 aircraft that had never
been associated wath any complamts were also made.

Methods

Exposure descripnon and health complaints were taken from
the acaident reports filled out by the individuals involved, as
well as from clinical assessments. Aircraft 1, of the BAe 146-
200 fleet, had come in on the previous night with complaints
from the flight crew regarding air that made them ill. The
arrcraft had been operating on Castrol 5000. That evening the
oil was removed and replaced with Exxon 2380. The next day
this aircraft was tested during flight for air contanunants such as
volatile organic compounds (VOCs) and higher molecular
weight oils. VOCs were measured using activated charcoal
adsorbent tubes and portable sampling pumps running at cal-
ibrated air flows of 0.1 L/mun. according to the Worker's
Compensation Board of Briush Columbia method 3301,%%
The higher molecular weight hvdrocarbons, such as potential
aerosolized oils, were collected on a filter cassette and attached
to portable pumps running at cahbrated air flows of 2 L/min.
The cassette filters were extracted with acetonitrile and ana-
lyzed on a high pressure iquid chromatograph (HPLC). The
activated charcoal adsorbent tubes were extracted with carbon
disulfide and analyzed on a GC-mass spectrometer with de-
tection hmits for VOCs in air ranging from 1 to 15 ng/m?.
Two sets of air samples for both analyses were taken during
flighe, one sec behind che copilot’s seat and the other set at the
rear of the cabin at head height. Bulk and head space samples
of the two oils at room temperature were analyzed with
HPLC.
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The fhght crew of areratt 2 BAe-146) had expenenced arr
quahty problems on a 2-hour fight. requinng the pilots to
remain at the destination of that Hight for 24 hours. This
arreraft was brought back to s port of ongin and tested on the
tarmac the following dav for varbon monoxide and carbon
dioxide. Both gases were mesured using direct-reading -
struments n the galley, situated behind the cockprt, as well as
the rear of the cabin. The APU and each of the engines were
tested separately under a number of condinons, mcluding
pressunzation. as high as a 0.2 atm {3 pa1) pressure differenual,
and depressunzauon.

A BAe-146 (aircraft 3) equipped with a standard air handhing
system was monytored for the duranon of a 3-hour, one-stop
round tnp with 28 and 35 indiiduals on board, respectively.
A second BAe-146 farcraft 4 outtitted with an experimental
activated charcoal air filter was momitored on a 4-hour, one-
stop round trip. This faght had 80 and 35 individuals on board,
respectively. The reference arrcraft was a de Haviland Dash
R-100 (arrcraft 3). This aircraft was momitored for the duranon
of a 3-hour, two-stop flight wath 23, 16. and 13 individuals on
board. respecuvely, All measurements were made in the rear
seat section of each aircraft.

Carbon dioxide and carbon monoxide (detection limits of 5
and 1 ppm, respectvely) as well as relanve humndity and
temperature were measured using a Q-Track indoor air quality
monor {TSI Incorporated) The mstrument was set 1o record
the environmental parameters every 5 minutes and was cali-
brated for carbon dioxide using nitrogen as the zero gas and
900 ppm carbon dioxide calibrasion gay (Matheson). Nitrogen
oxides were measured using an Odyssey 2001 gas monitor
(Transducer Research Inc). Oxygen and additional carbon
monoxide concentrations were measured using a TMX 410
datalogger (Industnal Saiennfic Corporanon) with detecnon
limits of 0 1 percent and ! ppm, respecavely. All equipment
had datalogging capabihties. and the information was down-
loaded into an IBM 486 computer..

Results
Exposure descriptions by flight crews over a 4-month period
included the following' sharp odor in cabin, assault by toxic
fumes. heavy exhaust smell, dewing smell, soapy smell, deter-
gent smell, dirny sock smell dunng takeoff, oven cleaner smell,
peroxide smell. acnd noxious fumes filhing cabin on descent,
aircratt filled with heavy blue haze. and strong smoke odor.
Flight attendents generallv noted an odor dunng takeoff and
landing Thev reported that. av their fhght progressed, they
trequently expenenced burming eves, nasal congestion, sore
throat. and unghng hps. Several expenenced disonentanon,
were unable to continue with their dudes, and were adnun-
istered oxvgen A summary of the symptoms reported during
the 4-month period 1s shown in Table 1.

Carboxyhemoglobin (COHB) levels obtained 4 hours after
these incidents in four individuals were 0.7, 0.7, 1.0, and 2.0
percent The later mdividual was a smoker. Most of the
symptoms resolved within 24 hours postexposure, and no
ongowmg residual health problems related to these exposures
have been reported.

Aircraft 1 was test flown for 1.5 hours the day after the flight
crew had made the complaints. Samples for analysis were taken
during this period Two minutes after takeof an oily smell with
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TABLE 1 Symptoms Reporied by Flight Crew During o 4 Month Period

No. of

Symptom Individuals
Headache 24
Burming eves a”
Burning throat 48
Watery eves ¢
Sinus congestion 6
Light headedness 3
Nausea 9
Chest painy 7
Dizziness h
Disonentanon 16
Breathing problemis requinng oxvgen 2
Gaggng, coughing 3
Blurred vision 1
Tingling of nose and lips 3

"

Numbness

Five aireraft, snvolving 33 flights each Total indiiduals with svmptoms =
112, total fhght crew precent = 200

a disunct detergent and sour smell overtone. which changed o
a hot oil smell after a few munutes, came into the cabin. The
aircraft went through a number of ascents and descents m order
to simulate takeoff and landing condinons. The venulanion air
source was also checked during the flight by isolating each
engne. It was found that air from engine 4 definitely resulted
in a stronger smell in the cabin, and confirmed an earler
observanon that seal 9 of this engine was found to be leaking.

The results trom the VOC analvses of samples taken during
these condions indicated the presence of a number of agents
n the samples from the cockpit and the rear of the cabin when
compared with the laboratory blank. These included alpha
pinene, long-chain hydrocarbon derivauves such as, 3.7-di-
methyl-1,3,6 octatnene (fic  881). and 3-isopropoxy-
1.1,1,7,7.7 hexamethyl-3,5 (fit 797). as well as a number of’
siloxane denvatives including, 1,1,1,3,5,7,9.9,9,-nonameth-
yipentasiloxane (fit 882), decamethyl ¢y clopentsiloxane (fit
817), dodecamethy] cvclohexasiloxane (fit 839), tetradecam-
ethyl-hexasiloxane (fit 71-4). hexadecamethy | heptasiloaane ific
064), and hexadecamethyl heprasiloxane (fit 759). The resulte
from the cochpit and the rear of the arcratt were virtuallh
idenucal except for the presence of hexadecamethy] heptasi-
loxane. which was found only in the rear of the asrcraft. The
levels of contanunants measured in the rear of the arcraft were
three tmes higher than 1n the cockpit.

The results of the analyses for VOCs m the head space of the
bulk oil samples showed that there was virtually no difference
between these samples and the laboratory blank (air) at room
temperature (i.e.. no volatiles were present under these con-
ditions). HPLC analyses of filter cassettes for potential acro-
solized oil components in the cabin did not ndicate their
presence.

The results of the bulk oil samples analyzed by HPLC
indicated that the two oils were very similar, with Exxon
showing a small additional peak. Castrol showed rwo small
additional peaks. These peaks have not been identified since
the mgredients of these oils are not revealed and are deemed
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FIGURE 2. Graph showing the transients n carbon dioxide (CO,). temperature (°C). percent relative hurudity (Rh). and carbon monoxide
(CO). and percent oxygen dunng a commercial fight of aircraft 3. All measurements were made 1n the rear of the passenger cabin

proprietary nformation by the two companies. Standards are
therefore not obtainable for identification. The two companies
did acknowledge the fact that these jet engine oils do contain
2 to 3 percent of tricresyl phosphates, which are high pressure
lubnicants. A standard for the o,m,p isomers of this agent was
obtained. and, upon further analysis, the retention nme of the
para isomer comncided with one of the peaks present in each of
the bulk oils.

When aircraft 2 was tested on the tarmac n the absence of
other aircraft. there was a distinct oil odor which became
Inghly pronounced when the air supply from engine 2 was
wtroduced into the cabin. The cabin temperature was 22°C
with a duct temperature of 63°C. Under these conditions it
was very noticeable that a distinet stratification of the cabin air
was present. At the upper levels where the air registers are
located, and coinciding with head level of a standing individ-
ual. the air was quite difficult to deal with (i.e., blue smoke that
wntated the upper respiratory tract and eyes). When seated.
however, head level would be in 2 stratum of colder, more
aceeptable air. The carbon dioxide levels ranged throughout
the tesung penod. with three individuals present. from 528
Ppm at the start to a high of 900 ppm when engine 2 was tested
under full takeoff power with 100 percent fresh air with duct

and cabin temperatures of 69° and 26°C, respecuvely, and at a
0.2 atm (3 psi) pressure differential Under these conditions
carbon monoxide reached a level of 3 ppm During the testing
exercise the carbon monoxide levels hovered between 1 and 2
ppm and rarely went up to 3 ppm. There were no major
differences berween levels measured at the front of the cabin
compared to the back for erther gas Under the test condiuons,
switching from 100 percent tresh air to the 6040 percent mx
recirculated air did not result 1n any sigmficant differences

The results from the in-fhght air quality comparisons of
three aircraft indicated that the air of properly maintained
BAe-146 aircraft was similar to the air quality in the Dash
8-100. As an example of the vanous environmental parameters
that were monitored over the duration of each flight, the
results from aircraft 3 are presented in Figure 2. The trends
shown were similar for arcraft 4 and 5.

In general, it can be noted that carbon dioxide concentra-
tions, along with temperature and relative hunudity in the
aircraft, rose sharply after loading of passengers and before
takeoff, at which time these parameters decreased until landing
Again a rise in these parameters was noted during the interval
berween landing and the unloading of the passengers After a
short decrease in these parameters, when all passengers have
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left, a sharp mcrease can agan be observed between loading of
new passengers and takeofl. This general evele repeated atself.
The carbon dioxude levelh measured v airenaft 3 (BAe-140)
ranged from 830 to 2700 ppm In wircratt 4 (BAe-146) these
ranged from 800 to 2300 ppn Siular transents were ob-
tained m arcraft 3 (Dash 8-100), where carbon dioxide Jevels
ranged from 1100 to 2500 ppm. In all arcratt no carbon
monoxide was detected above the detection hnut of 1 ppm
using two independent sensing systems.

Oxygen concentratons appear to change rather predictably,
with a decrease after takeoff and an crease prior to landing In
aircraft 3 oxygen levels ranged from 19.6 to 21.8 percent. In
aircraft 4 these ranged from 19.6 to 21 2 percent. Both aircraft
maintained a relatively stable 21 7 percent oxvgen level dunng
flight Aircraft 3 mantained a more steady oxygen level com-
pared with aircraft 4. Awcratt 5 generally mamntaimed an oxy-
gen level of 20.8 percent. which ranged during takeoff and
landing from 19.71 to 21.9 percent.

Discussion

When confronted with complaints of a **bad smell” 1n an air
quality situation such as this. 1t 15 very difficult to zero in on 2
particular agent and momitor 1t. This was further aggravated,
after the oil seals were idennfied as the problem. by the fact
that the manufacturers of the jet engine o1} do not disclose the
composinon and ngredients of their product in the required
matenal safery data sheets. claiming that this 15 propnetory
informauon. In situations like this, one has to rely on the
symptoms of the individuals mnvolved and check for classes of
agents that are most likely to be present and wiuch could be
the cause of these symptoms.

Some of the reported symptoms appeared consistent with
those associated with low level carbon monoxide exposure.
including headaches, nausea. light-headedness, and disorienta-
tion ¥ Some of the other symptoms. including burming eves,
burning throat, watery eves. and sinus congestion.’® appeared
more consistent with exposure to an irritant such as smoke or
VOCs. The ungling and numbness expenenced by some in-
dividuals appear to indicate some neurological involvement,
indicating possible exposure to volanle neurotoxic hydrocar-
bons such as hexane and octane,'® as well as tricresy] phos-
phates (TCPs).”™" known mngredients i jet engine oils.

At the ume of the test flight of aircraft 1. it was learned from
the Bnush aircraft manufacturer representauve, that the ar
destined for the cabun 1s passed through a catalync converter in
order to oxidize any oil contanunants to carbon dioxide and
water Catalvue converters operate at maximum  efficiency
under highly specific condinons of temperature and contam-
mant to air rato As an example, the Engelhard TWX catalyue
converter® used for automobiles operates best at a contami-
nant to air rano of 17147, Under these condidons it is 93
percent efficient in changing carbon monoxide to carbon
dioxide, hydrocarbons to water and carbon dioxide, and m-
trogen oxides to nitrogen and carbon dioxide. For this reason
an oxygen sensor is often present i the exhaust stream to
prowvide feedback to the carburetor to keep this ratio as ideal as
possible. The catalytic converters in the aircraft are probably
subject to similar principles for efficient operation. When the
contaminant to air ratio is drastically altered, as in an aircraft
with leaky oil seals, one can expect a number of contaminants
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to pass through the converter m an ongal or semaltered
state. This makes 1t even more diffieult to zero m on a partic-
ular agent tor testing For this reason 1t way deaded to monitor
for the most acute tosic agent that could potentially be gen-
erated 1f the catalvtic converter way noat operating, efficiently
(1.e.. carbon monoade, since 1t lacks an odor which could acr
as an early warning system

Under the test conditions of arcraft 2. the highest level
obtained was 3 ppm, which 1s well below the 25 ppm level
which 1s the exposure hnut set by the American Conterence of
Governmental Industnal Hygemsts (ACGIH) for an occupa-
nonal seting'® Although both awrcraft had a “dead stop”
carbon monoxide detector (Houston Atlas, an Enviro Tech
Company. Kingswood, Texas) stuck to the galley wall, these
did not appear to be effective, Statements on the indicator such
as “CO present when spot turns dark,” without provision of a
clear reference color, are not helpful. Simularly, the direcuons
for use were pnnted on the back of the sensor, which was
glued to the wall of the galley. In addinon. no mformation was
available to the personnel present whether these ndicators
were reversble or not. The mdicators 1n both arcraft had
turned dark at some tme 1 the past. had not been renewed.
and had been scratched by frustrated mndividuals to see what
the original color had been so that an assessment could be made
regarding exposure  An idenncal or sumar device was present
in an aircraft that recently crashed when it ran out of fuel over
New Hamshire after its pilots had already expired from carbon
monoxide poisoning.!!™

During the testing of arcraft 2 on the tarmac. no difference
was observed 1n air quality when the air source was switched
from 100 percent fresh air to a 60740 percent mux of fresh to
recirculated arr (i.e.. in this aircraft decreasing the source of the
contanumants to &1, while at the same time reairculaning 4e
of this contaminated air). A difference would probably have
been observed 1f the 100 percent fresh air had been clean and
the test cycle for the 60,40 percent mix had been long enough
for pollutants to buld up.

To “remove excess oil and odor that, under certain falure
conditions. may exist within the air conditioning system” (L.e.,
the ampack units,'" a new expenmental actuvated charcoal
filtration system was installed on aircraft 4. Acuvated charcoal
filters are capable of cleaming the air from a large vaneny of
agents, but are not known to be effective for carbon monoxide
and carbon dioxide. '* 'Y Unless there are other undisclosed
components m the new filtration system capable of scrubbing
out carbon monoxide. these new arr filter umts could poten-
ually be quite dangerous in the absence of a carbon mononde
warning system {1.e., they remove the early warming signals for
potential carbon monoxide presence, such as the smell of
smoke, leaving an odorless, toxic gas in the air).

None of the flight measurements in aircraft 3, 4, and 5
indicated the presence of carbon monoxide. It was therefore
concluded that under normal operating conditions the bleed
air from the engine in the 146 aireraft did not contamy, or the
action of the catalytic converter did not result 1n, any measur-
able carbon monoxide above the minimum detection levels
inside the cabin.

Attempts to obtain direct evidence of carbon monoxide
exposure by measuring COHB levels in the blood in exposed
individuals who had to be taken to the emergency departinent
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tailed for a number of reasons. Although the flight crews had
a copy of a recommended set of tests 1 case an exposure
occurred. as suggested by the occupanional health physician,
this was not followed by most of the attending physicrans in
the emergency departments. When COHB levels were mea-
sured m four indimduals, relauvely low levels (L7 1o 2.0%)
were obtained. This could be due to the admimistrauion of pure
oxvgen in the arcraft as well as the ume delay (4 hours)
berween exposure and measurement. Based on the 4-hour
half-life of COHB n the blood under normal breathing con-
dinons,® these values could have been 1.4, 1.4, 2.0, and 4
percent inmedsately atter exposure. These values could double
once agam when one takes 1 consideration that pure oxygen
was admimstered dunng exposure, which reduces the half-hfe
to 60 to 90 nunutes.? These calculations are based on simple
models, and accurate prediction of COHB at the ume of
exposure can be difficult because of likely elevated carbon
dioxide levels and the adnumistration of oxygen.” ¥

It has been shown that sedentary breathing of a nonsmoker
exposed to 35 ppm of carbon monoxide in the air (the Envi-
ronmental Protection Agency standard) for 2 hours will result
in a 2.5 percent COHB level in the blood."™ Based on the
above mformauon, the possibility of elevated COHB levels in
the fhght crews at the tme of arnval of some of these flights
cannot be ruled out. The biologeal exposure indices from the
ACGIH™ recommend that COHB levels measured at the end
of a shuft should not exceed 3.3 percent.

As 1t 1s virtually impossible for a techmaan to be present
with monitoring equipment when these meidents oceur, it was
recommended that a datalogging carbon monoxide monitor be
present on the arcraft, ready to be activated by the flight crew
when required to erther clearly idenufy or ehnunate carbon
monoxide as a contaminant.

The VOCs and long-chain hydrocarbons that were mea-
sured dunng the test fighe of arcraft 1 were present in small
quantines and can be classified as methylated siloxane deriva-
uves as well as methylated propane and butane denvatives. The
1dentificanon of these compounds has to be done with caution
as the mass spectra of these compounds are not 1deal and could
represent other compounds with similar molecular structure.
Since arrcraft 1 had recently been refurbished with new car-
pets. 1t should be noted that siloxane derivatives are sometimes
released from new carpets (personal observation). They are also
used 1n extreme temperature lubneaung oil fonnulations and
consequently could be a reflection of lubneaung oil compo-
nents contanunating the arrcraft air. The methvlated propane
and butane ester denvatives are also probably the actual or the
thermal breakdown products of the ingredients of the ol
formulations.

HPLC analyses for potential acrosolized oils indicated that
major ol components could not be observed n the cabin air.
It would appear. when oil leakage occurs, that these probably
have been filtered out m the APU or condensed out some-
where in the ventilanon system, which has a decreasing tem-
perature differennal from above 300° o 50°C.

Carbon dioxide gas is also produced by the catalyue con-
verter 3y well as by each mdividual in the arreratt. The levels
mieasured on the ground in aireraft 2, with only three mdivid-
uals present, was as high as 900 ppm. The carbon dioxide levels
measured i fight in cach of the aircraft tested were compa-
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rable and ranged from a low of 500 to a lugh of 2700 ppm
Aircratt 5 (Dash 8-100) reached 1ts lowest reading of 1100
ppm. This was about 250 to 300 ppm higher than the BAe-146
arreratt. This 1s probably due to 2 combination of factors.
including its occupancy, the time interval between loading and
takeoff, the ume at which the engnes are started. the duration
of the flight, and the size of the arcraft The carbon dioxide
levels were n general very comparable between the chree
aircraft and were well below the threshold limit value for
carbon dioxide of 5100 ppm and the short-term exposure hnut
of 30,000 ppm.™ It should be noted that these levels are meant
for occupational settngs and do not necessanly apply to pas-
sengers. One study indicates that psychomotor and mental
performance 1s not impaired at carbon diovide levels as hugh as
50,000 ppm."'™ Anather study found that the ability to detect
coherent motion 1s impaired at carbon dioxide levels of 25,000
ppm."'”" It would therefore be prudent to reduce carbon
dioxide levels to as low as possible.

The oxvgen concentranons dunng thght of all three aircraft
were highly comparable and ranged from 19 6 to 21 9 percent
It should be appreciated that when 1t 15 stated that the airplane
is pressunized, it really means that upon takeoff from sea level
the plane 15 actually depressunzed-to an air pressure equivalent
10 2133 m (7000 {t) 1n the BAe-146 aircraft. and consequently
a decrease in oxygen concent 1s observed Upon landing at an
airport situated at sea level. the reverse i1s observed and the
aircraft 15 repressunized. The steady oxygen concentranon m
the Dash 8-100 was shghtly lower than the 146s at 20.8
percent and reached a high of 21 9 percent This aircraft was
probably pressurized to a shghtly higher alttude than the
BAe-146 aircraft.

Nitrogen dioxide levels within the aircraft were generally
not detectable for most of the ume dunng each flight. Some
minuscule transients 1n the parts per bilhon range could be
observed dunng wkeoff and landing 1n all awreraft.

The most important potenuial chronic effects that one should
be aware of are due to exposure to one of the jet oil ingredients
that both compames admitted to be constituents in their oil,
TCP. TCP is used 1n a number of commercial applicacions
including the manufacture of plastics, as a flame retardant, as a
lead scavenger in gasohne. and as a hugh pressure lubncant. '™
TCP is a mixture of three isomers. called ortho, meta, and para
cresyl phosphate. Of these, the ortho somer is the most toxic
and 15 often removed as much as possible from the muxture. In
1939 a mass possomng occurred 1 Morocco when 10,000
individuals tell ill after consunung cooking o1} that had been
adulterated with turbojer engine o1l ' In general, ortho-
cresyl-phosphate is a neurotoxin and causes penpheral neu-
ropathies.® It has also been concluded, based on hen expen-
ments using lubricating oils contaiming up to 3 percent TCP,
that these lubricating o1ls had low neurotoxic potential under
normal conditions of exposure '*" Rats exposed to a dailv oral
dose of TCP indicate thac this compound also has effects on the
adrenal glands, ovanes, and semiferous tubules.?"

There 15 no mformauon avaable regarding inhalanon ex-
posure of this agent. The turbojet oils used on the BAe-146
aircraft were analyzed and found to contain 2.8 percent cresyl
phosphates. The oil manufacturers claim that less than 1 per-
cent of this 1s the ortho somer In-flight measurements in a
complaint aircraft could not demonserate the presence of this
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agent n the air above the detection hnit of 80 ug 'm* of air
A recent arucle indicates that turboget oils can also contan a
number of other agents such as the tnmethylolpropane esters
(TMPEs) of carboxyhe acids.®® At temperatures between
350° and 700°C, TMPE and TCP can react together to form
tnmethylolpropane phosphate (TMPP). As TMPP 15 a potent
neuratoxin, 1t was suggested that “extreme caution should be
exercised 1 applicauons of these lubricants where these are
thermally degraded.”®® It would appear that the current sit-
uation, where turbojet oils are being thermally degraded in a
catalytic converter that is prone to be overloaded, could be one
of these apphcations and requires further investigation.

The air qualiry of BAe-146 aircraft appears to have been a
long-standing problem, as 15 apparent from the many modifi-
canons, addinons, and deletions to the air-condinomng system
recommended by British Acrospace over the years.'V If one
expects the thght crews o have confidence 1n the decision-
making processes and operate these aircraft, the best argument
thart can be presented is to show that the air in suspected aircraft
with properly functioming oil seals 15 comparable to that in
other aircraft that have never been associated with complaints
and have alwavs been quite acceptable. If the air quahty is not
comparable, then the difierences should be idenufied and eval-
uated, and. if deemed necessary, appropnate changes should be
made. For this reason, in-thght compansons were made of
three aircraft.

When one compares the two BAe-146 aircraft with prop-
erly functiomng ol seals. no distinct differences in the air
quality parameters measured can be noted. A fant hydrocar-
bon combustion smell was noted 1n aircraft 3 (BAe-146, no
charcoal filter) at the times of takeoff” A similar smell was noted
in aircraft 5 (Dash 8-100) at che ume when the engines were
started. This was not nouced n aircraft 4 (BAe-146 with
activated charceal filter).

It appears, therefore, that the acuvated carbon filter does
improve the air quality dunng normal operating conditions.
Whether it is capable of performing under a challenging load
such as failure conditions remains to be seen.

Conclusions

In-flight o1l seal failure in turbojet engines of BAe-146 aircraft
was traced as the source of smoke in the cabin. The diverted
engine combustuon air passes through catalytic converters,
which tend to become overloaded. resulting in the potenual
production of carbon monoxide. Although the reported symp-
toms appeared consistent with carbon monoxide exposure,
only shght elevations in COHB levels were measured in flight
attendants, which was probably the result of the time delay
since exposure. Oxygen administration and carbon dioxide
levels are known to shorten the half-life of COHB. To identdify
or eliminate carbon monoxide as a problem, the use of data-
logging instruments for carbon monoxide was recommended,
to be activated when accidental exposures occur. Although
cresy] phosphates are present in engine oils, these were not
found in the cabin air of problem aircraft. The air quality of
normal BAe-146 aircraft compared favorably with that of a
Dash-8 not associated with problems.
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Abstract

Leaking oil seals in jet engines, at locations prior to the compressor
stage, can be a cause of smoke in the cabins of BAe-146 aircraft. Compressed
combustion air is bled off to pressurize the cabin and to provide a source of
fresh air. Bleed air is diverted from a location just prior to the combustion
chamber at a temperature around 500 °C. To prevent oil breakdown products
from entering the cabin air, catalytic converters have been used to clean the
air. During an oil seal failure this device becomes overloaded and smoke is
observed in the cabin. Some aircraft companies have removed the catalytic
converters and claim an improvement in air quality. During an oil seal
failure, however, the flight crew is potentially exposed to the thermal
breakdown products of the engine oils. Since very little is known regarding
the thermal breakdown products of jet engine lubrication oils, two
comercially available oils were investigated under laboratory conditions at
525 °C to measure the release of CO, CO2, NO2, HCN as well as volatiles
which were analyzed using GC-Mass spectrometry in an attempt to see if the
neurotoxic agents tricresyl phosphates (TCPs) and trimethyl propane
phosphate (TMPP) would be present or formed. TMPP was not found in these
experiments. Some CO2 was generated along with CO which reached levels in
excess of 100 ppm. HCN and NO7 were not detected. GC composition of the
two bulk oils and their breakdown products were almost identical. The
presence of TCPs were confirmed in the bulk oils and in the volatiles.
Localized condensation in the ventilation ducts and filters in the air
conditioning packs are likely why the presence of TCPs has not been
demonstrated in cabin air. It was recommended that this needed to be verified

in aircraft.



Key words: jet engine lubricating oils, tricresylphosphates, TCP, TMPP,
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Introduction.

The presence of smoke in the cabin has been classified as a pilot's
nightmare. (1) It was therefor not surprising that episodes of smoke in the
cabin during flight of a number of BAe-146 aircraft raised the anxiety of the
flight crews exposed.(2) Eventually the source of the smoke coincided with
the recent use of a less expensive engine oil, Castrol 5000, which was did not
appear to be as compatible with the engine oil seals as Exxon 2380 which was
used prior to oil switching. This resulted in excessive amounts of engine oil
leaking into the compressed airstream. Under normal conditions air from
the compressed engine combustion air is bled off and used for ventilation air
and cabin pressurization. Because minor oil contaminants are unavoidable,
air destined for the cabin passes through catalytic converters which, at a
temperature of 500 °C, are capable of oxidizing sporadic contaminants to
carbon dioxide and water. When abnormal amounts of oil enter the
ventilation air, however, the system is likely to become overloaded resulting
in a number of contaminants entering the cabin air. These potentially include
elevated carbon monoxide and carbon dioxide levels, as well as the presence
of unconverted, or semi converted, hydrocarbon oil constituents which
present themselves in the form of smoke. In addition, a heavy chemical load
on the catalytic converters is likely to increase their oxygen demand at the
expense of the oxygen concentration in the air delivered to the cabin.

Some companies operating the BAe-146 have removed the catalytic
converters and claim an improvement of air quality. In these aircraft the
presence of leaking oil seals would result in the direct contamination of air

destined for the cabin. As this air is diverted from the engine combustion air



stream immediately prior to entering the combustion chamber, the
temperature is estimated to be in excess of 500 °C. This air is cooled in the
engine pylons to 200 °C before it is ducted through the spine of the aircraft to
two air pack units situated in the rear of the aircraft. These units filter and
condition the air to 50-60 °C before it enters the cabin.

Since both jet engine lubricants of interest contain up to 3% tricresyl
phosphates (TCPs) as an antiwear agent, (3) inhalation exposure to these
agents cannot be ruled out.

It has been reported that inhalation exposure to TCPs in a
manufacturing plant has resulted in toxic polyneuritis. (4} Long-term
inhalation exposure of chickens to concentrations between 23 and 110 mg/m3
produced neurotoxic effects. %) It has also been suggested that humans are 10
to 100 times more sensitive than chickens. (6) Although the neurotoxic effects
of TCPs have been associated with the ortho isomer which, for that reason,
has been kept below 1 % in these lubricants(3), the observed neurotocicity in
laboratory studies cannot be explained by the presence of the ortho isomer
alone. This has been demonstrated by one recent study which reported an
unexpected high neurotoxic potency associated with aviation engine
lubricants containing 3% TCP levels and less than 0.02% of the ortho
isomer.(7)

There also has been a recent report (8) that has drawn the attention to
the potential generation of an additional neurotoxin, trimethyl propane
phosphate (TMPP, i.e. 4-ethyl-1-0x0-2,6,7-trioxy-1-phospha-bicyclo(2.2.2)
octane, CAS Registry Number 1005-93-2) that is produced at temperatures
between 350-650 °C () from TCP and trimethylolpropane esters (TMPE), both

of which are common constituents in jet engine oils.
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This article would like to report on the constituents of two commontly
used jet engine lubricating oils, their volatile components, and their
pyrolytic products at 525 °C, the optimum temperature that has been reported
by Wyman et al. for TMPP production. (9) Little information is available that
describes how under these circumstances the oxygen, carbon monoxide,
carbon dioxide levels may be affected. Wyman et al.(?) did report an increase
in CO and CO2 that was co-incident with a decrease in O2. The source of these
observations was thought to be the diesel fuel used to generate the elevated
temperature conditions rather than the lubricant oil under investigation.
Another investigation of the pyrolysis of Exxon 2380 under non-flaming
conditions, using an electric heating unit, indicated that high levels of CO can
be generated under these conditions. (10)

As it was not possible to make measurements during a flight with
leaking oil seals and without the presence of catalytic converters on the

engine, a laboratory simulation was done using both oils.

Methods

Two commercially available jet engine oils were compared, Castrol
5000 which had been implicated in the air quality problems, and Exxon 2380
which had been used without major problems until it was temporarily
replaced with Castrol 5000.

The general behavior of each oil was investigated by visual observation
after a 0.5-mL sample of the oil was placed on a piece of aluminum foil on
top of a ceramic hotplate which was heated to temperatures beyond 250 °C at

a rate of approximately 10 °C/min. until only charred material remained.



The generation of potential volatile oil components at 525 °C was
investigated using a stainless steel chamber 54x64x71cm (WxLxH). A hotplate
with a ceramic top was put at the bottom of this chamber and allowed to reach
525°C while the top lid was open. A surface thermometer (Model 573C Pacific
Transducer Corporation) was placed on top of the hotplate to monitor the
temperature. A direct reading multigas monitor TMX-412 (Industrial
Scientific Corporation, Oakdale PA) with data logging capabilities for NOp, Op,
CO, and LEL was suspended at the top and inside the chamber as well as a
YES-204A monitor (Young Environmental Systems, Richmond, B.C.), capable
of recording temperature, relative humidity, and CO2 concentration.

Both instruments were turned on before a 0.5-mL sample of the oil to
be investigated was introduced onto a 5cm x Scm piece of aluminum foil with
the edges slightly curled up. This sample was put directly on top of the hot
plate at 525 °C. The lid was closed and, in order to prevent the direct reading
instruments from thermal damage, the hot plate was kept at this temperature
for one additional minute, at which time it was allowed to cool off.

Sampling for volatiles was done using a midget impinger filled with a 10- mL
ethanol and isopropyl alcohol mixture (95/5%) kept at 0 °C and using an air
sampling pump running at 1 L/min. Hydrogen cyanide (HCN) was measured
using Workers' Compensation Board of BC laboratory procedure 0700
(1Dusing midget impingers and sampling pumps running at 1.6 L/min.

The chamber had a 10-mm entry port, allowing free access to laboratory air,
and a 8-mm exit port to which the impinger was attached. Sampling for all
agents was continued for a period of 15 minutes after the introduction of the
oil sample. Prior to each experiment a control sample was taken using the
identical procedure, as described above, except that no oil was present on the

aluminum foil.



The impinger and bulk oil samples were analyzed using GC/MS. The
GLC (Varian model 3400) was equipped with a Supelco PTE-5 column 30
meters in length and .25-mm ID. The injector temperature started at 60 °C,
was held for 1 minute, followed by 180 °C/min. increments up to 280 °C
where it was maintained to the end of the run, 50 minutes. The column
temperature started at 70 °C, was held for 2 minutes followed by 15 °C/min.
increments up to 280 °C where it was maintained at that temperature to the
end of the run. The Mass spectra obtained (Varian Saturn 2) were compared
to the National Institute of Standards and Technology library.(12) A para-tri-

cresyl phosphate standard was obtained from ACROS chemicals (Fisher).

Results

Both oils had similar appearance and consistency with Castrol 5000
being slightly more orange in color. Close observation of the oils during
heating from room temperature showed white smoke from Exxon 2380 at 275
°C, darkening of the oil at 300 °C with the beginning of charring at 310 °C. For
Castrol 5000 visible white smoke appeared at 285 °C, with darkening of the oil
at 310 °C but no charring was observed until the temperature was above
350 °C.

When oil samples were introduced onto the hotplate with its surface
at 525 °C inside the chamber, smoke was liberated which was similar in
smell to what was noticed in aircraft with leaking oil seals. At the end of the
experiments, except for some charred brown material, no oil was remaining
on the aluminum foil.

The results obtained from the data logging monitors for CO2, CO, NO2,
LEL, temperature and relative humidity as well as HCN have been

summarized in Table 1.
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As can be observed in this table no evidence was found for the
generation of NO2 and HCN. CO3 levels increased throughout the 15-minute
experimental regime from a low of 365 (control) to a high of 509 ppm(Castrol
5000). Similarly CO reached a high of 141 ppm when Castrol 5000 was
investigated compared to a high of 120 ppm for Exxon 2380.

The GC traces for the two bulk oil sample analyses and their
corresponding traces for the volatiles released at temperatures of 525 °C have
been summarized in Figure 1. The bulk oil traces showed virtually identical
patterns as well as the relative proportions of their constituents. The
pyrolized oils were very similar in general but differed somewhat between
scan number 1200 and 1350 which showed more pronounced peaks for
Castrol 5000.

The corresponding GC/MS analyses of the peaks in Figure 1 have
been summarized in Table 2. The various peaks show virtually identical
retention times and mass spectra. The corresponding compounds that match
these mass spectra have also been identified in Table 2 along with their fit
and CAS number. Where possible, only those compounds that were identical
in both analyses as being present in peaks of comparable retention times

have been shown. Other possible compounds can therefore not be excluded.

Discussion

Visual observation of the two oils during heating indicated slightly
different behavior, Castrol 5000 appeared to generate smoke at a slightly
higher temperature than Exxon 2380, i.e. 285 vs. 275 °C. The major difference
was that Castrol 2000 did not produce charred remains until 350 °C compared
to 310 °C for Exxon 2380. A Published report(19) on an 1983 Exxon 2380

sample indicates visible traces of condensate at 208° C with a dramatic
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increase in smoke at 306 °C which was coincident with the generation of CO
which reached a high of 10600 ppm at 533 °C. A level of 14,300 ppm of CO was
reported when an Exxon 2380 oil sample was placed directly in an
environment at 375 °C under non-flaming conditions. The CO concentration
in our current experiments indicated a high CO concentration of 120 ppm for
Exxon 2380. When one takes the different loading characteristics into account,
i.e. 4.2 L/cc of oil (10) compared to 490 L/cc of oil in our experiments, the
concentration of 14,300 ppm referred to above corresponds to 123 ppm under
the loading condition that we used. This shows good agreement with the
value of 120 ppm CO that we measured at 525 °C. There is a possibility that
some of the constituents of Exxon 2380 might have been modified or replaced
since 1983, and could be responsible for small differences in the CO
concentration generated as well as the difference in temperature at which
visible smoke was observed in our experiments, i.e. 208 °C vs. 275 °C. The
levels of CO2 also increased during the experiment whereas O2 decreased
slightly as expected. These results indicate that these oils, when exposed to
elevated temperatures, are sources of CO and CO2. The CO produced could
become a hazard to the flight crew when operating aircraft with leaking
engine oil seals. It could be argued that the production of CO in these
experiments is a result of limiting oxygen conditions which are not likely to
be present in the combustion air of the aircraft. The oxygen measurements
during pyrolysis do not appear to support this argument since only a .2%
change in oxygen concentration was noted. In contrast, much wider
variations in aircraft oxygen concentrations have been reported.(2)

NO2 and HCN were not produced under the conditions of the
experiment which is consistent with the fact that these gasses are produced

from atmospheric nitrogen only at temperatures associated with actual flame
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conditions which are well in excess of 1000 °C. (13) HCN can also be formed at

lower temperatures from combustion of nitrogen-rich materials such as wool,
silk, polyurethane, and polyacrylonitrile. (14) Based on our analysis of the two

oils the nitrogen content appears to be minimal.

It is also apparent from Figure 1 that the process of heating the oils to
above 500 °C produces volatile compounds that are not present in the oil
itself. These volatiles appeared to be similar between the two oils. In addition
some of the components in the bulk oils that were retained at 1950 and longer
retention times were not found in the pyrolized samples.

The chamber experiments indicate that the cresyl phosphates were
volatilized and could therefore potentially enter the cabin of an aircraft. It is
interesting to note that previously reported HPLC analysis of aircraft air with
leaking oil seals could not demonstrate the presence of cresyl phosphates
above 80 ug/m3 (). It is therefore likely that under the conditions present in
an aircraft one expects that a number of oil constituents that were pyrolized
and/or volatilized will condense out of the air stream at different locations
along the ventilation ducts depending on the local temperature. The more
volatile components are expected to travel through the ventilation system
and enter the cabin resulting in exposure to the passengers as well as the
flight crew. The principle of localized condensation has also been observed by
Rubey (15) during the incineration of engine oils containing TCP. In that
investigation the neurotoxic TMPP was not found in the gaseous effluent but
was identified in the scrapings of the boiler walls. Since the incinerator
temperature was likely higher than what would be encountered in an aircraft
ventilation system it is unlikely that TMPP, if it were produced, would be
encountered in the aircraft supply air. It would appear therefore that the

catalytic converters on the engines, localized condensation along the
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ventilation system, and conditioning by the airpack units of the aircraft are
capable of modifying and filtering out most compounds that could potentially
contaminate the cabin air. It would nevertheless be prudent to verify these
hypotheses under the conditions present in an aircraft with either actual or
simulated engine oil leakage.

Localized condensation will lead to accumulation of the condensation
products in the ventilation system. This could result in the release of these
agents into the air when duct temperatures, for some reason, become elevated
causing an air quality problem at a time when there is nothing wrong with
the mechanical system of the aircraft.

It should be emphasized that the compounds identified in Table 1
should be interpreted with caution because other compounds not shown had
similar, or closely related, mass spectra. Since the ingredients of these two
oils are proprietary information the accuracy of our analysis could not be
confirmed with appropriate standards for most of the components identified
and their retention times could not be compared. For this reason some of the
compounds in Table 2 may have been associated with quite different
retention times such as, for instance, 1,8-dihydroxyanthraquinone for the
Exxon 2380 analysis. Only a standard would identify the correct peak and its
retention time, the other peaks, which were identified with the same
compound, are likely associated with closely related derivatives of the
compound identified. This was particularly apparent with the large numbers
of phosphoric acid derivatives with retention times between 1274 and 1381.
Each one of these refers to one of the 10 possible isomers of TCP. The
companies did indicate that TCP is present at a 2-3% level. This was
confirmed in our analyses with a p-cresyl phosphate standard. Identification

of the other components was mainly done to identify similarities and to
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search for the presence of TMPP which could not be demonstrated under the
conditions of the experiment and using the NIST library which does contain a
spectrum for TMPP. The identification of TMPP was also hampered by the fact
that a standard for this compound could not be obtained.

It has been pointed out (10) that the resulting products from the
thermal breakdown of agents is highly dependent on the conditions under
which this is achieved. The current observations should therefore be
interpreted with caution. Nevertheless it was also suggested by the same
authors that the non-flaming conditions provided by an electric heating

system is a reasonable model to study the degradation of turbo engine oils.

Conclusions

The two jet engine oils investigated appear almost identical in their
chemical composition. Pyrolysis at 525 °C resulted in the release of CO2, CO,
as well as a large number of volatiles. Of these CO and volatilized
components as well as pyrolysis products could pose a potential hazard to the
flight crews of BAe-146 aircraft experiencing engine oil seal failure. Although
TCPs were found in both bulk oils as well as in the air, the presence of
neurotoxic TMPP could not be demonstrated. It was postulated that some of
the volatilized components, as well as pyrolysis products that were generated
in our experiments, would likely condense out of the airstream onto the
interior surface of the aircraft ventilation system and not reach the cabin
unless the duct temperature is increased. It was therefore recommended that

this hypothesis needed to be investigated under actual aircraft conditions.
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Table 1. Summary of gaseous constituents, and conditions, in the air from

two turbo jet engine oils at 525 °C

Agent/condition Castrol 5000
Control Qil
NO2 (ppm) <0.09 <0.09
CO2 (ppm) 370-420 390-509
CO (ppm) 0.0 0.0-141
02 (%) 21.6-21.6 21.6-21.4
LEL (%) 0.0 2
Temp, (°C)* 35.7 345
% RH 20-25 21-28
HCN (ppm) <1.1 <11

* Temperature at the top of the chamber at the location of the recording instruments.

Exxon 2380
Control Qil
<0.09 <0.09

365-420  395-510

0.0 0.0-120
21.6-21.6 21.6-214
0.0 3
36.8 35.7
20-28 20-25
<1.1 <1.1
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Abstract

The flight crews of aircraft often report symptoms including dizziness, nausea, disorientation, blurred vision and
tingling in legs and arms. Many of these incidents have been traced to contamination of cabin air with lubricating oil,
as well as hydraulic fluid, constituents. Considering that these air contaminants are often subjected to temperatures
in excess of 500°C, a large number of different expuosures can be expected. Although the reported symptoms are most
consistent with exposures to volatile organic compounds, carbon monoxide, and the organophosphate constituents in
these oils and fluids, the involvement of these agents has not been clearly demonstrated Possible exposure to toxic
elements, such as lead, mercury, thaltium and others, have not been ruled out. In order to assess the potential of
exposure to toxic elements a multi-elemental analysis was done on two hydraulic fluids and three lubricating oils
which have been implicated in a number of air quality incidents. A secondary objective was to establish if the
muiti-elemental concentrations of the fluids tested are different enough to affow such an analysis to be used as a
possible method of identifying the source of exposure that might have been present during aircraft air quality
incidents. No significant concentrations of toxic elements were identified in any of the oils or hydraulic fluids The
clemental compositions of the samples were different enough to be used for identification purposes and the
measurement of only three elements was able to achicve this. Whether these findings have an application, in aircraft
air quality incident investigations, needs to be established with further studies. © 1999 Elsevier Science BV All
rights reserved.
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1. Introduction

Jet engine oils and hydraulic fluid contamina-
tion of aircraft air has resulted in a large number
of complaints from the flight crew who experi-
enced a wide number symptoms including dizzi-
ness, nausea, disorientation, confusion, lethargy,
tremors, and tingling of the arms and legs
(Bigelow, 1998; Seattle Post-Inteligencer, 1998a,b;
The News Tribune, 1998; The Scattle Times,
1998). As bleed air from the compressor section
of the jet engines is used to pressurize and venti-
late the cabin, any contaminant in this air can
cause exposure to the flight crew present (van
Netten, 1998). When there is an engine oil seal
failure, lubricating oils can enter the combustion
air-stream from which ventilation air is bled of at
a location next to the combustion chamber where
temperatures in excess of 500°C are present. Any
oil contaminant in this air will therefore be sub-
jected to a pyrolyzing environment (van Netten,
1998). Hydraulic fluids have also been shown to
contaminate the cabin air resulting in numerous
complaints from flight crews and passengers alike.
It appears that in certain aircraft, hydraulic fluid
can leak onto the shell of the aircraft at a loca-
tion immediately in front of the air intake of the
auxiliary power unit (APU) (The Seattle Times,
1998). This unit provides ventilation air to the
cabin under conditions when the jet engines are
not operating or when combustion air cannot be
spared from the engines, such as during high
power requirements at takeoff,

A number of articles (Labour Canada, 1980;
Crane et al., 1983; Daughtrey et al, 1996; van
Netten, 1998) have attempted to describe the
constituents of these oils and fluids as well as
their pyrolytic degradation products in an effort
to find a likely agent(s) that might be responsible
for the symptoms experienced by flight crews. A
number of possible agents were identified includ-
ing carbon monoxide, volatile organic compounds,
tricresyl phosphates, and tributyl phosphates.

The material safety data sheets (MSDSs), pro-
vided by the manufacturers, do not include ele-
mental analyses of their products or disclose the

nature of all the additives. For this reason one is
not certain that exposure to a number of cle-
ments, or organo-elemental derivatives, could also
be the cause off, or a contributor to, the symp-
toms experienced by flight crews during air qual-
ity incidents.

Although the elemental composition of crude
oils has been well documented and have been
shown to be a potential source of nickel and
vanadium, as well as mercury (Filby, 1994), the
clemental composition of these synthetic oils and
lubricants and hydraulic fluids is difficult to pre-
dict.

It is known that a number of clements can be
present in thesc oils as lubricant additives includ-
ing zinc dialkyl dithiophosphates (ZDTPs),
calcium alkyl phenates, magnesium, sodium and
calcium sulphonates, as well as barium and moly-
bdenum (Hewstone, 1994).

Some of these organo-elemental additives are
known to have toxic effects. Repeated exposure
to ZDTPs has been shown to cause skin and eye
damage in experimental animals as well as in-
hibiting spermatogenesis and causing tubular hy-
poplasia in male rabbits (Hewstone, 1994). Simi-
lar effects were observed with high doses of cal-
cium alkyl phenates. There appears to be some
confusion regarding the skin and eye irritation
that has been associated with exposure to sodium
sulphonates (Hewstone, 1994). There also ap-
pears to be some evidence that a mixture of these
additives, as they occur in some oils, are consider-
ably less toxic than the sum of the individual
components (Hewstone, 1994).

A multi-elemental analysis of two hydraulic
fluids and three jet engine lubrication oils was
done in order to determine their elemental com-
position in an effort to identify, or eliminate, the
possibility that exposure to certain elements could
explain the symptoms experienced by the flight
Crews.

In addition, the elemental composition of these
oils and fluids, if significantly different enough,
could be useful as an elemental fingerprint and
an indicator of the type of agent that might be
involved in aircraft air quality incidents.
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2. Methods

Unopened quart cans of Skydrol LD-4, fire-re-
sistant hydraulic fluid (Monsanto Company, St.
Louis, Missouri 63167, USA); Hylet IV-AP"S
phosphate ester aviation hydraulic fluid (Chevron
International Oil Company, 555 Market street,
PO Box 7146, San Francisco, 94120-7146 USA);
Mobil Jet Oil 254, synthetic jet engine oil (Mobil
Qil Corporation); Castrol 5000; and Exxon 2380
were obtained from the appropriate suppliers.

The samples were analyzed using 0.1-ml
aliquots added to a Parr Bomb reaction vessel
along with 1 ml of Seatar nitric acid. The vessels
were capped and heated overnight at 120°C. The
resulting solutions were analyzed directly by con-
ventional ICPMS. Other samples were diluted as
is, in a 60% propanol/0.1% triton mixture and
analyzed by ‘ultra-sonic nebulization/membrane
desolvation’ ICPMS.

The samples were analyzed for the following

Table 1

127

elements: Li, Be, B, Na, Mg, Al, Si, P, K, Ca, Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se,
Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, Sn,
Sb, Te, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re, Ir, Pt,
Au, Hg, Ti, Pb, Bi, Th and U.

3. Results

Many of the elements in the oils and hydraulic
fluids investigated were found to be present at
concentrations below the various limits of detec-
tion. Only those elements which showed differ-
ences in their concentrations are reported on.

A summary of these elements is provided in
Table 1. It appears that there are major elemen-
tal concentration differences between the hy-
draulic fluids and the jet engine oils. The former
category was consistently higher in phosphorus
and potassium by at least one order of magnitude.

Summary of clemental concentrations of two hydraulic fluids and three jet engine lubrication oils*

Element Hydraulic fluids Jet engine lubricating oils
Skydrol HyJet Exxon Castrol Mobil

B <5000 5000 < 5000 <5000 < 5000
Na 3000 4000 < 3000 <3000 3000
Mg 900 1900 1500 500 1100
Al 1100 1200 1400 1000 1000
Si 56000 58000 54000 63000 64000
P (%) 1.1 113 0.23 0.28 0.29
K 22000 38000 <5000 < 5000 < 5000
Ca <10000 110000 < 10000 < 10000 < 10000
Ti 20 60 100 110 <10
\Y% 600 700 700 800 9000
Cr 2190 900 3360 2230 115000
Mn 300 <100 200 <100 2200
Co 50 30 50 20 520
Zn 13900 12300 14300 10900 5400
Rb <3 4 <3 <3 <3
Sr 12 58 14 10 13
Y 3 4 <3 <3 <3
Cd <2 <2 <2 <? 7
Sb <5 5 <5 <5 15
Ba 7 390 5 9 10
w <5 <5 <5 <5 57

°All concentrations are in ppb except where otherwise noted.
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Differences, by one order of magnitude, can also
be observed between the two hydraulic fluids for
barium, which was highest in HyJet. Concentra-
tions that were at least double the difference
between the two hydraulic fluids were associated
with magnesium, titanium, chromium, manganese
and strontium.

Differences of one order of magnitude between
the three jet engine lubricating oils could be
observed for titanium, chromium, manganese,
cobalt, zinc and tungsten. All of these were asso-
ciated with Mobil relative to the two other oils.
Differences between these two oils, Exxon and
Castrol, became evident when a doubling of the
concentrations was used. Elements in this cate-
gory included Mg, Mn and Co.

4, Discussion

Of the clements analyzed for, none of the toxic
elements that could possibly be related to some
of the symptoms experienced by the flight crews
were present in these fluids and oils above the
detection limits of <20, <10, <2 and <200
ppb for lead, mercury, thallium and arsenic, re-
spectively. Cadmium concentrations in the oils
and fluids were also below the detection limit of
<2 ppb except for Mobil, which registered a
concentration of 7 ppb. It appears therefore that
these fluids are not a major source of heavy
metals and consequently can be ruled out as
possible contributors to the symptoms experi-
enced by flight crew personnel during air quality
incidents involving these oils and hydraulic fluids.

Whether the relatively high levels of zinc that
were found are associated with ZDTPs cannot be
determined from this data. The same holds true
for calcium alkyl phenate and the sulphonate
derivatives of calcium, magnesium and sodium,
Whether any of the other elements were linked to
organic moieties can also not be established from
the data presented here.

Based on the information provided by the ma-
terial safety data sheets (MSDSs) provided by the
manufacturers as well as published information,
hydraulic fluids can contain high levels of tributyl
phosphates (799) and mixtures of phenyl dibutyl

phosphates, diphenyl butyl phosphates and tricre-
syl phosphates. Lubricant engine oils are allowed
to contain 3% cresyl phosphates of which only
0.19% can be the neurotoxic ortho isomer. In
hydraulic fluids this isomer can be as high as 1%
(Hewstone 1994). It is therefore not surprising
that the hydraulic fluids were found to contain
levels of phosphorus orders of magnitude higher
than those present in any of the lubricating oils.
The high levels of potassium in the hydraulic
fluids were not expected.

It appears from the elemental analyses done on
the hydraulic fluids and the oil samples that con-
centration differences between phosphorus and
potassium can be used to clearly separate the two
hydraulic fluids from the three lubricating oils.
Between the two hydraulic fluids it appears that
barium alone can clearly differentiate between
them.

Mobil oil appears quite different in its compo-
sition compared to Exxon and Castrol and can be
clearly identified by any one of the seven cle-
ments: titanium, vanadium, chromium, man-
ganese, cobalt, zinc and tungsten. Differences
between Exxon and Castrol are less clearly de-
fined and nced to be based on relatively minor
differences, i.e. doubling, of elemental concentra-
tions regarding magnesium, mangancse and
cobalt.

The minimum number of elements that need to
be determined in any of the five samples investi-
gated capable of identifying cach is only three, i.c.
phosphorus or potassium, barium, and cobalt or
magnesiuny.

Whether thesc clemental differences are re-
flected in aircraft air during exposure incidents
involving any of these fluids needs verification.
Since these elemental analyses were done on
unopened cans of oil and fluid, the possibility
exists that the elemental composition of these oils
could change somewhat, based on the number of
hours they have been used in the aircraft, Whether
some of the elemental concentrations referred to
above are affected by this needs to be assessed in
used oils and fluids.

Since the production of these synthetic oils and
fluids arc based on a tightly controlled batch
process {Hewstone, 1994) major differences in
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clemental concentrations between batches are not
expected. Only additional analyses for the ele-
ments referred to above, however, will identify
the extent of elemental concentration variation
between batches.

§. Conclusions

It can be concluded that no toxic heavy metals
are present in the fluids and oils examined. The
elemental composition of each of the fluids and
oils investigated are different enough to identify
each one based on an analysis of only three
elements, phosphorus or potassium, barium, and
cobalt or magnesium.

It should be investigated if these differences
could be used as indicators of exposure to these
fluids and oils during air quality incidents in air-
craft.
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Abstract

The flight crews of aircraft often report symptoms including dizziness, nausea, disorientation, blurred vision and
tingling in legs and arms. Many of these incidents have been traced to contamination of cabin air with lubricating oil,
as well as hydraulic fluid, constituents. Considering that these air contaminants are often subjected to temperatures
in excess of 500°C, a large number of different exposures can be expected. Although the reported symptoms are most
counsistent with exposures to volatile arganic compounds, carbon monoxide, and the organophosphate constituents in
these oils and fluids, the involvement of these agents has not been clearly demonstrated. Possible exposure to toxic
elements, such as lead, mercury, thallium and others, have not been ruled out. In order to assess the potential of
exposure to toxic elements a multi-elemental analysis was done on two hydraulic fluids and three lubricating oils
which have been implicated in a number of air quality incidents. A secondary objective was to establish if the
multi-elemental concentrations of the fluids tested are different enough to allow such an analysis to be used as a
possible method of identifying the source of exposure that might have been present during aircraft air quality
incidents. No significant concentrations of toxic elements were identified in any of the oils or hydraulic fluids. The
elemental compositions of the samples were different enough to be used for identification purposes and the
measurement of only three elements was able to achieve this. Whether these findings have an application, in aircraft
air quality incident investigations, needs to be established with further studies. © 1999 Elsevier Science B.V. All
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1. Introduction

Jet engine oils and hydraulic fluid contamina-
tion of aircraft air has resulted in a large number
of complaints from the flight crew who experi-
enced a wide number symptoms including dizzi-
ress, nausea, disorientation, confusion, lethargy,
tremors, and tingling of the arms and legs
(Bigelow, 1998; Seattle Post-Inteligencer, 1998a,b;
The News Tribune, 1998; The Seattle Times,
1998). As bleed air from the compressor section
of the jet engines is used to pressurize and venti-
late the cabin, any contaminant in this air can
cause exposure to the flight crew present (van
Netten, 1998). When there is an engine oil seal
failure, lubricating oils can enter the combustion
air-stream from which ventilation air is bled of at
a location next to the combustion chamber where
temperatures in excess of 500°C are present. Any
oil contaminant in this air will therefore be sub-
jected to a pyrolyzing environment (van Netten,
1998). Hydraulic fluids have also been shown to
contaminate the cabin air resulting in numerous
complaints from flight crews and passengers alike.
It appears that in certain aircraft, hydraulic fluid
can leak onto the shell of the aircraft at a loca-
tion immediately in front of the air intake of the
auxiliary power unit (APU) (The Seattle Times,
1998). This unit provides ventilation air to the
cabin under conditions when the jet engines are
not operating or when combustion air cannot be
spared from the engines, such as during high
power requirements at takeoff,

A number of articles (Labour Canada, 1980;
Crane et al, 1983; Daughtrey et al, 1996; van
Netten, 1998) have attempted to describe the
constituents of these oils and fluids as well as
their pyrolytic degradation products in an effort
to find a likely agent(s) that might be responsible
for the symptoms experienced by flight crews. A
number of possible agents were identified includ-
ing carbon monoxide, volatile organic compounds,
tricresyl phosphates, and tributyl phosphates.

The material safety data sheets (MSDSs), pro-
vided by the manufacturers, do not include ele-
mental analyses of their products or disclose the

nature of all the additives. For this reason one is
not certain that exposure to a number of ele-
ments, or organo-elemental derivatives, could also
be the cause off, or a contributor to, the symp-
toms experienced by flight crews during air qual-
ity incidents,

Although the elemental composition of crude
oils has been well documented and have been
shown to be a potential source of nickel and
vanadium, as well as mercury (Filby, 1994), the
elemental composition of these synthetic oils and
lubricants and hydraulic fluids is difficult to pre-
dict.

It is known that a number of elements can be
present in these oils as lubricant additives includ-
ing zinc dialkyl dithiophosphates (ZDTPs),
calcium alkyl phenates, magnesium, sodium and
calcium sulphonates, as well as barium and moly-
bdenum (Hewstone, 1994).

Some of these organo-elemental additives are
known to have toxic effects. Repeated exposure
to ZDTPs has been shown to cause skin and eye
damage in experimental animals as well as in-
hibiting spermatogenesis and causing tubular hy-
poplasia in male rabbits (Hewstone, 1994). Simi-
lar effects were observed with high doses of cal-
cium alkyl phenates, There appears to be some
confusion regarding the skin and eye irritation
that has been associated with exposure to sodium
sulphonates (Hewstone, 1994). There also ap-
pears to be some evidence that a mixture of these
additives, as they occur in some oils, are consider-
ably less toxic than the sum of the individual
components (Hewstone, 1994).

A multi-clemental analysis of two hydraulic
fluids and three jet engine lubrication oils was
done in order to determine their elemental com-
position in an effort to identify, or eliminate, the
possibility that exposure to certain elements could
explain the symptoms experienced by the flight
crews.

In addition, the elemental composition of these
oils and fluids, if significantly different enough,
could be useful as an elemental fingerprint and
an indicator of the type of agent that might be
involved in aircraft air quality incidents.



C. van Netten / The Science of the Total Environment 229 (1999) 125-129

2. Methods

Unopened quart cans of Skydrol LD-4, fire-re-
sistant hydraulic fluid (Monsanto Company, St.
Louis, Missouri 63167, USA); Hylet IV-APts
phosphate ester aviation hydraulic {luid (Chevron
International Oil Company, 555 Market street,
PO Box 7146, San Francisco, 94120-7146 USA);
Mobil Jet Qil 254, synthetic jet engine oil (Mobil
Oil Corporation); Castrol 5000; and Exxon 2380
were obtained from the appropriate suppliers.

The samples were analyzed using 0.1-ml
aliquots added to a Parr Bomb reaction vessel
along with 1 ml of Seatar nitric acid. The vessels
were capped and heated overnight at 120°C. The
resulting solutions were analyzed directly by con-
ventional ICPMS. Other samples were diluted as
is, in a 60% propanol/0.1% triton mixture and
analyzed by ‘ultra-sonic nebulization/membrane
desolvation’ ICPMS.

The samples were analyzed for the following

Table 1
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elements: Li, Be, B, Na, Mg, Al, Si, P, K, Ca, Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se,
Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, Sn,
Sb, Te, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re, Ir, Pt,
Au, Hg, Ti, Pb, Bi, Th and U.

3. Results

Many of the elements in the oils and hydraulic
fluids investigated were found to be present at
concentrations below the various limits of detec-
tion. Only those clements which showed differ-
ences in their concentrations are reported on.

A summary of these elements is provided in
Table 1. It appears that there are major elemen-
tal concentration differences between the hy-
draulic fluids and the jet engine oils. The former
category was consistently higher in phosphorus
and potassium by at least one order of magnitude.

Summary of elemental concentrations of two hydraulic fluids and three jet engine lubrication oils®

Element Hydraulic fluids Jet engine lubricating oils
Skydrol HyJet Exxon Castrol Mobil

B <5000 5000 < 5000 < 5000 <5000
Na 3000 4000 < 3000 <3000 3000
Mg 960 1900 1500 500 1100
Al 1100 1200 1400 1000 1000
Si 56000 58000 54000 63000 64000
P (%) 111 113 023 0.28 0.29
K 22000 38000 < 5000 <5000 <5000
Ca < 10000 110000 < 10000 < 10000 <10000
Ti 20 60 100 110 <10
v 600 700 700 800 9000
Cr 2190 900 3360 2230 115000
Mn 300 <100 200 <100 2200
Co 50 30 50 20 520
Zn 13900 12300 14300 10900 5400
Rb <3 4 <3 <3 <3
Sr 12 58 14 10 13
Y 3 4 <3 <3 <3
Cd <2 <2 <2 <2 7
Sb <5 5 <S5 <5 15
Ba 7 390 5 9 10
w <5 <35 <5 <5 57

*All concentrations are in ppb except where otherwise noted.
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Differences, by one order of magnitude, can also
be observed between the two hydraulic fluids for
barium, which was highest in HyJet. Concentra-
tions that were at least double the difference
between the two hydraulic fluids were associated
with magnesium, titanium, chromium, manganese
and strontium.

Differences of one order of magnitude between
the three jet engine lubricating oils could be
observed for titanium, chromium, manganese,
cobalt, zinc and tungsten. All of these were asso-
ciated with Mobil relative to the two other oils.
Differences between these two oils, Exxon and
Castrol, became evident when a doubling of the
concentrations was used. Elements in this cate-
gory included Mg, Mn and Co.

4. Discussion

Of the elements analyzed for, none of the toxic
elements that could possibly be related to some
of the symptoms experienced by the flight crews
were present in these fluids and oils above the
detection limits of <20, <10, <2 and <200
ppb for lead, mercury, thallium and arsenic, re-
spectively. Cadmium concentrations in the oils
and fluids were also below the detection limit of
<2 ppb except for Mobil, which registered a
concentration of 7 ppb. It appears therefore that
these fluids are not a major source of heavy
metals and consequently can be ruled out as
possible contributors to the symptoms experi-
enced by flight crew personnel during air quality
incidents involving these oils and hydraulic fluids.

Whether the relatively high levels of zinc that
were found are associated with ZDTPs cannot be
determined from this data. The same holds true
for calcium alkyl phenate and the sulphonate
derivatives of calcium, magnesium and sodium.
Whether any of the other elements were linked to
organic moieties can also not be established from
the data presented here.

Based on the information provided by the ma-
terial safety data sheets (MSDSs) provided by the
manufacturers as well as published information,
hydraulic fluids can contain high levels of tributyl
phosphates (79%) and mixtures of phenyl dibutyl

phosphates, diphenyl butyl phosphates and tricre-
syl phosphates. Lubricant engine oils are allowed
to contain 3% cresyl phosphates of which only
0.1% can be the neurotoxic ortho isomer. In
hydraulic fluids this isomer can be as high as 1%
(Hewstone 1994). It is therefore not surprising
that the hydraulic fluids were found to contain
levels of phosphorus orders of magnitude higher
than those present in any of the lubricating oils.
The high levels of potassium in the hydraulic
fluids were not expected.

It appears from the elemental analyses done on
the hydraulic fluids and the oil samples that con-
centration differences between phosphorus and
potassium can be used to clearly separate the two
hydraulic fluids from the three lubricating oils.
Between the two hydraulic fluids it appears that
barium alone can clearly differentiate between
them.

Mobil oil appears quite different in its compo-
sition compared to Exxon and Castrol and can be
clearly identified by any one of the seven ele-
ments: titanium, vanadium, chromium, man-

" ganese, cobalt, zinc and tungsten. Differences

between Exxon and Castrol are less clearly de-
fined and need to be based on relatively minor
differences, i.e. doubling, of elemental concentra-
tions regarding magnesium, manganese and
cobalt.

The minimum number of elements that need to
be determined in any of the five samples investi-
gated capable of identifying each is only three, i.e.
phosphorus or potassium, barium, and cobalt or
magnesium,

Whether these elemental differences are re-
flected in aircraft air during exposure incidents
involving any of these fluids needs verification.
Since these elemental analyses were done on
unopened cans of oil and fluid, the possibility
exists that the elemental composition of these oils
could change somewhat, based on the number of
hours they have been used in the aircraft. Whether
some of the elemental concentrations referred to
above are affected by this needs to be assessed in
used oils and fluids.

Since the production of these synthetic oils and
fluids are based on a tightly controlled batch
process (Hewstone, 1994) major differences in
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elemental concentrations between batches are not
expected. Only additional analyses for the ele-
ments referred to above, however, will identify
the extent of elemental concentration variation
between batches.

5, Conclusions

It can be concluded that no toxic heavy metals
are present in the fluids and oils examined. The
elemental composition of each of the fluids and
oils investigated are different enough to identify
each one based on an analysis of only three
elements, phosphorus or potassium, barium, and
cobalt or magnesium,

It should be investigated if these differences
could be used as indicators of exposure to these
fluids and oils during air quality incidents in air-
craft.
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The Secretary,

Senate Rural and Regional Affairs and Transport References Committee,
SG. 62

Parliament House,

CANBERRA ACT 2600.

Dear Sir,
1. Re: Proposal to replace Pressure Altitude and Mean Tracheal Partial Pressure of Oxygen as the
criteria for flight crew capacity to act at altitude, with Blood Oxygen Saturation Level.

Surveys of accident investigation records attribute about 70% of aircraft accidents and incidents to
human error. Of these, the greatest number occur in the later phases of flight, during the descent,
approach, and landing. This is, recent research suggests, when the crew are most likely, even when
complying with current regulations, to be subject to a degree of incapacitation due to hypobaric
hypoxaemia, or lack of sufficient oxygen.

The degree of incapacitation is determined by the deficit in the amount of oxygen transferred from the
alveoli (air sacs) in the lung to the pulmonary capillaries, which in turn reduces the amount available
for uptake by the tissues. Whilst this may present no difficulty if it occurs over one or two minutes, it
will result in impairment of higher cerebral function if it continues over more prolonged periods.

The amount of oxygen in arterial blood can now be easily measured with a pulse oximeter. This
instrument can provide a reliable measure of blood oxygen levels spectrophotometrically. This is
performed by placing a small probe onto a finger and transmitting light through the finger. A sensor in
the probe then measures the wavelength of the transmitted light and compares it to known values of
blood oxygen levels. It indicates the result as a percentage of the value that would be recorded if the
blood oxygen levels were at a maximum. This value, known as the saturation level, is then displayed
on the oximeter screen. Pulse oximeters are small, reliable, consistent, cheap and can be used with
accuracy after only a few minutes training. Flight crew can monitor their own levels in flight, and
take corrective action to maintain these above the required minimum,

Under the present rules (CAO 20.4) all flight crew can operate in a cabin pressure up to 10,000'
without supplemental oxygen for up to 8 hours, day or night,

The July, 1998 issue of the CASA Publication, Flight Safety Australia, carried an article, which stated
that hypoxia could affect flight crew's night vision, at altitudes as low as 4000', and concentration and
judgement were likely to be affected on long flights, well below 10,000, It further suggests that the
accompanying sense of well being ensures that pilots without training and experience will not
recognise their intoxication.

Other published work tends to confirm the belief of many pilots, that crew capacity is impaired in
subtle ways well below 10,000'. Above this level, the effects are obvious to an observer, and if you are
exposed long enough, you lose consciousness. At lower aliitudes, you don't pass out, but fatigue
accumulates quickly. Studies indicate that cognitive, decision making and calculating abilities and
short term memory all begin to deteriorate from 5000' to 8000',; 4, though well learned skills remain, 5.
Work in 1997 at the FAA's Civil Aeromedical Institute, found pilots continuing to make more
procedural errors on descent from altitude and approach; , indicating that impairment does persisl for
some time after returning to a lower level. .
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This presents less of a problem to a pilot carrying out a weli rehearsed routine. The problem comes
when he is presented with new information, or a new or different situation requiring the application of
cognitive skills. Then there is a greater risk of an error or delay in judgement and or decision making.
Usually the new situation arises towards the end of a flight. The still partially hypoxic crew have to
plan and execute an Approach and landing, often with significant differences to what they may have
been expecting.

The physiological response to altitude of fit young men has been found to vary widely, both between
individuals, and in the same individual, depending on his physical condition and level of arousal, , \o.
The pilot population , particularly in General Aviation, is not composed of fit young men. After 50 the
arterial plasma oxygen tension, which alone governs oxygen transfer to the tissues, normally drops;. As
with the rest of the population, some pilots are smokers, which limits their lung performance,. Length
of exposure at altitude also plays a significant part. Lactic acid accumulates in hypoxic tissues, which
shows up as fatigue, which further magnifies the effects of the hypoxia.

Current ideas on safety emphasise the chain of multiple causes, which together end up in an accident.
At the wrong time, perceptual error, or a delay in responding, may make the difference between a non-
event and an accident. Most pilots are unaware of the effect of low levels of hypoxia on their
performance and fatigue. There is no requirement for them to be told, and the nature of the effect
makes it unlikely that they will work it out for themselves. It usually takes some experience, both
without and with Supplemental Oxygen, to demonstrate the difference.

This proposal is to require flight crew to monitor their Blood Oxygen Saturation level with pulse
oximeters, or use estimates from records established for each crew member under similar conditions,
and maintain a2 minimum level, by use of additional supplementary oxygen, or lower cabin altitude.
There should in particular be a minimum Saturation level maintained during descent and instrument
approach.

2. Re: Low level Hypoxia and Oil Mist.

The oil mist problem probably presents a hazard that is a bit subtle, and there should be some advice
given to pilots on the dangers and appropriate procedures in the event that they encounter it.

A fine oil mist entering the cockpit or cabin of a pressurised or unpressurized aircraft has the potential
to incapacitate the crew and passengers, probably without their realising it is happening.

Oil and lungs don't get on well together. The wall of the alveoli, or air sacs, is coated with a surfactant
film. It has a low surface tension which is required to maintain the open geometry of the air sacs. Any
small quantity of oil {or lipids}) alters the surface tension. That can cause distortion or partial collapse,
and affect ventilation and blood flow matching. It may even upset the sac's ability to remain open, and
will provoke a reaction that fills the sacs with fluids and makes the damage more permanent. The
references provide examples of this. The net result is that the lung's capacity to transfer oxygen from
the air breathed in, is reduced, and probably fairly quickly.

In an aircraft cockpit or cabin, the crew will already be partially hypoxic, because the cabin pressure is
well below that of sea level. A pressurized cabin is normally maintained at a pressure equivalent to
6000' to 8000". A loss of some lung capacity will drop their blood oxygen saturation levels further, so
they will probably experience hypoxia equivalent to a much higher cabin altitude. If the loss is severe
enough they may become incapacitated, without realising what is happening.

If a person breathes smoke, the large particles are intercepted in the nose and airways, where their
deposition causes chemical or mechanical irritation, manifested usually by cough, chest tightness and
sometimes breathlessness, so he knows that he is in trouble. Particles, including fluid droplets below 5
micron in diameter, will largely pass through the mechanical defenses on the lung and reach the
alveoli without there being much of a physical cue. There are no nerves in the lung itself.
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There appear to be no training or emergency procedures appropriate to handling the entry of oil mist
into an aircraft cockpit or cabin. It is probably not a common occurrence, but there are stories of an
oil mist entering in several aircraft types. It deserves some consideration..

We recommend that advisory material be provided to flight crew on the hazard presented by oil mist
entry to the cockpit or cabin. This should at least cover identification and emergency procedures.

Yours sincerely,

Andrew Thom Jonathon Burdon.

Annex 1, List of references.

Annex 2. Authors' background.
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BRITISH AEROSPACE A{",‘ British Aerospace Australia Limited

- n Regional Aircraft
Australia L1, 2B Lord Street
Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +61 2 9666 8065

3" September 1999

The Secretary

Rural and Regional Affairs and Transport References Commiittee
Parliament House

Canberra ACT 2600

Dear Sir,

The planned Australian Government Senate Committee Inquiry into airspace 2000 and
related issues incorporates a “term of reference” on the examination of air safety, with
particular reference to cabin air quality in the BAe 146 aircraft.

On behalf of British Aerospace 1 would like to provide our submission in response to that
particular term of reference. The enclosed submission and attachments provide background
information on the BAe146 aircraft and on the subject of cabin air quality. The submission
includes the following attachments:

Australian BAe146 route map

Couniries where the BAe143d is certificaied

Report dated July 11 1992 prepared by Dr V. Vasak

Published report dated October 1996 prepared by C. van Netten
Report dated August 1897 prepared by Richard Fox

I would like to register the point that British Aerospace reserves the right to submit further
supplementary submissions to the Senate Inquiry. In particular we reserve the right to make a
further written or verbal submission on the BASI Occurrence Report relating to an in-flight
cabin air quality incident on an Australian registered BAe 146, which was released yesterday.

British Aerospace would also welcome the opportunity to brief Committee members on its
company and the BAe 146 aircraft and we look forward to hearing from committee members
in this regard.

British Aerospace looks forward to contributing to the Senate Committee Inquiry and assisting
the Committee in addressing any issues relating to the BAe146 aircraft.

Yours sincerely

0 2 5FP 1999

Sangte Rural and
_Fr2bg:;nal Alf3ies and
"y, 5 mmites
Bruce Jones 5, Transport Coman
Senior Vice President

Australasian Support

A Butish Aerospace Company
British Aerospace Austratia Limited
ACN 008 423 005
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BRITISH AEROSLPACE A“}‘ British Aerospace Australia Limited
T Regional Aircraft

Australia L1, 2B Lord Street

Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +61 2 9666 8065

3" September 1999

The Secretary

Rural and Regional Affairs and Transport References Committee
Parliament House

Canberra ACT 2600

Dear Sir,

The planned Australian Government Senate Committee Inquiry into airspace 2000 and
related issues incorporates a “term of reference” on the examination of air safety, with
particular reference to cabin air quality in the BAe 146 aircraft.

On behalf of British Aerospace { would like to provide our submission in response to that
particular term of reference. The enclosed submission and attachments provide background
information on the BAe146 aircraft and on the subject of cabin air quality. The submission
includes the following attachments:

Australian BAe146 route map

Countries where the BAe146 is certificated

Report dated July 11 1992 prepared by Dr V. Vasak

Published report dated October 1996 prepared by C. van Netten
Report dated August 1997 prepared by Richard Fox

I would like to register the point that British Aerospace reserves the right to submit further
supplementary submissions to the Senate Inquiry. In particular we reserve the right to make a
further written or verbal submission on the BAS! Occurrence Report relating to an in-flight
cabin air quality incident on an Australian registered BAe146, which was released yesterday.

British Aerospace would also welcome the opportunity to brief Committee members on its
company and the BAe 146 aircraft and we look forward to hearing from committee members
in this regard.

British Aerospace looks forward to contributing to the Senate Committee Inquiry and assisting
the Committee in addressing any issues relating to the BAe146 aircraft.

Yours sincerely

Bruce Jones
Senior Vice President
Australasian Support

A Bntish Aeraspace Company
Bntish Aerospaze Australia Limited
ACN 008 423 005



BRITISH AEROSPACE &,

Regional Aircraft

3" September 1999

British Aerospace Submission
To

The Senate Rural and Regional Affairs and

Transport References Committee

Inquiry into Airspace 2000

Introduction

The planned Australian Government Senate Committee inquiry into airspace 2000
and related issues incorporates a “term of reference” on the examination of air safety,
with particular reference to cabin air quality in the BAe 146 aircraft. This briefing paper
provides the British Aerospace submission in response to that particular term of
reference.

1 Summary

Page 1 of 4

In excess of 350 BAe146 type aircraft are in service, with 52 airlines. The aircraft
is certificated in 37 countries.

The BAe 146 air conditioning system is conventional, similar to most jet airliners
and conforms to international standards.

Reports of cabin air odours have been received from time to time and have
predominantly been determined to be due to minor systems failures such as leaks
from oil seals on the aircraft engines or auxiliary power unit (APU). The engine
and APU manufacturers introduced modifications in 1992 that are designed to
prevent oil leakage into the air conditioning system. These are being embodied in
aircraft all over the world with excellent resuits.

During 1998 CASA undertook a review of the BAe 146 air conditioning system'’s
compliance with certification and airworthiness requirements and were satisfied
with the results.

3 independent analyses (see paragraph 4)_of the air supply have been carried out
and no health or toxicity issues have been identified with the air supply on board
the BAe146 aircraft.

In recent times the subject of cabin air quality has become an industry issue and
several aircraft types have been investigated principally in the United States and
in Australia.

Recently a judgment has been made in the case of Alysia Chew and Ansett
Australia. In this judgment, Moran J quoted evidence from a panel of medical
experts that the levels of measured chemical contaminants in the cabin air were
not a threat to the health of aircrew or passengers.

Submission 3-9-99



2 The BAe 146 Series

It is a regional aircraft designed and built by British Aerospace in the UK.

It is available in three versions ranging from 70 to 100 seats.

it is powered by 4xTurbofan engines manufactured by Allied Signal.

It was initially certificated by the UK Civil Aviation Authority in 1984.

In excess of 350 BAe146 type aircraft are in service, with 52 airlines currently
operating in 27 countries.

The BAe146 has never suffered a passenger fatality or a fatal accident due to
technical failure in more than 4.5 million hours of operation.

The BAe146 type is in worldwide operation with leading national and mainiine
customers such as Lufthansa, Sabena, City Flyer/British Airways,
Mesaba/Northwest Airlines, Crossair, KLM and Turkish Airlines.

The BAe146 aircraft started operations in Australia in 1985

42 x BAe146 aircraft operate within Australia and New Zealand with the major
airline carriers

The BAe146 operates to every State and Territory in Australia.

3 Design and Certification

The BAe 146 type is certificated to operate in 37 countries including the UK, USA
and Australia.

The BAe146 aircraft in Australia are typical of the rest of the world fleet.
Australian certification was granted following a detailed technical review of the
Airworthiness Requirements and the design of the aircraft.

The BAe 146 Air Conditioning System is conventional, similar to most jet airliners
and conforms to International Standards

There are no national differences in requirements for the air conditioning system
and the Australian Department of Aviation accepted compliance concurring with
both the CAA and FAA.

The BAe146 is designed to operate with the air conditioning system recirculating a
proportion of the air. This is normal for all aircraft types and the recirculated air
improves humidity levels and helps reduce the symptoms of watering eyes and
nasal and throat dryness caused by dry air.

During 1998 in the light of cabin odour reports, CASA reconsidered the BAe146
air conditioning standards and its compliance with certification and airworthiness
requirements, in the course of which it consulted with the UK CAA. BAe
understands that CASA was satisfied with the results of that exercise.

4 Independent Analysis of the Air Supply

Page 2 of 4

In 1982 Dr V. Vasak conducted an analysis of air in BAe146 aircraft operated by
Eastwest Airlines (now part of Ansett Australia). The report stated that there
was no evidence which would support the opinion that reported cabin
odour would have lasting adverse health effects on flight crew or
passengers. (A copy of this report is attached)

In 1996 Chris van Netten of the British Colombia University conducted a
comparison of air quality in various types in the Air BC fleet. No health or toxicity
issues were identified and his published report stated that the air quality of
a hormal BAe146 compared favourably with that of a Dash 8 aircraft not
associated with cabin air problems. (A copy of this report is attached)

In 1997 Allied Signal in conjunction with Ansett undertook toxicity testing on
Ansett aircraft. The report concluded that the air supply was within safety
fimits. (A copy of this report is attached

Submission 3-9-99



5 Cabin Air Quality

In 1992 reports of cabin odours appeared in Australia and investigation
established that small quantities of oil could migrate through Auxiliary Power Unit
(APU) and engine bearing seals into the air conditioning system. (Independent
analysis of the cabin air indicated there was no danger to passengers, cabin crew
or flight deck crew).

In response the engine and APU manufacturers have since introduced
maodifications, which are being embodied world wide with excellent results.

In 1992 Domnick Hunter, a UK specialist company worked with BAe and analysed
air samples as part of the work which led to the definition and introduction of the
BAe cabin air filtration system. No toxicity issues were identified.

BAe assisted Ansett by providing an Oil Coalescer and Air Filtration System for its
BAe 146 fleet during the engine and APU modification phase.

In July 1997 a BAe146 pilot suffered vertigo following selection of an engine air
source on a system previously diagnosed as faulty owing to a failed engine oil
seal. British Aerospace has responded to two draft reports prepared by BAS| and
is aware that BAS! is currently in the process of issuing an Occurrence Report on
the incident. Those draft reports are classified as confidential and British
Aerospace is unable to respond publicly to the BASI report until it is officially
released.

The aircraft design provides an in-flight means to shut off contaminated air supply
if this occurs during flight.

3 independent analyses of the air supply have been carried out and have found
that no health or toxicity issues are identified with the air supply on board BAe146
aircraft.

British Aerospace is not aware that any of the events, which have been
investigated since 1992, have established any risk to the safety of either the
passengers or the crew relating to any BAe146 during flight.

6 Recent air quality issues

In recent times the subject of cabin air quality has become an industry issue and
several aircraft types have been investigated principally in the United States and
in Australia

Recent world wide cabin air quality events on many aircraft types, not just the BAe
1486, have included the use of anti-icing fluid on the airframe prior to take off and
the use of excessive amounts of dry ice in the galley.

During 1998 British Aerospace and Ansett reviewed a number of options to
enhance the working environment within the vestibule (galley) area of the
BAe146. Subsequently optional modifications have been introduced as follows:

- Removal of potential odours from the toilet compartment and the reduction in
carbon dioxide levels {caused by the use of dry ice) by installing an electrically
operated toilet extraction system.

- Improved air movernent in the vestibule (galley) through an additional air
outlet in the forward and rear vestibule.

- Improved lighting within the vestibule area.

- Extension of the conditioned air tubes in order to provide air outlets in the roof
panels between the overhead luggage lockers.

Note 1. (The above modifications are customer optional and have no effect on the

certification standard of the aircraft).

Note 2. (British Aerospace has recommended to operators that they use recirculation

Page 3 of 4

mode to increase the humidity in the cabin in order to reduce the effects of
watering eyes plus nasal and throat dryness caused by dry air).

Submission 3-9-99



7 Industry Awareness

Cabin air quality periodically becomes an industry issue with cabin crew and flight
crew (and very rarely with passengers). Several aircraft types have been
investigated principally in the United States and in Australia.

Recently a judgment was made in the case between Alysia Chew and Ansett
Airlines which arose out of her work as a flight attendant on the BAe146 of
Eastwest Airlines between January 1992 and October 1993. In his judgment,
Moran J quoted evidence from a panel of medical experts:-

The levels of measured chemical contaminants in the cabin air were not a threat
to the health of aircrew or passengers.

Contaminant levels were well below internationally accepted occupational health
standards and cannot precipitate any chronic disorders.

The levels of contaminants were hundreds to thousands of times below those
levels known to cause neurotoxic sequelae.

it should be noted that Moran J acknowledged that Ms Chew’s had a pre-existing viral
condition, which made her particularly sensitive to irritants.

8 Conclusion

Page 4 of 4

There has never been any evidence of any toxicity in the BAe146 cabin air, and
since 1992 there have been a number of independent analyses into the BAe146
air quality, and none of them have established any risk to the safety of either the
passengers or the crew or breach of accepted safety standards.

Nevertheless, British Aerospace has throughout remained sensitive to its
customer needs and concerns, and has in particular worked with the
manufacturers of the engines and the APU to produce a package of optional
madifications in 1992, and more recently working with Ansett to produce a suite of
customer enhancements to improve the cabin environment.

Submission 3-9-99
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INDUSTRTAY, HYGIENE AND
BRVIRCNMENTAL sESavice LASORATORTES ?/L.
25 Hunter Ave, §T. IVES NSW 12075 z
Principal Consultant Dr V. Vasak .

L

"CABIN IR _GONTAMINATION IN Bhe 146 in EASTHEST AIRLINES

In addition ta By . prelzmznary teport of June 31, 1992, T an
presentinq the “Results of analyses" Na 301.986=1 awd
202310~4 by the WorkCover Authority lahoratery. These

“Gocuntents refer tu samples collacted on the test f£light. on

May 15, 1992 in.Sydaey and June 4, 1992 $ydney-Coolangatta
and Brisbane-Syduey, ° :
Included are my conclusions drawn ftom the laboratary

results and general ccmments.

SAMPLING PROCEDURSS AND DESCRIPTION OF SMMPLES

The ‘samples N 201386 and 201987 were porticns from the

original pelyurethane £illers removed from the outlet of the

* 2ir duct.into the cabin. i3 these £ilters must have been in
. 8itu for considerable time it was expacted thiat they are
pepresentative of the aily contaminant anterang the cabin. .

The extracts from thesa filters vere analvced by an infrared

spectrophatometry as well as by a fluorimetrie scan. The
similarite «ith the unused MOBIL JBT Oil II was alsoe
investigated, as this lubricant is expected to enter the
turbine compresser section whivh is the source of tie bleed
azr used ta pressurise the eabin. -

‘The samples Yo 201988, 201989 -and 201990 vere absorbent

tubes with the X3D polvmer and the .sample No 201991 was an
activated charcoal tube. Alr {n the cabin was drawn thraugh
these tubes by battery driven pumps (Bpactrex PAsS<3000

"Personal Air Sampley) calibrated for the correct flow rate.
The pumps vere situated ir the aircraft at the locstions

gejc.xhed in the report (cockpit and seats 1/G, 8/¢C and
8/7A)

The ¥orkCover Authority wepert Ye 201986-1 states thatb mo
similarity has been found between the cdllected samples and
the upused MNobil Jet 0il 1I. This fact made the quantitati%e
evaluation aof the samples impossible,



b

. the
. gomevhat.changad analytical spectriir of, contaminante 4n the

. -2-
l‘ !.

d ] ]
The ‘dissimilarity betveen the contaminaats collected on the
sorbenta and the unused Medil Jet 0L1 IX iudicated that thue
ludricant has underveut some change. It is vell known from
ether literature gaulces that more than 50 indlvidual
eomponients could be presest im such synthebic oils. The
thermal degradation or partial decomposition of the aXl mist

© 4n a catalytic converteyr can occur: :

he ¢radual stripping of 'the mare volatile com onenta Erom
[ got'oﬂ in tgg alr duct pay 21go mte:lbutg to a

tabin. .

A full identification of the individuzl odotoums.trace
gomponents could nrot he carried out by the WarkGover -
laboratory mainly because of the low volatility of the . .
luhricagt ingredients vhich makes the.GC Separation -
difficule. i . o

A11 ain samples were further analysed -for the presente of
tricresyl phesphate vhich §s known tg be present in minute
quantities in the Yobil Jet .0il. The presenca of tricresyl
phosphate would be of cotsiderahle concern as one of the
isomers {ortho) is known for its neuretoxi: properties:

" *Using high performance liquid chrematagraphv. (RPLC) the

tricresyl phesphtate could hot be detected ilu aly of the six
samples. v

“The report ¥o 2023i0~4 refers to air samples taken on the

aireraft EFS in flight .sydneg-Coolangatia ‘and the EWR from
Brisbane to Svdnuey. . . s

Samplés of used oil from zwi alrerait vere also collected
and Jabeled vith the engine wumbers 1, 2, 3. 4 and APU.

The gauze insarted for a pumber of days ifito the air dust

"came from the aircraft EWR and i{s described is the report das -

|'s“ab“ N L]

The sampling train consisted of & Millipore membrane filter
of porosity 0.5 micrometres follovwed by a ~harcoal

ghsorptioh tube. SpecireN pumps were calibeated for the £low -
vith the resistance of the sorption unit., . -

In the sample S0 201310 collected in zhe cwgkpit, the
absolute amount of oil was 0.12 mg. With tae flov rate .of
0.75 L/min ard aperation time 113 minutes, the total volume
of air sampled was 85 litres and the calculated °
conceatration of oil in the air vas 1.4 mg par meter- cub.

In the sample No 202313 coliected mig cabin an the EWR
£light Brisbane~Svduey. the amount of oil collected was 0.089
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' mq. ¥ith the flov vate of 0 9 L/min and the ope:ation tlma

79 adin, the total velume of air van 71 litres dmd'the
calcnlated congentratisn of oil #ss 1.3 g pac weter cab.

In both of. these cases the similardty betvoen the used Hobil
Jet 011 II and tMe contaminant is the alrcratt vas confirmed
by a spectrofiuorimetric, scan. .

In the samples No 20211 and 20212 frcm the £1ight of EWS ,
§YD~BRS abt locations 13L/H and 20 L/H tHe scan conld nov be
matchoed with the submitted used vils and therefore the )
quantification vas hot possible.

The chubesal tubes were apalvsed sepazatelv for vnlatile
componente, In the, cockpit the concentratiom of 0.0 &g of
toluene could de datected, In the sampled valume of 85 .
litres, this corresponds to a eqneentration of 0.11 mg of"
toluene per metel cub of air

In the remaining three samples of a;r taken ia the cabzn.
toluene was pot détectadble.

The Exposure Standard for toluene as a time Veighce& average”
for an 8 hour shift is 377 mg/t cub. The short term axpasure .
1imit is 565 wg/weter cub. The comceatration of toldede inm _
the cockpit (0.1 mg/nete: cub} was considered négligiblo

The mindte quancities of ethyl aleohol fomd in the' samples

‘No 202310, 203311, 202312 and 302313 were 0.03, 0.04, 0.99,

0.01 mg regpectively. Expresging these apsolute figures as
concentration of ethyl aleohel in milligrams. per meter -
cub.in alf, all these results are negligiblyv 16w (less than
1 mg/metor cub, vhile the Exposure standard would allew
concentration for ethyl alecchel 1 880 mg/m cud), .

The source of the echyl alcolol, accordinq to the .-
.maintenance personnel, may be the mathylated spirit used in
the cleaning of the gabin interior.

COVCLUSIOVS

The quantatatxve determinatien of the axr »cntamlnants in
the cabin poses analvtical problemy as the levels. dke: -low
and the composition of the highly complicated mixture
varies, fThe emission can be affected by the operational

. conditions of the ajreraft, temperature of the tupbine air,

performance of thie eatalytic converter and other factors.

In the case whers the speetral match betveen the contaminant
and the Mobil Jet Oi1 II was found, the concentration of the
ol mist in the cockpit was i.4 mg/m cub and in the cabin |
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C1 mglmeter eub, This is'vithin the reuamuended Yorksafe
Exposure Standard of $ HY par meter cub (TWA for 8@ hours
inhalation exposure in vorkroom atmesphere), The same limit

.. for oil migt 1s suggestéd in tha Material §ifety Data Sheet

R by Yobil.

L .. The apalyges have ghowm that the puzcntiall toxie triereayl
\ ' phospbste tould not be detacted ju any of the wamples
: ; .collected in the air duct, cabin and cockpit.
| ‘The detection limit af 0.01 mg guoted by the WorkCever *
) ' Authority laboratory. is adeguate £ur this detexmination,

| . . ,
B : ‘ .,-;4':
n .

|

" as reported previouslv the carbon munaxi&e gould not be
« detected In the cabin air either on the ground or in the
‘¢11ght during, varioys operational wodes, The cacbon dioxide
measwred at various ocgdsiens during the fdight us well as
: during the testing of the engines on the grcuad was vell
vxtﬁin tie hyvgiene szanﬂaxa.

]

5

| . .¥uile the contaminants in- the cabin air can cause diseomfart
-and be considered a nuisance there iz at present no evidence
which would support the opinion that the odbur wouwld have
* lasting adverse health effects on the £light crey o
passengers, On.the other hamd providing a cleas ¢abin
atmgsphere as far as technieally possible Yill always be the
l ‘ princxpal aim of the occnpat;onal hxqiene. P )
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n' ,.\‘ . The reason.thdt only a limited numbar of quantitatlve )
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resnlts for conceutration of the oil mist were preduced up
to rnow lies in the methodical difficulties uf. quantirzcation .
X of this type of air contaminants. .
. It took more than a month of the RopkCover autharity
laboratory effort to provide the first resules 23 varmous ,
! analytical approaches bad to be tested.

Unlezs the ‘prodlem of the cabin air eantamxnat;an is
. satisfactorily resolvad geon by technical means. e.g nev’

! catalytic convertors, electrostatic precipitators, ‘filters
or a "burn off" procedure, further tests should be carrded
ent. Greater mgmber of representative samples is required to
‘confirn 3 low concentration of oil mist 38 the cabin as this

' gan vary with oparation of the aitcraft and its maintendnce.

Strong suggestion was made that the aircrag: manufacturer |
provides the testing procedure believed to be developed by
the Ametican 53R EIL Commitcee for testiny the 'cadin air for
ecntamination by lubricants and their dagradation prodests.

The sbove procedurs racommends 3 partable !lamé ionisation
Aeteqtor (FIN) as a “cavbon cpuntei”. This teehnique would
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" ot aliov the separation of :.mhviduai sonpanents but could
jnstantly evaluate the'total.level of an organie I

* - contanifants in tha ¢abin aid.

Parallel Yo the efiarcs of East¥est A;:a.ines to resalve the ‘
‘problem by technical means, a literdture seareh is - .
continuing for any furthet informativn on toxicity of !
degradation.proditets of the Jubricant. Contact vith the'
.overseas’ mannfactutax:. Hobdl. 011. has uready heen

:mztiatﬁd. _
,.?,'~.' 3 :;"

o : .Dr Vigdimir Vasak
Fellew o£ the Australidn Institute ef Qcoup. uygiemsx:s
‘lember of nhe Britich Insﬂitute of Occnp. Hyg:.amsts
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de v

. St--Ives,"July li. 1‘9.'3'2 .

L

Enclosure K
2 Vor}.&:cver Authuritv repurts



l

|

| ~ . . . \A

P St " A
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B v Vasak .
25 Hunter Avemue
gm IVES NSW 2075
| RESULTS OF ANALYSIS ,
Samples Analysed as Received.

+

. SAUPLE ORTGIN: East West Alxline
| shMPRNS: Air Pilter (201386, 201587);

YAD Tube (201988, 201983, 201950);
_ Charcoal Tube (201591)

DATE OF ‘INVESTTGATTON: 15/5/92 DATE RECEIVED: . 18/5/532 °

ANALYSIS REQUIREDS SQEGt:cfiuarima Scan and
R + . Tzicresyl Phosphate by HPLC

1 . e SpectroflucTinetzic
Reg No { Sanple Ib . . | Seans of Extracts

| 261986 Alr Filver' ' :
201887 . - | Aixr Filter ‘

83 -~ 1/2 -t The seans £or all

=S —E . - - of these extracts
201989 - II - cackpit ggr: nott:mila:‘:-‘to
201990 IIT - 8/¢ ToaRes Tow Mobad
201992, -IV - 18/A o '

COMMENTS: DBoth airfilter extracts (201986 and 201387) were

© chegked by infrared seans as well, and were also found 4o be -

net similar to an {nfrared spectrum of Mehil Jet 0il XI. The
above six sample extracts were dlsg ‘tiusted for tricresyl
phosphate by HFLC and hothing was Qetented in .auy 'of +the
sangles. OQur detection' limit for tricresyl phosphate by ¥PLC
iz 0.05 mg/sample. .

v 2’
A
;

Robert. Geyer

Janager

Laboxatory Sexvices

pate: 677792

' " LABORATORY SERVICES 5A Fionear Avenie Tho:nle gt NSW 2120
" Phonc (02) 484 665§ Fax(02) 9B €549
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= Mp. ¥ Vasak

a5 Runter Avenue ' ‘ .

l 5T IVES NE® 207S
. " " ansvi?s or ANALISLS

» o Samples Aralysed as Received ,
n mw 63::#1«! Ee'm;: West Aiflines o ' ' |

W DATE OF INVASXIGBTION: 1/6/92 DATE RECEIVEDS 10/6/92

ul—;bu- Gnsﬁsv anﬁ

agmh?sxs REQUIRZD: apecu uaaﬁv tean

Qualitation and Quantitatisn of 011 Mick
- S ' Speﬂtxafluc:imetnc
Reg No | Sample | sample ID | Scans of Extxacts ng oil
1202310 |.Filter |Ia * ' Eotn Scd:ns v&-e sn;ilar 0.12
302317 | Filtex |Iva . |- ®n9ime.cil:d an _Jolos .
202311 | Filter |Ira - Scans vers sizllar léuc '
‘ 1 eou n Jqate p
202312 | Filter |IITa With any Gf the .

! 202214 swab | ERR L pubmitked 0ils .. .. . K

[~ COMMENTS: "The oz.l mist loadings on, the' filters were var.-y
light, Hence, the ‘charceal tubes were net analysed for oil
mist but rather, individual selvent compounds. None af the

I _..abova filter sample scans weye similar ¢o the 'scan for the A‘N‘ :
‘oil. Enqine oils 1 and 3 had similar scams.. ... ¢ ' .

]

l-. ) L Charcoal Tubes.
. ) Reg No thancl mg Toluene ﬁé‘
R - 202310 | ‘0,03 0.01
. laoe3i 0.04 K/D.
_ | ) © .| 202312 0.09 N/9
e 'auzaa.:s g.01__ |  N/D
L ' ‘ . NfD: Net De‘c.ecte:l

'DETEC!"ICJN LINIT: Szngle Substances - 9.01 mg/sam -3
} Complex & Groupsd Substaz,ces - 0,1 mg/sample.

I ‘ﬁ]//c(

. prert Geyer - manager
' Lapuratery Services
bate:. §/7/92

! ABORATORY SERVICES 5A. Plcnec' Avenle mamnti;h NSW 3 120
228 BmarMl BB 25
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Air Quality and Health Effects Associated with
the Operation: of BAe 146-200 Aircraft

Christigan van Nelen .

| F Msalth Care and Epidemiology, Uat
Department of Haa Epi ,vvbw il

Poar sir quakty snd bl complaint Gom fight orrwn operating

BAw196 sircraft, requicies sdmiasinn tn eegmicy departmenn of |

seven occsfions, 124 o @ rvmstigation o the sques of tooe
problems, Heah eaewpling conld be chasilfiad & dhow sonsinse
with axpamwe v cathost maoxie, nespimcey irvieantz, amd pouthls
newgulogical agene. Calin 3 b bled off Som the sogine's comiag-
S 2C, pusses throngh & cvtalyrie converter to i tite air from o
cuntprineTw, & conld fom 550" to 50°C; sod crevy the cabin afiee
it pawes troagh an airpack mnis wiih conditicns the 3t as appese
priuie, Excotsive of lealage o ol 3l oveddoaded tm anlytic
Sraryertag, ollowing swoka and Inkxicwing oil ATORMLON t axtes
the cabin. A complaint airera® ajr, dosing o st fighe, waz frind o
eomtin ofl contavimntinchuding siocaor inbeicatiog alls, as well i
rshylatod propune snd bitaoe ey detivesives, Teiaveryl phos-
Phatcy, haows 1o be setroande, ware idenr’fied in bulk ol samples,
bt comld po e demnoteestnd in the cabin aiv, Alr quakiy mossawe
mrats in 3 problan aonét saeed on the Gowes ndicsnd czinn
oumioxide at 3 ppen aad cirbon diride ar 900 ppute. At qualicy
measraments dnsiog ool commerrial filghss of dhen mcenn-
pleicz aleeraf (twwe BAsI46r sod oo de Havilund Db 8-100)
shyorrd 80 detenbic lovals of carbon mencside. 800 w 2700 ppen
for czboq Woxide, ad 176 o0 21,9 pateamt for cxypen. Carbon
diarride 3nd cvygm Jevels wookd chaaye prodctably dwiag Wil
and landing Gty farmacr and pressriamion wwd Geprawizmion fex
th latter, Getbaxybiaesogiolin lowals in foar fvlividial sdmined 0
sonerpency drprymenn phpel v 07 W 2.0 perent. Soos £0
et @rboa monoxide reanxemsene were avalisule dusig these
iwcidazty, i was recommuendeed that putesial (rublom sivcrt be
equipred widi detalogging crhon monamids oditon t idmely or
wtisianes cashos monmids exporuoe s s problem. v Neney, G AR
Quarty anes Hearmy B Amean we o Cotuen o RAE 146-X00
Aptast, Am. O, B, Hig, 13{101:723-729; 1996, © 1998 ATHL

Compbinu of il health Gom fiphr crews openatiog the
British Acrospare BAe-145 tener sieruft, followed by
dreats of 3 walkous, initared an invwtigaton inm the com-
phint and e Biswry and gperation of these niveesds,

The diremft was conceived i 1973 gnd designed for short-
nnge taaspere. In 1981 it way cexe flown and acquired ths
nume “the quict 88 2 refection of the quiet epenation
of ity four turhofan engine, @ Avthe end of 1993 3 woml 0217
BAe 146 zireraft were in uss woddwide, OFf thae, 193 wae
being aperated by 59 diferent giclines; 19 by mannficturers,

of Coluinisia, Jomee Mathae Building, SBO4 Fuiniew
T e Ve

brokers, and leasiog companiss; 4 tg a numher of govems
ments; and 1 by a private operator.®@ The majosity of these
altarfi (199) ave poopelled with four Textmy Lycoming tur-
ojer engines (ALF 502R5). Thexe engines are not used in ay
ofiiee aiuradt, A roul of 18 sircrufi are cutfittod with the LFE07
cngings, but none of these are aperiring in Canada,

As with other airaaff, the ventilation and haating sysrem is
depepudont on the engines for the in-Hight cabin iz, which is
ied of froma the compresyed combustion 3ic juit price to the
combusdon chamber at Jocadon E in Fignre 1, Ar this polne
the remperature of the air is in exce of S00%C 308 womully
conmigs minor coataminans fom die upszeam cogine lubs-
catioa system, For this reason the BAe-146 sircera& alw smkes
e of camlytic cotveren, siuamd on the caglnes, which are

le far converting aty oil conuminent i G aic
desined for the cabin o mxten dioxide, water, and nicogen.
The 2ir ches pames dirough 3 hesr exchanges, located In che
trgine pylons. which cools the air m arund 200°C before it
is docted chrough the spine of the aircrfi to the s ioro aa
airpack unit. These ae separate sispack units foe the ripht and
1eft sides of the airaft, The airpack vnis copdition the i
before it is ducted inta the cobin ar temparsames berween 50°
ad 60°C, depending on requiremens. Pngine gir is also used
to coapol the presnee within the sireraf. ,

In adalieion, twre & an awsiliary power uniz (AFU; Alisd
Signel 36-100 o 36=150) siruserd in the tal wxpon of the
airesafi, which it alo jev powered and provides alectnci)
powa? to the sremft when opemating on the grouad, On the
ground and dutlog ckeof, whea combution aie eanner he
spared from the eugings, the APU i alio reporuible for the
cabis air. Under these conditions cibin air e become con-
taninarcd Ao cxeraal seurees cuch At engine ewhanse when
the APU & operatng when axding av the airport or while
waiting in line fir ikeal brhind other airepf,

Linder memmat conditions, when the ventiladen system is
switched on, there usually i 3 momentay somel that disappesss
within secomds and which Is consistents with the opeztion of
moes air venrlaton systems. The Qight deck has contmol pvee
the ealen it and can choase which sitpack t nse and whethee
to we 100 peeeant frmb air ar recivculated aiv, The e is
genally 2 mix of 40 pereeny reciroulated and 60 peresat fash
air,

In the past chere have b sporadic comphine from Sight
erews of some BAer146 aireraft aperaring in Canards reganting
poor dir quality, Although 2 nonmmoking policy has been in
place for several yeurs, the aumber of complainn by increased
dramatically since Jammary 1996 snd appeass ts be anineident
with the circeaff company switching the eircaf jes eagioe oil

AFFLOCCUR, ENVIRONHYG, 13(1t) - OCTORER 1908 + 1067-022%/00/1310:738810.00/7 © 19 Al - BISI047-12oXanse 738
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FRGURE 1, Simplificd diagram of tho futbo ALF 50285 thnfes enpieshowing the gemcve locaion of bearings 1 40 9 and th soutee of cabin
aiz contarmination due to Jeaking ofl seals. (Adapted from Teamon Lycoming, ALF 502, Srudont Wockbaok, gp. 1-8, Engine Baaring Toagons)
Alr ensers (e enging ot Incition & and s cormpresed by di furbolin (8), allowing wost of the sit 1o bypus the rear saction of the engiae az
€. Some air is fimmoled ise the engine and i1 farthes the eyrpresos blade xr D. o aivi dlvandu_:u'od!gam!ygc canvenor
()} befixe it 3 dirostad toward dae cabln, Highty compreuce six it farced imo the combustion chamber (F), where it s mixed with fadd from

che frel cuppdy (G) and & combavesd, High
for the cabin.

SRR gases exit the sgine. fouring the turbine blsdes 4t H, deivisg the engine, Impmper

uaumamdbuﬂammsml o) contitmms o ez the combustion air at § snd |, seypectively, contaminiring the alr devined

froma Exsean 2384 vo Caserol S000. Since then, the sit quality
comnplsine have been traend w leaky ail seals agociated with
bearings 1 and 9 of the jet enpiney (Figare 1), Onee the source
of sit contuminang wxs known, a rigopous daily inspection
regime way initared, (ollewed by smmediacs ceplacement of
&ﬂﬂfﬁwh&ihﬁ.ﬁhmﬁmmwd

, bot not all, » Akhoogh thert were hoalth
cceaplaing prioc to the ail switching, the comphints appemred
o be more nusmezous sfer this had mken place, 208 3 varicly
of symprons have betn reporred singing from frchy, tad eyes
to flight attendanys roquizing oxyg=n during flight followed by
udsmision 10 the local emetgency depatmane ot the port of
soiival. The complaints appaared t be more frequene amoog
flight atendants the among; pilos.

This aricle mpozts ont the bealth corplaine by the fight
crowa ax well v the Sindings reganding sir quality measurements
wken during fighs aod et conditions of two of the zirca
v had expericnced ofl scal Gilure, Fx ala remrs an the
problems encountoared when thase crpouses seowr in fight,
the warning sysem prevent, aud the spproach tken by medici
pensonnel when thase Hipht crwws reported t the emerprney
depersment of 3 local hospital. To chow that BAv-146 sinmt
with propetly fimnetioping eil seals have sit goality comparable
o enher sinmaft, in-Aight compatisnm of the air guality of ooe
BAe-146) snother BAe-146 outfieed with :m expeximental
activared charceal aic Sleer, and a Dash-8 siretal thae bud never
been zrociated witk 3oy complaan wers alio made,

FJovd 5182ALZ509:Q1

Mothoek
Expowre deycription and health complijats were cken fom
the accidene sepora flled out by the individuak involved, a5
wel 2 from clindeal assepements. Airerzft 1, of the BAR 146«
200 feee, had come in i the previsss night with cowphints
fiom the flight cew reganding air thar made them il, The
airerafc had been operading an Castral 5000. That eventog the
ail was remaved aod replaced with Frevan 2380. The next day
this piveraft Wi teveed duzing fighe for sir conaminane sodh as
volatle crganic comp (VOC:) and higher moleeulys
weight ails, VOCs wexe messured 1iing setivated eharesa]
ardsozhens tabes and pormble sampling pumps tunning o <l
ibrated air Gews of 0.1 L/min, acconding w0 the Woskee's
Compenmtion Board of Beitsh Celumbia methed 23035
Tha highee maleeunlar weight hydmcarsons, suck a5 potzntial
asmneolized olls, were collectsd o8 3 filter casete and amachad
s popable pumps running at calibuated air flows of 2 L/min.
Th:unw;ugmmmmwim“mhiuﬂeadm
on. 3 high presure liguid chromamgrph (HPLC), The
mcwmmwmmmmm
disulfide and analysed an 2 GC-wax specnmeter with des
tection Jimie for VOCs 3o 2ir tanging fem 1 m 18 ng/m?,
Two mos of aic samples 2 both amiyse were taken ducing
fiight, sec set behind the conilot’s amt sad the aher st s the
rear of the mabin a2 head heighr. Bulk snd head sgmee ampls
mm oils 22 oo teotpemnTe Were analyred with

5762042089
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i:.w fight crew of alreaft 2 (BAe~146) hud exparienced xir
ty problems on 2 Zehour flight, requizing the pilets to
main 3t e deginasion of thae fighs for 24 houns~This
[t was hroughe buck t6 its pore of arigin and cested o the
smac the fllowing dyy for cidmn mosoxd: and cathag
e, Both gise were meanused using di ing in~
in e glley, sinuerd behing the cockpity as well as
rac of the cabin, The APU and each of the enginex were
separarely nnder a oumber of conditions, icduding
rewnmization, as high at 2 0.2 am (3 psi) pressore diferendal,
B derxeomutization, . . ]
A BAc-146 (aircraft 3) cquipped with 3 wandard git hundling
= was monioxed for the durtion of 2 3-hoar, ons-stop
sund tip with 28 and 35 individuals on board, respectively,
acomd BAs-145 (4 4) ovtfivees] with an expesimental
Wivared charcoal air Hlter was menitared ofi 3 4-howr, ones
round tip, Thix Highe had RO and 35 individials on hoard,
v, The tefatence gitemft was 3 de Haviland' Dah
~I{ . .l 5) Thisaireafi wa: monitored forrhe durtion
2=y, tWo=nep fight with 23, 16, and 13 individual oa
oard. respoctively. All messuremciiy weee made in the e
Ji: suction of warh singf. ,
Carbon dicxide and eatbor xonnxids (detection limis of 5
1 ppem, waprctvely) as well as rlitive hamidity and
Yiperaure weye meminged wing & Q-Trrk indoor air guality
tnim (TS Incomponted). The insusens wis st to secord
cnvironmanmal paameirs cvery 5 minans and wat el
;rated for carbon dioxide using witropes a5 the zero po and
0 ppm carhon dioxids ealibrarion gas (Matksen), Nitropen
nides wee Menwred wsing an Odysiey 200 g, manitor
ansducer Retmreh Inej, Osygen and addisional cuboa
e contentations wete messired uring 2 TMX 410
‘:llnm {Indutrial Seientific Corporatian) with detection
its af 0] poreent and 1 ppm. respectvely. Al equipment
ﬁdatdowng' capabilities, and the information was downa
ed inta 2o IBM 486 computex,

- wing: tharp odor is cabit ssavle by tode
bev. . heavy exhause tmell, deicing smell, soapy smell, deter-
at cmell, dirty soek smell dusing tikeall, ovens cleyarr medl,
etoxide snell, 10nd noxiovs funies Alling calin an deseens,
ﬂm £illed with hesvy bine haze, and swong imoke odot,
o s :

Wiequendy cxporienced boming eyas, nasal congeion, sar
hroat, and tugling lips. Several cxperionsed disocientation,
[l unable ta conxinue with sheir dutiss, aad were admie-
itered exypen. A suntmary of the symproms sepasred duting

lh: 4emonth period is shown in Table 1.
Carbasyhemeglobin (COHRB) levele obmained 4 hour after
+ ingidents 41 four individualy were 0.7, 0.7, 1.0, and 2.0
. The Luzy individual wes 3 stooker, Most of the
w5 resalved within 24 houn postzxporure, and po
ﬂidmt:;uldt problems pelared to tieve SPosme:

pa

s tese flown Sor 1.5 homs the day aftes the flighr
the complaints. Samples for analyxis wim eken
Y, T'w minules afrer takaotan oily smell with

ixpospme descripions by fight erews over 3 4~month pesiod
.'3“ he Sjowi

LRSI PSR |

TABE 1, Sywoms Repored by Flight Crew During o d-Menth Pavicd
b Nﬂuaf

4

. E ] .
-~
W WR G~ RSO

ive erociviag 35 gkt exch. Tonsd individmals wich poptoms =
132 wal Aight crew prtovs = 200, 4

¢ distinee detargent and sone rell evertone, which changed o
a hat oil smell after 8 &w tinuees, camg fre the cabin, The
aireaft weot through a numbey vfascens wnd descents in oxder
to simules kool and Lading conditions. The veaslation sir
snaree was also checked dunng the flighs by itolating smach
enping, It was found gt 3ic from engine 4 definitaly cesolad
in 3 owoupger smell in vhe cahiny and confirmed an asdier
obeevvarion thay tesl 9 of this engine win found ta be 1esking.

. ‘The royuls from the VOC analyses of samples mken during
these conditions Indicstad the prescace of 2 number of agent
ia the saples from the cockpitand the tear of the vabin when
cumrpared with (he labeatory blank, These included alpha
anene, fopgrehain hydmearbon devlvitives such as, 3,7-di=
methyl-1,36 ocoiieoe (e B81), and  Belopropoxy-
1,1,1,7,7.7 hexameathyl-3.5 (Gt 797, a5 well ax & aumber of
siloxane derivatives including, 1,1,1,3,5,7.9.9,9,-nonameth-
yinereasiloeme (& 652), deconethyd eyl foxane (fit
§17), dodecamethyl cyclabenadloxane (fc 859), remmdecamne.
sthyl~hexzgloomne (fit 714), hexadecamethy! heprasiloaane (At
664), and hesedecamerhyl hepraslivar: (Bt 759, The reuls
frowg the cozkpit and the resr of the airpraft wer virnlly
identieal excepy for the prevante of headocamethyl heprisi-
loxane, which was found only in the war of the airoraft. The
Jevels of contaeningnts gacsrured in the rear of the airnf wers
three times higher than in the eockpit.

The resules of the anafyses for VOCs in the head space of the
bulk oil samples showed that thete was virmally no disrence
between these samples and the Rbsmeary bisak (aif) at room
temporatuee (i.e., oo velazils were prosent wider these cons
didans}, HPLC smalyves of fileer casersmt fbe potootial setos
salised ofl components in the cabin did nor indicace el

prREnce.

The relts of the bulk ofl spnples analyzed by HELC
indiggred thar che oo ok wers very xmiar, with Exxon
showing 3 nall sddigonal peale. Castvol shewed two omall
additional peaks, These peaks have ot becn identified sines
the inprmdjents of dicse oils ap¢ not revealed and are decmed

Degs T

BlgTalerngal
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FGARE 2. Grph showing the tamtens in aithon dloxidc
(0, 2w prereens oxypen during & cememenss! fight of smng 5, Al

proprictary informadon by the two companies, Standards are
therefore not abinable fox i . The two corupanies

Jacknowledge the Gt thar thee jet engine ofls do conwin
£t 3 percens o tricyesy] phestohaice, which s high presstize
lutricant, A smndad for the o,m,p bomen of this spent was
obwined, snd, vpan further apalysis, the reterdion rime of the
g‘n;nu;mcnhddedﬁth onz of the peaks preyenr in each of

oils.

Whez aireal 2 was texted on the crmac in the sbsence of
other aigeraft, nﬂ:;e wb:sn a d:hdnct oﬂlyog::n which bporae
highly promon W] tir supp| engine 2 was
inmoduced into the cbin, The obin tmpentute was Z2°C
with a duez rempeamre of 63°C. Under theve condizions it
v very nageeable that a dittinee smatificasion of the cabin air
was prosent. At the upper levels whete the air are
loaated, and eoinciding with head level of 2 naading individ-
v, the aic was quite difficult to deal with .2, bloe wanke tha
irrired the upper wspiratody @act 308 cyw), When scated,
e o The e d?::ics:lmh ol throughost
acoepuble air. u dici sanged
the texing petiod, with three individualt presere, o 5278
fen at the sauwe to 2 kigh of 900 ppe when engine 2 was texted
under full takeof power with 100 pescene fresh air with dice

48 N e apamiagg e

A99d S15ZBLZYRRIq]

w4 Doar cpen

120 180

Time (minotes)
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made in the xrar of the pasecnger o

and cabin tempemtnns of 697 and 26°C, respecdvely, andata
03 aem (3 pef) preure difirentis. Under chece conditions
cacbon monoxide resched 3 level nf 3 pym, Duging the toeting
uaﬁneth:wwbmmmh' ;wekhwaadmhemmlmdz
and ; teat up 1o 3 ppoe Wme GO MEOT
%abm&mlev&mmdanh:hmnﬂhem
compared to the back £or cither pre. Under the esr enndicans,
switshing Erom 100 perceat fresh air e the 60/40 parcent ot
recircuinted aie did aor vl in auy Sgnificans difitences,

The retlss fromm the infiight air quality comparisons
theee airemft indicated that the wir of propetly maincined
BAe-146 sirerafi was similar to the air quality ig the Dash
8100, As an example of the varicns environmenta] piramerers
that wese monitared qver the dution of wach flight, the
ramils froro dlrersft 3 e pesenred in Figute 2, The cends
shown were sigdlar for siverafs; 4 aad 5.

Trs gmoesal, it can be nowd that cahon diokide conceor~
tions, doog with wmperature 2ad relsve nidity in the
sinnf, e thagly after adiog of paneopas wd beior
rkeoff a¢wizich time these parameters decreased untll lading,
Again 3 rive in these paggetess was pated duing the intgeval
becween Janding and the unlosding aof the pavesges, Affer 2
shiort decress 10 thow patamesen, when 3l paseogers kave
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Sefk 2 dharp increale oo again be olnwrved beewees losding of
new pasmaees and keak This gencnd cyele repeated inell
The carbon diotide levels ueanued jn picenst 3 (BAe-146)

rioged from B50 to 3700 ppm, In aivaf 4 (HAe-146) tho

from 800 to 2300 ppot Similer manneny were ob-
tuiged in aircaft 5 (Duh 8-100), where carbon sdinzide levels
ruged fom 1100 to 2500 ppm, In all aircxaft no eabon
wonoxide was deteeted above the detection limit of 1 ppm
jgy twd ndepeodens sewxing syweax,
Mgﬁmmnmmﬁnm:ppwmchmgenmamwy.
with a dserease afisr aksof sud an incresse prine to anding, In
aireafs 3 ogygea levels moped fam 19,6 w0 248 pereest. In
arenafs 4 these angsd from 19,6 to 21.2 percant, Bath sirera
mainelned a relatively shle 21,7 pracent axygen level duxing
flighs. Aireraft 3 oudnnined 2 moge steady oxygm level coma
@ with airexait 4, Aireraft 3 geacrally maintiined an 0%y~
5t level of 208 percane, which ranged dusing akeof and
Lindmg Gom 19.71 1o 219 percent.

Discuasion .
When confronted With complaint of a “bad smell” in an aie
quality situation such a8 this, it i§ vexy difieuit o zeo in o a
paricular agens and monior iv. This was faher apmavaced,
sfter thr, ol seals were identified 35 the by the fact
thae the manubBctures af tha je engine eal do ot disclose the
comymxtition and ingredionts of their prendiet in the required
miatetial safery data sherts, claiming thar chis is proprictory
informaricn. In sesdons lke this, ane b to rely on te
symptoens of the individuals involved ind sheek for clases of
agents thae are most lkely to be praent and which could be
ﬂucaue&f'ﬁmwmpm wids

Some reporrad symptome appeared comistent
thase axspciatcd wish low Jevel cachon menmesdde exposrs,
inthyding headarhs:, nansed, light-hesdmines, uxl divorictar
ton.® Some of the otker symptams, ineluding buming eys,
buthing thpodt, Watzry eyes, and s congenios,®) sppmred

)é:ommmdaapm o an &yikne such a smoke or

The tiugling smd numbnes experienced by some in-
dividuals appest to indicats soms enralogical invelveraent,
indlcating poible exprrurs © valstile neutacosie bydroca-
bops such =t hease and ocone,® 2 well i micresy] phise
phatet (TCP5),? known ingrediests in jer engine oils,

As the Booe of the tase Bight of airmaft 1, it wai lsmed o
the Britith aircraft manufaemeer sepreseasadve, it the air
destined for the cabin is paned through 3 catalyzis conventerin
wnder o axiddize any of contamsnants to cxtben dioxide amd
warer, Catabyric canvertess operate at wiadmom cficiency
mder highly specific canditions of terprrature and contame
Tane o air mtio. As an sxample, the Engeluard TWX catalyrie
comveriex™ wsend for antomobiles operztes best at 7 conti-
rany (o gir o of 3/14.7. Under these cnndx}!com ir iy 95
perzent in changing crboo memoexide 1 carbon
diccide, hydrocirbons ro water And cacben dioxide, and ui-
mogen cxides to pitrogen and cuthon dioxide. For this ceasen
3 exypen semae is viien praent in the exhour e to
provide feedback to the carbyreror (o keey chis oo as idesl
passible. The caulytic eonvertes in the aRenft ae projably
subjert to similar principle for eficient operstion, When ths
contaninant vo i o & druvically atoersd, o in a8 wircrg:
with leaky oil seals, ane can expect 2 number of mntamingngs

IOYS GieZpLerRg 1Al
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o pans through the converter is an origing) or temialered
saee. This gnakes it even moec dificult to 3070 §n ox 2 partice
ular agent foe texring, For thiis reason it was dacided ta nionitar
for the most acare toxic agent that cotld porentially be gen-
erated) if the caralyric copvestar was not operating eifisiently
(3.6, carhan monaxsde, sincs it lacks an adar which could ax
35 an early warning fysiem.

tpder the wt conditions of aitendt 2, e higheat leved
chéained way 3 ppm, which is well below che 25 ppom Jovel
whish is the expastirs limit set by the Amarian Conference of
Goveramental Industrial Hygieni (ACGIN) far aa occupn-
toaal sering® Althongh both sirciaft had 2 “dead stop”
citbon wonaxide detscror (Fousen Adas, an Eovire Tech
Company, Kingswood, Texcat) suck w the galley wall, thes
did ot appear to be efisetive. Sttement on the indicatot wuch
3 “CO preens when spot urns dark,” withoue provision of s
cler xeference. eolor, v not helpfill, Simslagly, the dircetions
for vse wete printed et the baek of the soer, whick wa
glutd wo the wall af the galley In additiom, no infematon wa
svailahie to the pemonoel presene whether these sodicaton
wnre reventible or not The indicators in both aircrafi had
tamed disk 3¢ some Sme in the past, hid not been censwed,
and had been seracehed by Srusteed individuals  sez what
the etiginal colorh:dAl;cen d;x':gt an m: could be made
segarding exposure. An ideade] or similer device was present
in ap airepsfe tant recently exashed when it ran out of Ryel over
New Manshire after #ts pilots had alivady expired from earbem
moneside R

Daring the restipg of sircralt 2 on the tarmac, no difference
wat obaerved in air quality when the air source was switchod
fiom 100 percent fresh 3ic t & 60/40 percenr mix of feh
recirenlated air (i.e., in this aireesfs Hecreasing the seraree ofthe
condarminanes to 6036, while 3¢ the same simts recireunlacing 40%
of this eoptaminated oit), A diferetice wenld probahly have
been ehoerved if the 100 percent fiwah air had beea cleag and
tha part for the 60740 pereent mix had been long soough
for pollumnt 1w build up,

To “remove excess oil and odar that, wader cerdtin Gllure
conubitiam, may ein within e air conditioning system” (e,
the sirpack unmite.t" o pew experimentl eetivared stmeeog
fltration systam way inyeled an sireraf 4. Activated churcm)
Sltars axe capable of deaning the sir from a luge variety of
apens, buc are ot kmown to be efieative $or catbon monexids
and oy dicadds %9 Unlew dhexs ane ather undistiogd
fompancats in the new flgadion watem capable of scrabbing
out catban mencidide, these Bew air Sleer i conld porenn
dially be quite dangerous in the dbsmce of 2 carhon msnaxids
warning system (2., they Yemave the exely warting signalt for
potsnsial monoxide pressmee, such 25 the smel] of
smalee, [saving an odotless, mxie gas in the an).

None of the fight measurements in airmit 3, 4, aod 5
indicated the prescace of carbon maneodde. It was thessfore
cancludeA it under nontml cperating ecmdidons the bleed
sir from the engine in the 146 aivenf did net conttin, o the
a2tion of the, qralyric cogverter did not result in, any measge
ahle carbon monaxide sbove the wingmum detecdon lovels
inide the wlnn,

Anempis to obttin direet evidence of cibon moaode
expasure by measuting COHB kvel in the Bood in exposed
indiwidnals who had to be taken o the emergensy depactment
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failed for a number of seasons Altheugh the flight erews bud
a eapy of 2 “M’hﬂdmgmﬁ?m
occutted. 25 ngges € oceupads 3k
ﬂﬁwmzﬁﬂwﬂbym:o&':hcmnﬁnsph&dmin
the cragency departnenrs. Whes COHB lavels were mess
sured i four individuals, relatively low lovels (0.7 w 2.0%)
were chiained, This conld be due to the adminkimdon of pure
oxygen in the sicemf a3 well as the time delsy (4 heon)
between caposure and meaurement. Baszd on the 4-hour
halislife of COMB in the blood under sonmal breathing con
difom,® thee value could have been 14, 1.4, 2.0, and 4
peteent imrnediorely after sxpanure. These valus conld doubis
once sgaia when ons rakes in conrideration that puee axygen
wre adminiscered duting exposuve, which sedtuces the hali-life
to 60 to 90 minntws.W These mlcnlations are baed on dmple
moddls and sccumte prediction of COHB #t the time of
wxposure can be difienlt becuwe of Ukely elevind carbon
diceqde levels and the administration of axygen, (9

" It has been shown that sedenazy hrenthing of 3 nonstanker
cxposed w 3§ ppon of catron monoxida in the air (the Eavi~
ronmennl Prateetion Agency santard) for 2 hours will result
in & 25 percent COHE level m the bload %9 Bued on the
above information. the possibility of levated CONB levals in
the flight crews at the time of amrival of some of these Hights
cannot be ruled out, The bislegical expomure indices fom the
ACGTH™ recommend thar COHB levels owserared af the tnd
af 2 shift should net sxceed 3,5 porcent,

As & is viraally imposible for 4 techpichm o be piesene
with maniceeing equipment when thess incidants oeeu, irwas
recommended that 3 daralngping tatbon monaxids monjtes be
proven: on the ajrcralt, esdy ta be activated by the fight aresw
when tequired to either cloady identify or climinaee cathon
monoxide 25 2 cantainant.

The VOCs and lang-chain hydrocnbons that were snes-
suted duting the vec Sighe of airerafe 1 were prsent i swall
qruantites and can be clandficd a methylaped silozsne derive-
tives s wall as methylared propane and tntane derivatives. The
idemificatiom of these compaunds has to be dons with cution
o the mass spentrs of these compounds are nop il zod cowld

wiher compotnds with similae moleculr strucre,
Skaee sireraft 1 had recendy bron roficbished with new car-
pots. it shanld he noted thae siloxane deeivatives are sometimes
released from new copets (personal observation), They ate alw
wivd In extremne seapenatre lobricting ofl forlations and
comequently conld be = reflection of lubricning ol compo-
nénts contaminating the sircraft sie. The methylsted propane
and buwne sster dndvatives ase also probebly the acual or the
themnal byesskdawn product of the ingrediens of the ol
formaulatons,

HPLC amalysss for potentis) asrorolized oils indicated that
major il componman could noe be absseved in the cabin air,
{¢ would apprar, when oil lzkage occis, thae these probably
fave been flteved out in the APU or condensed out some-
wiere in vhe ventlation systees, which ha 4 decregsing tem-
perenue differentisl fom sbove S00° w 50°C.

Carbon dindide gas is ako mroduced by the cacdytic cone
veree s well 3 by each individual in the ateemaft, The lovels
measured on the ground in aversfi 2, with ogly M individ-
wals preserst, ws a6 high s 900 prm. The eathan dioxds levels
mearcrd in Sighe in sach of the airera® tansd were compm-
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tahle and sanged fiom a low of BOO 1a 3 high of 2700 ppri.
Aiterafe § (Duh 8-31D0) reached s jowest reading of 1100
i, This was sherat 250 t0 300 ppm higher thun the BAc-146
aiera&, This it probably due @ & cambinstion of Bctors
including its décupancy, the timg incrval broweon loading and
Gkeoff, tha time at which the engines ane started, the dumtion
of the fight, and the size of the airaxdt, The cathon dioxide
levek weree in genenl vety compinble between the choes
Zrersfe and were well below die threshold limic wvalue dor
casbon dinxide of 5000 ppm snd the shorterm expasure limit
©£30,000 ppm. ™ It should be noted that these Jevels aso mexnt
for otcupationst sezings and o not pecevasily apply o pae-
sengen, One srudy indicatss tae pychometor and M)
pedormance i3 not impaired 3¢ carbon diowids lovels 1 high w
50,000 ppen 9 Anocher sudy Ssund chat the ability to dever
cobermt motion is impaired ax carben dicxide lovale of 25,000
prt? It wonld cherefoce be prudent oo reduce crbon
e lmwuw"m&w all three airczaft
mygen concentmations during Sight of i

ware highly comparable and ranged fremt 19.6 t021.9 parecne.
Is should be spprecisted that when it is emred that the sirple
is presmsrized, it seally peans chat upos takeof Som e lovel
the planc is acrually depresurized to 3 dir presnre equivalent
tn 2133 m (7000 €) in the BAe-145 qisvraf, and comecquently
2 deeregst in axygen content & otrerced. Upon landing at an
airport sinzated at sea lavel, thie roverse & ohscrved and the
aineraft &1 reprosurived. The seady oxygen comcentradon in
the Dxh 8100 was dightly lower than the 1468 1z 20.8
petcent md reached o bigh of 21.9 peyeent. This sircuft was
probably presucized to 1 slightly higher alticede than the
BA2-146 sinnft.
* Nigmgen dioxides level within the airaaft were geaenlly
nat detectable £ moee of the time duting ach Bighr, Some
roiauscnle eransiexts i the paty por hillion mpge cogld be
obeetved during takaoff and Landing in =l girenatt

The tosz impottine potential chitomic effeety that one should
br sware ofure dur to skpoaire to one of the jet oil ingredients
that borh £ompanies atmined o be constituena in cheir oil,
TR, TCP i used {2 unmier of cammerchl applicstions
including the mmaowictare of plastes, a5 2 Same retardant, asa
load ccqvenger in gaoling, snd a5 2 high pressure lubicann 0%
TCE is & wmbeyier of theee iromer, called ortho, Gty snd pan
cersyh phegphiace, OF diese, the ortho issmer b the oo taxie
and it ofien reioved as myuch ae poxsible Gom the rmxoure. 1o
4959 a maw poisaging oscurred im Motocco when 10,000
individaals fell i ofer conswening conking oil that had been
aduberaeed with twrbgjet engine ol In penenal, ortho.
ceexyl-phosphats it 2 nrgrotoxin and cmes prriphem! geo-
zopathizst It has gl heen soncinded, bused an hevs v
menn using lubeicatiog oils conmining up o 3 pecegr TCP,
that thess: Jubricating ails had low newrotoxic patenizl uadse
nonul condifions of exprure. 8% Rars caxposed o 3 daily oral

dowe of TCP indicace that this compound alio has efomon the -

wirenal glands, ovaries, snd ceminiferous mbulen &

There i3 0o informatian availahle regarding inhalakon ox-
porue of this agenat. The tushojet oils ued on the BAre148
aireraft were sslysed and finmd ro conmin 28 percent oyl
phosphates, The ai} manufdcawers claim tiot Jets than 1 per-
cenr of chis is the arho isomer. In-flight measqrements in 3
eoemphin: aircruf® rould pot detaonseate the presence of this
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agent in the air above the demetion Eemie of BO ug/m® of ate.
A grexnt, article mdieaes ot trbgjes ofls aan abo cognin 8
nuber af ather agenrs such = the cimsthylalptepane estes

) of caboxylic 3cidn®® At teoapemnures betwwen

(TMPEs)
. 350° and 700°C, TMPE aad TCP ean reacr togedher r farm

m:hylnlpmpucphaphmm\u’l’) As TMFP & 2 poenr
ncurotoxin, it was suggested that “exreme cavtion sbould be
exersised in applicadons of these lubricants whese thee are
thermally degraded."®2 1t would appear that the carrent site
uation. where turbajet 6ik sre being thermally degruded in 2
aalyic comcmthnumncmbcmbﬁd.couldbcm:
of these gpplications and mquires Srthey inveskigasion.

The aiy quality of BAa~346 siyraft sppeans to bave been g
lonp-sunding problent, a5 is spparcnt from the mey modifi-
cagons, additions, and mth:u-cmdmmng
recommended by Britich Acrospece ovet the yéin, (d If

wots theﬂixbtum!ahawwuﬁdcﬂcemthedemm-
wasking and oprrate thase aireraft, the bext arument
that cany ggwﬂumh:ﬂwﬁ;ﬁcmmmpmﬂm&
with cuoning it campashble o that in
omﬁm that have never been anociated with complaint
and have always hren quite nccepuble. If the air quality i ase
comparable, thea the diferences shauld be identified and eval-
uatod, and, if deemed nercwvey, sppropriate thanges should be
m For thit resson, in-fijghe comparivons were made af

Whin one compares the two BAs-146 airenaft with prop-
atly fanctioning &l wals. no diginet difezences in e air
quakity psmmetas messured ean he paredl A fint hydmcar-
bon combumiom smell was noted in airevaft 3 (BAe-145, ae
chareos] filter) ot the tmes of kool A ximilay spiell was nated
in alrerafe 5 (Dash 8-100) 3t the dme when the sopine were
wared, Thit was ot noseed in aircaft 4 (BAo-146 with
sctivated chatocal filtes),

Ie appcm thmz‘om. i the acrivaind carbon Alor dooy
% wality during normal operating conditions,

munuyaplcofpcﬁmh;nndcradnnmmlmd
sh 2t Gilure conditions zemaind ©0 he seen.

Conclysiant
Ineflight oif wal Allure in mrbojet engines of BAe-146 i
wm:edzslhwmdm&xmducxbmmdwuud
engine combustion air pames through canlytie convertes,
wh!ch tzd w hecome ovetdmader, reolting in the potential
produceon of cachan mozexide, Although the reporeed symps
tams sppesred consistent with cabon monoxids exposure,
only slight elevarinn in COHB Jevels weye sueanured in dighe
atwndanty, which was probably the remilt of the time delyy
since expoture. Oxygeo adminismaton and cathon dioxdde
Jovels are kmoom m shorten the half-Yife of COFIB, To idenridy
or clintigare carbon sonoxide a3 a proklem, the use of dam-
logging instrusenis for catban monoxide was toecammended,
to be scxivated when accideanal exposares oeeur Aldwugh
cresyl phovphates am prooat i cugioe wili, thess were pox
found in the cabin siv of problem giresa®t, The 3¢ quatity of
nummal BAc=146 il compared Gvonbly withvhatof 3
Dash-8 nok associated with probiems,
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'SCOFE

 Ait quality complaints have been noted on the BAe146 aircraft flect in service at Ansett
Alrlines in Australis. The root cause for these complaints has been 2 matter of speculation
« for some time. The purpose of the AlliedSignal testing at Ansett Airlines was to provide

- technical assistance in the area of air quality measurement and help identify arcas where
improvements could be made to enhance the perceived quelity of air on board the aircraft.

Tt should be noted that current safety standards differ from air quality levels that will

_ provide & perceived acceptable level of customer and crew satisfisction. Contaminant levels

« may be well below recommended levels in currently accepted safety standards, yet

. generate complaints because they can act in synergy with other contaminants or because
some standards may be outdated and not have incorporated more recent acientific and
medical evidence , In addition, extenuating circumstances on board airetafl ( including
humidity and cgbin pressure) have not been studied to the extent that a new standard can
be proposed which incorporates these factors or identifies interactions between factors,

This report presents the findings from air quality measurements taken on the ground and in
flight, contaminant identification from the air filters used to clean the cabin supply air, and
findings from measurements taken during pack burnouts.

- SUMMARY

~ *Testing indicates that on a gystem with properly installed and serviced air filters that air

* quality is acceptable throughout the aircraft during revenue flights, with the exception of
the aft galley when dry ice is present. In non revenue flights, with no dry ice present in

* the aft galley, carbon dioxide levels were acceptable throughout all areas of the aircragt.

- The aft galley is & confined space and changes should be implemented to provide carbon

- dioxide removal or ventilation for this area,

* *Contaminant levels in supply air to the cabin approach current sefety standards during

~ pack burnouts, Irritating and carcinogenic compounds present include formaldehyde,
tetrahydrofuran, and cumene. These compounds cause skin, respiratory system, and eye
irritation as well as nausea and narcosis if present in excessive levels. These compounds
are concentrated on the filters and are released when breakthrough cceurs during use.

*Test results indicate that heating up the packs do not fully remove the buildup of

hydrocarbon contaminants. Physical observation of the filters indicated that filter

tempesatures reach s level high enough to melt the thermoset glue adhering the filter
+ pleats to the support screen of the cabin filter. (see photo at front of appendix)

*A contaminant breakthrough test for air filters needs to be developed and implemented.
Current method of measuring delta P across filter checks for particulate contatnination and
gives no indication as to actual efficiency of filter for hydracarbon contaminant removal.
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* Pack burnouts may cause premature fhilure of charcosl impregnated filters by heating

" up contaminants only enough to cause them to migrate further into the filter media,

blocking filter surface ares that might otherwise be available for hydrocarbon adsarption,
They may in fact create an clevation of hydracarbon offgasing for 8 time during the first
flight after performing this cleaning procedure. Test results indicated that performance of
high time filter was similar to & new filter for hydrocarbon removal,

*Providing 40% recirculated cabin air would provide an increased love! of humidity in the
cabin and reduce discomfort from watering eyes and dry nasal tissue, In conjunction with
the use of properly serviced air filtration, a clean more comfortable cabin atmosphere
would be provided. .

* Perception of temperature gradients was not supported by temperature and relative
humidity measurements. Air flow is minimal in the center of the cabin and can generate
these perceptions. Improving sirflow to the center of the cabin is recommended to reduce
stagnation and the sccompanying perception of poor air quality and hot apots.

* During normal flights, with filters having over 1000 hours of service as well as with new
filters, levels of contaminanta in the air provided to the cabin and cockpit were found to be
30 % to 40 % of currently accepted safety standards (NIOSH). During all revenue
segments, contaminant levels were 100% to 130 % of accepted safety standards. No
evidence was found from either the cabin sir quality measurements or filter analyses to
support & former claim that tricresylphosphate isomers are present in the air, Other
phosphate isomers were detected, however,

Schedule of testing: '
Friday 812297 oo VR-JIY freighter
Pack burns only APU #/n unavailable

Saturday 8/23/97 s/o VE-EWI passenger

This aircraft was chosen for testing because it had the worst record for odor in the cabin at
the time,

Pack burns and air quality sampling in cabin during pack bum
APU Model # GTCP 36-150M

APU MFG, part no, 3800216-2 s/nP162AUC  Ansett #/n 026
Engine Model #'s ALFS02RS (141100)

Engines/n‘s LHI Mfr # LF05154 Aunsett #/n 014
LHO Mf. # LFOS691A Ansett s/n 066
RHI Mit, # LF0S852A Anseit s/n 082
RHO Mfr, # LFOS816A Angett s/n 08}

Sunday/Monday  8/24/97& 8/25/97 s/n VH-EWI  passenger
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One 2 hour Non raverue flight in the A M, with old filter having service lie of over 1000
hours. Cabin fusll fresh air, was selected for entire flight. 7 persons were on board for test.
Also 2 90 minute legs of revenue flight on Sunday PM. and 2 120 minute legs on
" Mondsy AM. After changing out air filters and installing new, cabin full fresh sir was
selected for outbound legs and 40% recirculated air was selected for return legs, Flights

were near 100% passeager loading.

Monday 82597  un VW-EWS pussenger, APU model 36-150M, sin P304
~ Pack Bum only .

. PROCEDURE

DA variety of analytical methods were used to evaluate aircraft air quatity. These are briefly
- described along with the target of the analysis,
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= 1. Bleed air contamination monitor:
] | Thw device converts organic material such as ﬁuel, oil, or gxqulic ﬂuigls to carbon
I dioxide and measurs the increase compared with carbon dioxide levels in the engine or
n ' APUinlet air. This instrument was used in this application to look at pack bumnouts and
" evaluate their effectiveness using the standard Ansett operating procedure as the test
| sequence.
= 2. Carbon Diaxide Analyzer: On line monitoring of carbon dioxide levels in the mpply
u - air to the cockpit, cabin, and ‘within the aft galley adjacent to the flight attendant seat at
' approximately head height.
n
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" 3. Carbon monoxide, Oxygen, and methane andlyzer: Ou line monitoring of analyzer
- levels of contaminants in the supply air to the cockpit, cabin, and within the cabin (aft
galley). '

. 4, Temperature / Relative Humidity: Measurements of tempetature and relative

' humidity were obtained to determine potential causes for reports of stuffiness and
temperature gradients in the aircraft cabin, Human comfort perception requires that

" temperature and humidity fall within a certain range to satisfy the 80th percentile of the
population.

The following analyses were performed by Performance Analytical Leboratories in Canoga
Park California. A list of the states that they have been certified in is in the appendix.

5. DNPH Cartridges for EPA TO-11 analyses of Aldehydes and Ketones: sampling
media for aldchydes and ketones in the supply air and aft galley. A minimum of 20 liters



of air is deawn through the cartridge at a calibrated flow rate not to exceed two liters per
minyte,

Aldehydes and ketones have previously been shown to be ¢ potential cause of complaints

- dealing with burning, watering eyes. It should be noted that burning, watering eyes can

also be caused by low humidity.

6. Summa caniater analyses: Summa canisters are evacuated, precleaned, polished and
conditioned, stainless steel cylinders used to trap air samples for later analyzis, Ssmples

. may be collected by either a “grab” type method whereby the valve on the cylinder is
- opened and & sample immediately captured, or by a time weighted method using &

calibrated mass flow controller, In this testing application, mass flaw controllers were
vsed to collect samples over the flight test intervals of 30, 60, 90, and 120 mimites.

A variety of tests were performed on the summa samples,

A. EPA method 25C: This method is used to quantify levels of carbon dioxide, carbon
monoxide, methane, and total nonmethane hydrocarbons by gas chromatogrephy. Tt
provided & cross check for the on board analyzers ag well as a way to obtain a relative
total hydrocarbon measurement in flight.

: B, EPA analysis for ozone precursors: This method is used to quantify levels of target

compounds which are usually fuel combustion products. It provides a more specific target
ligt than other methods.

. C. EPA method TO-14 plus 15 tentatively identified compounds: This test method

specifically looks for 43 compounds on the EPA target list using Gas Chromatography/
Mass Spectroscopy, In addition, the 15 compounds of highest concentration not
previously analyzed in the target list are tentatively identified.

- This method provides an intensive look into the remaining air constituents that have not

been analyzed by other methods, Often, there will be fragments of other compounds that
have been thermally decomposed, These compounds will not have any safety standards
derived for them, but can help identify the source of contamination based on the type and
size of the frapments detected,

7. EPA TO-13 Analyses: This method identifies compounds which are usnally too heavy
to be captured by summa canisters, typically known as semivolatile compounds, Some of

~ these compounds generate foul odors. A large volure of air is required to obtain low

detection limits, This makes testing for these contaminants duting revenue flight tests
impractical. As an option, the filters were removed from the ECS system and the captured
contaminants identified. This provides a very large sample volume, with the filters having



" over 1000 hours of service, but makes it impossible to quantify mass per unit of air

volume.

" This method is used to identify the ortho, meta, and para isomers of tricresylphosphate

(TCP). This compound is too large to be detected by the gas analysis techniques used for
summa canisters, Fout TCP isomers were evaluated during the analysis process.

Tt was determined during test planning that the only accurate way to assess the presence of
triorthocresyl phosphate would be to analyze a portion of the filter elements from the
aircraft. The filter elements would capture any semivolatile material in the air supply
before it reached the main cabin and therefore any in-cabin measurements of semivolatile
material would most likely detect contaminants from non-supply air sources, i.e.

- passengers and baggage brought on board, etc.
' TEST OUTLINE:

Bleed air contamination monitoring was conducted an 3 separate aircraft during pack
burnouts. The goal was to assess the effectiveness of the pack burnouts by comparing the
hydrocarbon leve] of air entering the APU with the air being supplied by the packs to the

- cockpit and cabin,

This equipment was set up for ground use at the hangar, Sample lines were run to the
APU inlet and 8 cabin supply air grill. Throughout the test, 8 variety of selections were
chosen from the control panel. These included single and dual pack operation, and
temperatures ranging from 0 to 70 degrees C. Some of this selection was involuntary, as
packs at times tripped off dus to fault controls of the ECS system. During the testing of
the aircraft used for the flight testing, samples were collected with no filters install as well

_aswith high time air filters.

Air quality samples were also collected from the aircraft used for flight testing to
determine operator’ exposure levels when inside an aircraft performing pack burnouts,

A non-revenue flight was scheduled to provide a time when comprehensive testing of
temperature and airflow could be conducted without any impact on passenger comfort
during a revenue flight. The non-revenue flight provided an opportunity to capture Summa
Canister samples during separate phases of flight. This could not be done on revenue
flights due to potential passenger curiosity and operational inconvenience during canister
changes, The flight also provided a comparison of contaminant levels aboard an empty
aircraft to compare with levels aboard an aircraft with 100% loading. Comprehensive air
flow, temperature, and humidity measurements were collected by Ansett Alrlines and
AI(R) personnel during the time interval that the gaseous sir quality measurements were
obtained. In addition, Ansett Airlines personnel ignited & smoke candle in the forward
cabin to observe air flow patterns in the cabin,

! Operator refers to the Engineer or Technical crew carrying out the pack bum proczdurs,
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The BCS was run in full fresk mode during the entire non revenue flight.

. Testing was also conducted on four revenue flight segments. These segments were 90 to

120 minutes in length. Passenger loading was near or at 100% during all segments, The
two outbound segments were tested with full fresh air supplied to the cabin. The two
return segments were tested with 2 40 % cabin recirculation rate.

Testing with this aircraft loading allowed an accurate assessment to be made regarding the
impact of recirculating cabin air on total air quality.

. RESULTS:

* 1. Cabin and Cockpit air filtration test results:

Findings from the bleed air contamination monitor indicate that full hydrocarbon clean out
of the ECS systems on the three aircraft never occurred, The test period for these aircraft
was at least 1/2 hour for each aircraft. A typical pack burnout will only heat the duct for s
period of five minutes. On the aircraf used for the revenue flight testing, the filters were
removed and the tests repeated. No improvement was seen on the analyser over sir
quality with filters in place. Hydrocarbons from synthetic oil do not begin to oxidize and
decompose until they reach approximately 200 degrees C. The pack temperature of 70
degrees C may begin the cleanout procedure but will always leave a residue of high
molecular weight hydrocarbons behind. Analysis of the filters indicated a significant
amount of high molecular weight residues which could not be identifed.

The high time filters allowed odors to pass through them on takeoff during the non-
revenue flight. These odors were not detected with new cockpit and cabin filters installed
on subsequent takeoffs the same day or the next, Neither set of filters was effective at
removing the ethanol that was present from alcohol consumption on board the sircraft,

A table is included in the appendix indicating that activated charcoal has selective
adsorption capabilities. The filters on board this aircraft operate on a similar pricniple, but
may have slightly different adsotption characteristics, Formaldehyde has a potentially low
adsorptivity, Ethanol should have a high adsorptivity. Neither contaminant appeared to
be reduced to eny great extent when operating in a 40% recirculation mode. Total volatile
organic compounds as measured using EPA TO-14 in all legs of revenue flight were at or
below 3000 ug/ cubic meter, even when taking passenger generated contamination, This
l‘c;wée(l i ghere Molhave indicates that complaints may begin to occur due to high levels of
23,

2 ;dtn!havc. 1. “Valatile Organic Compounds, Indoor Air Quality and Health” Indoor 4ir. 1991a. 4:357-
376.

* Holcomb, L., Pedelly, J. Volatile Organic Compounds; Repaited Concentrations and Criteria for Health
and Comfort. Invironment Professional, 2:9,ppl-14,Sept, 1996,



Generally, levels of VOC's in the air supplied to the cabin are very low when compurg.d
with other aircraft in uge. Contamination eriginating in the aircraft air supply system is
typical with that seen in girframes of other manufacturing origin,

2. Flight Teat :

Airflow: Airflow measurements in the cabin indicated that outlet flows were highest at the
forward 3 rows of the cabin, { 1.3 m/s) . On average, outlet flow was 0.7 m/s. through the
remainder of the cabin, with flows of approximately 0.4 m/s being recorded in rows 9&10,
12, and 15. Flows in the aisle were taken at head lieight of scated passengers. These flow
rates were much lower, being generally well below 0.1 m/s. A smoke candle that was
ignited at the front of the cabin indicated that the flow pattern was from the front to the
rear of the aircraft. The rate of travel of the smoke was roughly estimated at less than one
meter per minute.

'Tcmperamr:: Temperature in the cabin appsared to be very stable throughout the flights.
No isolated pockets of hot air were noticed. Stability appeared to be independent of

passenger loading.

Relative humidity: The relative humidity of the air in the cabin dropped to nearly zero on
the non revenue flight with no passenger load when the aireraft was operated in full fresh
mode. With a passenger load, the relative humidity reached lows of 1 to 3 % . When
operated in a 40% recirculation mode. The achievable bumidity levels were on the order
of 91to 13 %, See date and charts in appendix for more detailed test data.

Carboa Dioxide;
Carbon Dioxide levels were monitored by on-line measurements taken during flight from
cockpit supply air, cabin supply air, and air within the aft galley. During the final revenue
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- sectors, levels were also measured within the aft cabin. The levels of carbon dioxid? were
" also measured from the summa canister samples taken from the cockpit supply, cabin

supply and aft galley.

Regults of these measurements indicate that carbon dioxide levels are within acceptabie
fevels, with the exception of the aft gailey where dry ice if'pregent. When dry iceis

- present, concentrations of carbon dioxide were observed to reach unacceptable Jeveis

after takeofi®,

The summa eanister concentration of carbon dioxide agreed with the on line analyzer
findings, even though the summa samples were & time weighted average.

Carbon Monoxide:

: Carbon monoxide was not detected in flight. Samples analyzed from the summa canisters
. were in agreement with these findings.

UOxygen:

. Onxygen levels remained at 20.9 % throughout the flight. These was & slight drop in

" oxygen levels in the galley to 19.9% during takeoff for a period of approximately ons

* minute

. DINPH Aldehyde Samples:

Results from aldehyde testing indicated that Formaldehyde was around 30% of NIOSH
levels in the supply sir and aft galley during pack burnouts. In flight, levels of -

- formaldehyde were within accepted safety standards. It does not appear that new cabin air
» filters make a significant improvement over the 1000 + hour filters in reducing total levels

. of formuldehyde.

Summs canister samples:

. Levels of other contaminants measured by the summa canisters do not have as significant

an impact an the Threshold Limit Values (TLV's) as formaldehyde. Many of the

" compounds detected have not been assessed for exposute limits, They could add to

accurrences of odor or physiological complaints if present in significant quantities.

* Carbon monoxide appears to have been detected by this method, but was not detected

with the on line analyzers during fight. The method detection limit for carbon monoxide
is 1 ppm, which is very near levels which are being reported on the summa canister
samples. It is doubtful that carbon monoxide is present in any significant levels,

* Carbon dioxide levels within the aft galley were seen to excesd OSHA. and ASHRAE recommendations

" for 8 hont continuons exposurs in a warkplace environment,



EPA TO-13 anslyses of cabin and cockpit filters:

' A substantial number of contaminants were detected on the filter samples. These
.contaminants were significantly different than those reported by Asdor to myself in a
‘memo dated March 13, 1997, It appears that the general contaminant list that they used
. for their analysis was similar to the TO-11 list without analysis of tentatively identified

compounds. The AlliedSignal analysis identifies a number of odor producing compounds

"that have not bren previously reported,

- A search referenced against a calibrated standard was made for isomers of tricresy!

phosphate. None were detected in the sample.

- Clanclusionss

"L, @ack Burn outs:

Pack burnouts are reported to reduce the number of odor complaints when they are
. pesformed on a daily basis. However, test data indicate that operaiors are exposed to
levels of hydracarbons approaching the recommended allowable limits, This exposure can
. continue for some time after completion of this procedure.

Findings from the in flight test indicate that hydrocarbons are breaking through the filter,
even though a pack bumout is performed before the departure({ ethanol). Pack burn outs

- very likely accelerate the loading up of the surfaces on the filter and accelerate the process
of hydrocarbon breakthrough. Higher molecular weight molecules occupy available filter
surface ares necessary for trapping other compounds such as formaldehyde and ethanol
and prevent the filter from effectively removing odors for its calculated life expectancy.

' Physical damage was observed on the cabin filter from excessive heat melting the
thermoset adhesive holding the filter pleats to the inner screen. The thermoset adhesive
starts to soften at 85 degrees C, The filters are rated for operation at temperatures of over
100 degrees C. Tt has not yet been determined if the adhesive used on this particular set
of filters is faulty or if the bleed temperature exceeded the filter temperature limit. (See
photaograph in appendix)

Bleed air contamination monitor results indicate other areas of the system are

© contaminated. On this aircraft, all four engines and the APU have modifications installed
to prevent oil Ieakage into the bleed air. Itis not known if the ECS system and ductwork
- were cleaned since these modifications were made to the main engines and the APU.
Ansett Airlines informed me that this cleaning usually occurs during the C-Check every
couple of years,

10
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EPA ME'I'HOD TD 13 Csbin | Cockpit | TWA
% Fiter 1 Fiter {mgim3 )
GC/M3 | COMPOUND K
Rat, Time_ ur unit of fRter mass
R 41 3] 80
. 40 80 1080
526 2 Butoxyathancl 30 (M DTS
£a__: Ethyimathyl Banzene lsomar, 50 CT -
7.18 Ootame olotetrasiloxans 200 1 300 D/A
7.4 | Tel anzans [Bomel eo 80 123 ]
7.8 i Dacane - 200 500 DIA
7.89 Irimathyibanzana (somar 50 200 23
798 . Unidantified Hydsoosrbon 50 O/A __|
8.06 Umnanens 50 DJA
8.12 i Eucalyptol 100 and DIA
B4l 1-MathyE3-Fropyibentens Y
851 - Dlathyibsnzane isorer 40 DIA
[8.56_ Inidantifisd Hydroestbon _ 100 D/A
8.64 2-Mathyldacans 5O 100 DIA
8,78 3-Ms: O 40 ~— DIA
2.01 Dimethylethyl Banrena lsomay 170 DIA
8.11 Hﬂ tanolo Acid 100 _E_l&
: U 806 €00 | b
$C 100 DJA
. ntasiloxens 200 300 DI/A
10.18 1Ethyl dimatiwibanzens isormar 80 __DIA
10,25 |Unidantified Hydroosrhon a0 DIA
10.34 -undacens g0 D/A
10.44 !umdnnug-d Hydrocartion T3 DIA
10.83 Dodsasne 800 500 A/A
11.13-12. Unidentified Hydrocarhons 200 400 D/A
12,38 Avetats 1o 100 OJA
2.48 Tadasena &30 400 A
2.88 1,3, 5 Vris{1-Mathviathyl)Ranvans 80 D/A
3.41-13.81 Unidwrtifisd Hydrocsrbony 166 | 200 D/A
a.94 Tetradenans 300 400 DIA
4.78 ! Unidentified Hydrocarhon 40 70 DA
14,86 ’z;e‘ﬂig'l;1-D(mnhznhﬁtz‘&cﬁlo!wnd‘lam-1‘Mnm 40 20 DIA
116,31 Pantsdacsns 200 300 D/A
16,88 . Linidentifind Aeld 100 40 DA
16.86 Hexadacane 100 D/A
1717, Teiburd Phasphiate 200 300 2200
17.6_ Unidentified Hydroearhon 40 50 D/A
18.02 . Haptedeoans A £0 20 D/A
18.33 2,4-Diphenyl-4-Mathyi-2{Z)-Pantans 100 200 D/A
18.87 |lmgr;_>g£ Myilstate 100 200 B/A
21.49 Unidentifisd Phthalate &0 DA
22.91 otvl-4-Hydrexybanzoate 100 200 D/A
30.37 50 D/A
|31.37.37.71 2600 800 DIA
31,78, hosphute ivomers ND ND

i Cabhin Supply air quality:

The quality of the supply air for the cabin and cockpit is within safety limits. Based on the
filter analysis, there is no evidence to back claims of symptoms of triorthocresyl phosphate
exposure. The manufacturer of the oil in use on the aircraft backs this claim as evidenced
in his attached memo. Odors were detected in the zir on the fights where the filters had
hydrocarbon breakthrough. Changing the filters immediately corrected this problem.

11



Carbon dioxids levels in the main cabin were very low compared with other aircraft
| models. Based on an improvement in humidity levels and reduction in organic
! contaminants seen whils operating in a recisculation mode, it would be recommended to
' pperate the sircraft in this mode,

! Low humidity levels can cause some of the sensible heat complaints, By operstingina
i recirculation mode, the effect of sensible heat on occupants of the aircraft will be reduced
by increasing the humidity to buffer the rate of cvqporation of perspiration ,

© Air flow rates throughout the cabin were very low near the center aigle. Increasing airflow
+ hes been found to give improved perception of air quelity.

| Carbon dioxide levels in the aft galley were acceptable when no dry ice was present.

| During the final flight leg the observation was made that the punkalouvre in the lavatory

: was closed. This louves was opened on the return trip, causing toilet odors to migrate
forward to the rear row of seating. Indications are that there is not enough air exchange in

~ the aft galley area, High carbon dioxide levels, coupled with low humidity could cause the

. sensation of buming eyes as well as muscle aches, headachses, etc. An additional
scrubber in the aft galiey to remove carbon dioxide and odors may solve the comfort
_problems experienced by working in this area.

| RECOMMENDATIONS

1 In summation there appear to be five key areas to make improvements on this aircraft:

1 1. Tmprave the filtration maintenance procedure and possibly use more readily cleanable
filters . ’ :

- Racommendations from this test would be that pack bum outs be discontinued and a

| method of cleaning filters external to the aircraft be developed. It has been found that
steam cleaning reduces the efficiency of the filter ( 75% filtration efficiency post steam

" cleaned ) . At this time it appears that the most viable method for cleaning the filters will
be the use of supercritical fluid ( Carbon dioxide), Asdor filters is currently developing
cleanable filters and techniques to be used in their regenaration. Current results are that

! the new process is yielding 97% efficiency on cleaned filters, °

. A method of assessing filter life needs to be developed. The current procedure only
examines the pressure drop across the filter, Hydrocarbon breakthrough is occurring,

3 Asdor filters have a shelf life of six months dus to their hygroscopic nature. It is not recommended that
they be kapt on the ghalf due to a loss in efficieny with water adsorption,

&)
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even though there is not a high pressure drop. As currently used, the standard filter does
not consistently provide 1000 hours of service before rejection due to pressure drop
criteria,

t The use on a real time formaldehyde analyzer would allow aperators to quickly chack for

. formaldehyde and ather hydrocarbons to determing if breskthrough is ocourring.

| 2. Reinstate the use of recirculated air in the cabin.

. 3. Incresse air movement in the cabin.

- 4, Reduce the amount of carbon dioxide in the aft galley,

' These changes and improvements will make the aircraft environment safer and enhance the

perceived ait quality for the crew and passengers of the aireraft.
Richard Fox

AlliedSignal Acrogpace

This document and all information and expraession
contained herein are the property of AlliedSignal Inc.,
are loaned in confidenca, and may not, in whole or in
pait, be used, duplicated, or disclosed for any
purpose without prior written permission of
AlliedSignal Inc. Al rights reserved.
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Biographical Information regarding Principal Inveatigator

4-86 7-88  AlliedSignal

Richard B. Fox
Senior Engineer
AlliadSignal Aerospace Company
AlliedSignal Engine Division
Materials Engineering Laboratory
' 1. Basic Datn
. Name: Richard Fox
t Employer : AlliedSignal Aerospace
Business Addrass:  P.0O. Box 52181
' Phoenix, AZ 85072-2181
Mail Stop 46-00/302-101
Telephone: (602) 231-2076 Desk
(602) 980-1388 Cellutar
Fax: (602) 2311142
E-Mail richard fox@alliedsignal.com
" Date BioPrepared:  October 28, 1997
- 2. Educational Record (begin with High School)
Years Date of
i Institution Course Completed  Graduation Degree
Washington High Sciens 4 May 1974  Diploma
Glendele Community College Chemistry, Physics May 1997 AA
Biology, Mathematics 2 Liberal Arts
Arizons State University  Zoology, Chemistry 2 May 1978  BS
Zoology
3. Professionsl Experience
rom to . Emplayer Jide Duties
- 1296 Pres  AlliedSignal Engineer 11T Air quality and Emissions
measurement team leader
$5-90 12-96 AlliedSignal Engineer I Air quality and Emissions
measurement team leader
7-88 590 AlliedSignal Engineer I Chemistry analysis, air quality -

snid emissions measurement

Engineering Assoc,  Chemistry analysis, air quality

und emissions measurement
4-85 4-86 RossLaboratory Div Lab Technician Aassist in new plant startup
of Abbott Pharmaceutical and chemical analysis

14
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3. Profeysionsl Experience, confinued

From to__  Employer Tide Duties
179 10-83 Phelps Dodge Corp. Senior Chemist Analytical group leader
i &8-84 4.85 Laboratory budgeting
- 10-83 8-84 Bhelps Dodge Corp, Assistant Shift Coordinate smelter operations
Foreman to maximize production
without violating air quality
standarde

4. Membershipa and activities in Socicties .
Sociely Grade Commitiee Year Fasition

. American Society of Heating ,Refrigerating and Air-Conditioning Engineers, Inc.

(ASHRAE)
Asgociate ASHRAE Aviation 1997 Co- Chairman of
Member Subcommittes Research
Subcormmittee
SBC161 1996 Standard for air
guality in coramercial
aiveraft- represant
aircraft engine
manufacturers
Society of Automotive Engincers (SAE)
Memmber E-31 Engine 93-97 Main Comminee
Emissions Measurement Chairman
198 7=-present 91-97 Cabin air quality
subcommittee
chairman
Consultent AC-9 Aircraft
Environmental Systems
1990- present

8. Principal Technical Interest Aveas
Aircraft cabin air quality, engine exhaust and smoke measurement, smoke plums visibility,

engine lubricant and foels certification,

&, Honors

Award Qrganization Date
. Premier Achievement Award AlliedSignal 1997
Alpha Epsilon Delta Premedical Honor Society  Arizona State University1977-1978
Deans List Gleadale Community Collegs 1976
National Honor Society Washington High 1973-1974

7. Publications
Sponsor of the following Aerospace Standards

SAE ARP4418 Measurement of Air Quality in Aircraft Cabing 1995
SAE ARP1533C lcylation issi i m Aircraft Emisgi 1995
SAE ARP 1179C  Smoke Emission Meagurement Procedures 1697
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Documents in Process :
SAE AIR 4476 Aircraft Cabin Air Quality 1990-1997
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8. Putents

- U.S. and Foreign Patents pending on Bleed Air Contamination Monitor.

9. Projects
Technica! Liaison and Pro;ect Momtormg suhcomnuttee chaxrman £or ASEmAE Reseuch-

Project 959. Determine Aircrs B ! §
and Typss. Project goes out for bids on November 11 1997 Rescarch to be completed

- within one year.
" AlliedSigual project to identify thermal decomposition products of fluids used on board

W«m exposed to hot bleed air temperatures. Project completion , Jamary 1998,

10, Certificationy
EPA Sections 608 and 609 Universal ground equipment and transportation certification

for freon recovery from air-conditioning systems.
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LIST OF
ABBREVIATIONS AND ACRONYMS'

ACGIH American Conference of Governmental Industrial Hygienists

AI(R) Aero International (Regional), Australia

APU Auxiliary Power Unit

ASHRAE American Society of Heating, Refrigeration, and Air-Conditioning
Engineers

C-Check Heavy-Maintenance Overhaul Procedure

DNPH Dinitrophenylhydrazine

ECS Environmental Control System(s)

EPA Environmental Protection Agency

NIOSH National Institute of Occupational Safety and Health

OSHA Occupational Safety and Health Administration

TCP Tricresylphosphate

TLV Threshold Limit Values

TVOC Total Volatile Organic Compounds

vocC Volatile Organic Compounds

!(See Attachment 2 for additional abbreviations, acronyms, and references.)

DEFINITION OF TERMS?

Operator—In this report, the operator is defined as the engineer or technical crew who is
performing the pack burn procedure.

Recirculation Mode—On the BAe 146 aircraft, the recirculation mode is defined as the delivery
of a mixture of 60% conditioned outside air, and 40% air, drawn from the cabin—
through the ECS-cabin and cockpit-filtration and distribution system.

2(See Attachment 2 for additional definitions of terms and references.)

21-9910
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AIR-QUALITY TESTING
ABOARD ANSETT AIRLINES
BAeld46 AIRCRAFT

1. SCOPE

Air-quality complaints have been noted on the BAe146 aircraft fleet in service at Ansett
Airlines in Australia. The root cause for these complaints has been a matter of speculation for
some time. The purpose of the AlliedSignal testing at Ansett Airlines was to provide technical
assistance in the area of air-quality measurement, and to help identify areas where improvements
could be made, to enhance the perceived quality of the air on-board the aircraft.

This report presents the findings from air-quality measurements taken on the ground, and in
flight, contaminant identification—from the air filters used to clean the cabin supply air, and
findings from measurements taken during pack burn out’s.

2. SUMMARY

Testing on a system, with correctly installed and serviced air filters, indicates that air quality
is acceptable throughout the aircraft during revenue flights—with the exception of the aft galley,
when dry ice is present. In non revenue flights, with no dry ice present in the aft galley, carbon-
dioxide levels were acceptable throughout all areas of the aircraft. The aft galley is a confined
space, and changes to the airframe or operations couid be implemented to reduce carbon dioxide
in this area,

Total contaminant levels, in supply air to the cabin, exceed 50% of the current safety
standard limits (NIOSH, ACGIH) during pack burn out’s. Compounds present include
formaldehyde, tetrahydrofuran, and cumene. These compounds cause skin, respiratory system,
and eye irritation, as well as nausea and narcosis, if present in excessive levels. NIOSH
recommends that exposure to these compounds be reduced as much as practicable. These
compounds are concentrated—and are released from the filters—if break-through occurs during
use. The majority of the currently detected compounds do not have established exposure limits.

Test results indicate that heating up the packs does not fully remove the build-up of
hydrocarbon contaminants. Observing the filters reveals that filter temperatures reach a high
level—high enough to melt the thermoplastic glue that adheres the filter pleats to the cabin-filter
support screen (see photo at front of Appendix 1).

21-9910
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A contaminant-breakthrough test for air filters needs to be developed and implemented.
The current method used to measure delta P across the filter, checks for particulate
contamination, and gives no indication for actual, hydrocarbon contaminant removal from the
filter.

Pack burn out’s may cause premature failure of charcoal-impregnated filters by heating up
contaminants—only enough to cause them to migrate further into the filter media, blocking filter
surface area—that might otherwise be available for hydrocarbon adsorption. They may, in fact,
create an elevation of hydrocarbon offgasing, for a time during the first flight, after performing
this cleaning procedure. Test results indicated that the filters performed better at removing the
supply-system contaminants, than removing passenger-generated contaminants.

Providing recirculated cabin air would provide an increased level of humidity in the cabin,
and reduce discomfort from watering eyes and dry nasal tissue. In conjunction with the use of
correctly serviced air filtration, a clean, more comfortable, cabin atmosphere would be provided.

Perception of temperature gradients was not supported by temperature and relative-humidity
measurements. Sensible air flow is minimal in the center of the cabin, and can generate these
perceptions. Increasing airflow to the center of the cabin would reduce the perception of poor air
quality and hot spots.

During normal flights, with filters having over 1000 hours of service, as well as with new
filters, levels of air contaminants—provided to the cabin and cockpit—were found to be 30 % to
40 % of currently accepted safety standards (NIOSH, ACGIH). During all revenue segments—
total contaminant levels, whose TLVs have been identified—were 100% to 130 % of accepted
safety standards in the aft galley. Total TLVs are determined by summing the ratio of the
measured concentrations of contaminants, versus their individual TLV limits. No evidence was
found of any tricresyl phosphate isomers having been present in the cabin air-supply system.
Tributylphosphate, however, was detected in trace quantities. Its TLV values cannot be assessed,
because there is no way to determine the quantity of air that has passed through the analyzed
filters

2.1 Schedule Of Testing:

Friday 8/22/97 S/N—VH-JIY  (Freighter)
Pack burns only APU S/N—unavailable
Saturday 8/23/97 S/N——VH-EWI  (Passenger)

This aircraft was chosen for testing because it had the worst record for odor in the cabin at the
time.

Pack burns and air-quality sampling in cabin during pack burn.
APU Model Number GTCP 36-150M

21-9910
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APU MFG. P/N—3800216-2 S/N—P162AUC  Ansett S'IN—026
Engine Model Numbers ALF502RS (141100)

Engine S/Ns—LHI  Mir. # LF05154 Ansett S/N— 014
LHO Mifr. # LFOS691A Ansett SIN— 066
RHI Mfr. # LF05852A Ansett S/N— 082
RHO Mfr, #LF05816A Ansett S/N— 081

Sunday/Monday 8/24/97& 8/25/97, SIN—VH-EWI (Passenger)

One, two-hour, non-revenue flight, in the A.M—with the old filter having service Iife of over
1000 hours. Cabin full-fresh air was selected for entire flight. Seven persons were on board for
test.

Also, two, 90-minute legs of revenue flight on Sunday P.M., and twe, 120-minute legs on
Monday A.M. After changing out air filters and installing new, cabin full-fresh air was selected
for outbound legs, and 40% recirculated air was selected for return legs. Flights were near 100%
passenger loading.

Monday 8/25/97 S/N—~VH-EWS (Passenger , APU Model 36-150M, S/IN—P304)
Pack Burn only
3. PROCEDURE

A variety of analytical methods were used to evaluate aircraft air quality. These are briefly
described, along with the target of the analysis.

3.1 Bleed-Air Contamination Monitor

This device converts organic material such as fuel, oil, or hydraulic fluids to carbon dioxide,
and measures the increase—compared with carbon-dioxide levels in the engine or APU inlet air.
This instrument was used in this application to look at pack burn outs, and evaluate their
effectiveness, using the standard Ansett operating procedure as the test sequence.

3.2 Carbon Dioxide Analyzer

On-line monitoring of carbon-dioxide levels in the supply air to the cockpit, cabin, and
within the aft galley—adjacent to the flight attendant seat, at approximately head height.

3.3 Carbon Monoxide, Oxygen, And Methane Analyzer

On-line, analyzer-level monitoring of contaminants in the supply air to the cockpit, cabin,
and within the cabin (aft galley).

21-9910
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3.4 Temperature And Relative Humidity

Measurements of temperature and relative humidity were taken in the aircraft cabin to
determine potential causes for reports of stuffiness and temperature gradients. Human comfort
perception requires that temperature and humidity fall within a certain range to satisfy the 80th
percentile of the population.

The following analyses were performed by Performance Analytical Laboratories in Canoga
Park, California. See the appendixes for the list of the states in which they have been certified:

3.5 DNPH Cartridges For EPA TO-11 Analyses Of Aldehydes And Ketones

These are the sampling media, for aldehydes and ketones, in the supply air and aft galley. A
minimum of 20 liters of air is drawn through the cartridge, at a calibrated flow-rate, not to exceed
two-liters per minute.

Aldehydes and ketones have previously been shown to cause burning and watering eyes.
These compounds are common, thermal-decomposition products of fuel combustion, internal-
and external-system lubrication oils, and hydraulic fluids. It should be noted that these
symptoms can also be caused by low humidity.

3.6 Summa-Canister Analyses

Summea canisters are evacuated, precleaned, polished and conditioned, stainless-steel
cylinders used to trap air samples for later analysis. Samples may be collected by either a grab
type method-—whereby the valve on the cylinder is opened, and a sample is immediately
captured—or by a time-weighted method, using a calibrated, mass-flow controller. In this testing
application, mass-flow controllers were used to collect samples over the flight-test intervals of
30, 60, 90, and 120 minutes.

A variety of tests were performed on the summa samples:

(a) EPA Method 25C: This method is used to quantify levels of carbon dioxide, carbon
monoxide, methane, and total nonmethane hydrocarbons by gas chromatography. It
provides a cross check for the on-board analyzers, as well as a way to obtain a relative,
total-hydrocarbon measurement in flight.

(b) EPA Analysis For Ozone Precursors: This method is used to quantify levels of target
compounds, which are usually fuel-combustion products. It provides a more specific
target list than other methods.

() EPA Method TO-14, Plus 15 Tentatively Identified Compounds: This test method
specifically looks for 43 compounds on the EPA target list, using Gas Chromatography
and Mass Speciroscopy. In addition, the 15 compounds of highest concentration, not
previously analyzed in the target list, are tentatively identified.

219910
4



AlliedSignal

AEROSPACE

This method provides an intensive look into the remaining air constituents that have not
been analyzed by other methods. Often, there will be fragments of other compounds that have
been thermally decomposed. These compounds will not have any safety standards derived for
them, but they can help identify the source of contamination—based on the type and size of the
fragments detected.

3.7 EPA TO-13 Analyses

This method identifies compounds that are usually too heavy to be captured by summa
canisters, typically known as semivolatile compounds. Some of these compounds generate foul
odors. A large volume of air is required to obtain low-detection limits. This makes testing for
these contaminants impractical during revenue flight tests. As an option, the filters were
removed from the ECS system, and the captured contaminants identified. This provides a very
large sample volume, with the filters having over 1000 hours of service, but makes it impossible
to quantify mass-per-unit of air volume.

This method is used to identify the ortho, meta, and para isomers of tricresylphosphate
(TCP). This compound is too large to be detected by the gas-analysis techniques used for summa
canisters. Four TCP isomers were evaluated during the analysis process.

Test planning revealed that the only accurate way to assess the presence of triorthocresyl
phosphate, is to analyze a portion of the filter elements from the aircraft. The filter elements
would capture any semivolatile material in the air supply, before it reached the main cabin.
Therefore, any in-cabin measurements of semivolatile material, would most likely detect
contaminants from non-supply air sources—that is, passengers and baggage brought on board,
and so on.

4. TEST OUTLINE

Bleed-air contamination monitoring was conducted on three, separate, aircraft during pack
burn out’s, The goal was to assess the effectiveness of the pack burn out’s by comparing the
hydrocarbon level of air entering the APU, with the air being supplied by the packs to the cockpit
and cabin.

This equipment was set up for ground use at the hangar. Sample lines were run to the APU
inlet and a cabin-supply air grill. Throughout the test, a variety of selections were chosen from
the control panel. These included single- and dual-pack operation, and temperatures ranging
from O- to 70-degrees C. Some of this selection was involuntary, as packs, at times, tripped
off—due to fault controls of the ECS system. During the testing of the aircraft, that is used for
flight testing, samples were collected with no filters installed, as well as with high-time air filters.

Air-quality samples were also collected from this same aircraft—to determine the operator-
exposure levels—when inside an aircraft performing pack burn out’s.

219910
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A non-revenue flight was scheduled to provide a time when comprehensive testing of
temperature and airflow could be conducted, without any impact on passenger comfort, during a
revenue flight. The non-revenue flight provided an opportunity to capture summa-canister
samples during separate phases of flight. This could not be done on revenue flights due to
potential passenger curiosity, and operational inconvenience during canister changes.

The flight also provided a comparison of contaminant levels, aboard an empty aircraft, to
compare with levels aboard an aircraft with 100% loading. Comprehensive air flow,
temperature, and humidity measurements were collected by Ansett Airlines, and AI(R)
personnel, during the time interval that the gaseous air-quality measurements were obtained. In
addition, Ansett Airlines personnel ignited a smoke candle in the forward cabin to observe air-
flow patterns in the cabin.

The ECS was run in full-fresh mode during the entire non-revenue flight.

Testing was alse conducted on four, revenue-flight segments, These segments were 90 to
120 minutes in length. Passenger loading was near, or at 100%, during all segments. The two,
outbound segments were tested with full, fresh air supplied to the cabin. The two return
segments were tested with a 40 % cabin-recirculation rate.

Testing with this aircraft loading allowed an accurate assessment to be made, regarding the
impact of recirculating cabin air on total air quality.

5. RESULTS
5.1 Cabin And Cockpit Air-Filtration Test Results:

Findings from the bleed-air contamination monitor indicate that full, hydrocarbon clean-out
of the ECS systems, on the three aircraft, never occurred during the pack-burnout process. The
test period for these aircraft was at least one-half hour for each aircraft. A typical pack burn out
will only heat the duct for a period of five minutes. On the aircraft used for the revenue flight
testing, the filters were removed, and the tests repeated. The analyzer did not indicate any air-
quality improvement with the filters in place.

Hydrocarbons from synthetic oil do not begin to oxidize and decompose, until they reach
approximately 200-degrees C. The pack temperature of 70-degrees C may begin the cleanout
procedure—by vaporizing and oxidizing lower-molecular-weight hydrocarbons—but will always
leave a residue of high-molecular-weight hydrocarbons behind. The higher-molecular-weight
residue can be the cause of the dirty-sock odors that are sometimes encountered. Analysis of the
filters indicated a significant amount of high-molecular-weight residues that could not be
identified.

The high-time filters allowed odors to pass through them, on takeoff, during the non-
revenue flight. These odors were not detected, with new cockpit and cabin filters installed, on

21-9910
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subsequent takeoffs—the same day or the next. Neither set of filters were effective at removing
the passenger-generated contaminants present from alcohol consumption on board the aircraft.

Appendix 1 contains a table that indicates that activated charcoal has selective-adsorption
capabilities. The filters on board this aircraft operate on a similar principle, but may have
slightly different adsorption characteristics. Formaldehyde has a potentially low adsorptivity.
Ethanol should have a high adsorptivity. Neither contaminant was reduced to any great extent
when operating in recirculation mode. The total VOCs—as measured using EPA TO-14, in all
legs of revenue flight—were at, or below, 3000 ug/cubic meter—even when taking passenger-
generated contamination into account. This level, is where Hogston indicates that complaints
may begin to occur because of high levels of VOCs. Though ethanol levels are very low, the fact
that they did not decrease, during recirculation modes of operation, raises the question of their
overall adsorption efficiency for other substances.

Generally, levels of VOCs in the air supplied to the cabin are very low, when compared
with other models of aircraft in use. Contamination originating in the aircraft air-supply system
is similar to that seen in airframes of other manufacturing origin.

21-9910
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5.2 Flight Test

Airflow: Cabin-airflow measurements indicated that outlet flows were highest (1.3 m/s) at
the forward three rows of the cabin (see Figure 1.). On average, outlet flow was 0.7 m/s. through
the remainder of the cabin, with flows of approximately 0.4 m/s being recorded in rows 9 and 10,
12, and 15. Flows in the aisle were taken at head-height of seated passengers. These flow rates
were much lower, being generally well below 0.1 m/s. An ignited smoke candle, in front of the
cabin, indicated that the flow pattern was from the front to the rear of the aircraft.
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Figure 1. Cabin Airflow Measurements

Temperature: Cabin air temperature was very stable throughout the flights. No isolated
pockets of hot air were detected. Stability appeared to be independent of passenger loading.

Relative Humidity: The cabin-air relative humidity dropped to nearly zero—on the non-
revenue flight, with no passenger load—when the aircraft was operated in full-fresh mode. With
a passenger load, operating in a full-fresh mode, the relative humidity reached lows of one-to-
three percent. When operating in recirculation mode, the achievable humidity levels ranged from
nine to thirteen percent. (See the appendixes for more detailed test data.)

Carbon Dioxide: The carbon-dioxide levels were monitored by on-line measurements—
taken during flight—from cockpit supply air, cabin supply air, and air within the aft galiey.
During the final-revenue sectors, ievels were also measured within the aft cabin. The levels of
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carbon dioxide were also measured from the summa-canister samples—taken from the cockpit
supply, cabin supply, and aft galley.

Results of these measurements indicate that carbon-dioxide levels are below comfort and
safety limits, with the exception of the aft galley, where dry ice is present. When dry ice is
present, concentrations of carbon dioxide were observed to reach unacceptable levels—after
takeoff—when its TLV ratio is added to other compounds. (Carbon dioxide levels, in the aft
galley, exceeded OSHA and ASHRAE recommendations for an eight-hour continuous exposure
in a workplace environment.)

The summa-canister concentration of carbon dioxide corresponded with the on-line analyzer
findings—even though the summa samples were based on a time-weighted average.

Carbon Monoxide: Carbon monoxide was not detected in flight. Samples analyzed from
the summa canisters were in agreement with these findings.

Oxygen: Oxygen levels remained at 20.9 % throughout the flight. The oxygen levels in the
galley dropped slightly—to 19.9 %, during takeoff—for a period of approximately one minute.

DNPH Aldehyde: Sample results from aldehyde testing indicated that formaldehyde was
around 30% of NIOSH levels, in the supply air, and aft galley, during pack burn out’s. Levels in
flight were also within accepted safety standards. The new cabin-air filters do not make a
significant improvement over the 1000+ hour filters in reducing total levels of formaldehyde.

Summa Canister: Levels of other contaminants measured by the summa-canister samples
do not have as sigrificant an impact on the TLVs as formaldehyde. Many of the compounds
detected have not been assessed for exposure limits. They could add to occurrences of odor, or
physiological complaints, if present in significant quantities.

Carbon Monoxide: Carbon monoxide appears to have been detected by this method, but
was not detected with the on-line analyzers during flight. The method-detection limit for carbon
monoxide is one ppm, which is very near levels that are being reported on the summa-canister
samples. It is doubtful that carbon monoxide is present in any significant levels.

EPA TO-13 Analyses Of Cabin And Cockpit Filters: A substantial number of contaminants
were detected on the filter samples. These contaminants were significantly different than those

reported by Asdor in a memo dated March 13, 1997. The general-contaminant list that they used
for their analysis was similar to the TO-11 list—without analysis of tentatively identified
compounds. The AlliedSignal analysis identifies a number of odor-producing compounds that
have not been previously reported.

A search, referenced against a calibrated standard, was made for isomers of tricresyl
phosphate. None were detected in the sample.

21-9910
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5.3 Conclusions
5.3.1 Pack Burn Outs

Pack burn out’s are reported to reduce the number of odor complaints, when they are
performed on a daily basis. However, test data indicates that operators are exposed to levels of
hydrocarbons over half the total TLV. This exposure can continue for some time after
completion of this procedure.

Findings from the in-flight test indicate that hydrocarbons (ethanol) are breaking through
the filter, even though a pack bumout is performed before the departure. Pack burn outs very
likely accelerate the loading up of the surfaces on the filter, and accelerate the process of
hydrocarbon breakthrough. Higher molecular-weight molecules occupy the available filter
surface area necessary for trapping other compounds—such as formaldehyde and ethanol—and
prevent the filter from effectively removing odors for its calculated life expectancy.

Physical damage—from excessive heat melting the thermoplastic adhesive that holds the
filter pleats to the inner screen—was observed on the cabin filter. The thermoplastic adhesive
starts to soften at 85-degrees C. The filters are rated for operation at temperatures of over 100-
degrees C. It has not been determined if the adhesive used on this particular set of filters is
faulty, or if the bleed temperature exceeded the filter-temperature limit (see the photegraph in
Appendix 1).

Bleed-air contamination-monitor results indicate other areas of the system are
contaminated. On this aircraft, all four engines, and the APU, have modifications installed to
minimize oil leakage into the bleed air. It is not known if the ECS system and ductwork were
cleaned since these modifications were made to the main engines and the APU.

Ansett Airlines states that this cleaning usually occurs during the C-Check every 1000
hours, or approximately two years.

5.3.2 Cabin-Supply Air Quality

Note that current safety standards differ from air-quality levels, that will provide a
perceived, acceptable level of customer and crew satisfaction. Contaminant levels may be well
below recommended levels in currently accepted safety standards-—yet generate compiaints,
because they can act in synergy with other contaminants—or because some standards may be
outdated and not have incorporated more recent scientific and medical evidence . In addition,
extenuating circumstances on board aircraft (including humidity and cabin pressure), have not
been studied to the extent that a new standard can be proposed——that incorporates these factors—
or identifies interactions between factors.

The quality of the supply air for the cabin and cockpit is within safety limits. Based on the
filter analysis, there is no evidence to back claims of triorthocresyl phosphate exposure. The
manufacturer of the oil-in-use on the aircraft backs this claim, as evidenced in the manufacture’s
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attached memo. Odors were detected in the air on the flights where the filters had hydrocarbon
breakthrough. Changing the filters immediately corrected this problem.

Carbon-dioxide levels in the main cabin were very low, compared with other aircraft
models. Based on an improvement in humidity levels—and reduction in organic contarinants
seen while operating in a recirculation mode—it is recommended that the aircraft be operated in
this mode.

Low-humidity levels can cause some of the sensible heat complaints. By operating in a
recirculation mode, the effect of sensible heat on occupants of the aircraft, will be reduced by
increasing the humidity—to buffer the rate of evaporation of perspiration .

Air-flow rates throughout the cabin were perceived to be very low near the center aisle.
Increasing airflow has been found to give improved perception of air quality.

Carbon-dioxide levels in the aft galley were acceptable when no dry ice was present.
During the final flight leg, the observation was made that the punkalouvre in the lavatory was
closed. This louver was opened on the return trip, causing toilet odors to migrate forward to the
rear row of seating. Indications are, that there is not enough air exchange in the aft-galley area.
High carbon-dioxide levels, coupled with low humidity, could cause the sensation of burning
eyes, as well as muscle aches, headaches, and so on.

6. RECOMMENDATIONS
In summation, there are five, key areas to improve air quality:

(1) Improve the filtration maintenance precedure and possibly use more readily
cleanable filters.

Results from this test, suggest that pack burn outs should be discontinued, and a
method of cleaning filters, external to the aircraft, be developed. Steam cleaning
reduces the efficiency of the filter (75% filtration efficiency, post steam-cleaned).
At this time, the most viable method for cleaning the fiiters is the use of
supercritical fluid (carbon dioxide). Asdor Filters is currently developing
cleanable filters and techniques to be used in their regeneration. Currently, the
new process is yielding 97% efficiency on cleaned filters.

(2) A method of assessing filter life should be developed. The current procedure
only examines the pressure drop across the filter. Hydrocarbon breakthrough is
occurring, even though there is not a high-pressure drop. In the current
application, the standard filter does not consistently provide 1000 hours of
service—before rejection—due to pressure-drop criteria. Using a hydrocarbon
monitor would allow operators to quickly check for hydrocarbons, to determine if
breakthrough is occurring.

(3) Reinstate the use of recirculation mode in normal operation of the ECS.

21-9910
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(4) Increase sensible air movement in the cabin.
(5) Reduce the amount of carbon dioxide in the aft galley.

These changes and improvements will enhance the air quality for both the crew
and the passengers of the aircraft.
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APPENDIX 1

AIR-QUALITY TESTING
ABOARD ANSETT AIRLINES
BAel46 AIRCRAFT

SUPPORTING DATA

(18 pages)
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Ansett TO-13

- ™
8 2 £
— [ B
© 2 <
o S E
EPA method TO-13
GC/MS COMPOUND mg/Kg
Ret. Time weight of compound per unit of filter mass
5.21-.25 Napthalene 41 51 50
5.69 Nonane 40 60 1050
5.76 2-Butoxyethanol 30 50 24
6.8 Ethylmethyl Benzene Isomer 50 D/A
7.16 Octamethyl Cyclotetrasiloxane 200 300 D/A
7.4 Trimethylbenzene Isomer 60 50 123
7.5 Decane 200 500 D/A
7.89 Trimethylbenzene isomes 50 200 123
7.99 Unidentified Hydrocarbon 50 D/A
8.05 Limonene 50 D/A
8.12 Eucalyptol 100 300 D/A
8.41 1-Methyl-3-Propyibenzene 50 D/A
8.51 Diethylbenzene Isomer 40 D/A
8.55 Unidentified Hydrocarbon 100 D/A
8.64 2-Methyldecane 50 100 D/A
8.75 3-Methyldecane 40 D/A
9.01 Dimethylethyl Benzene Isomer 170 D/A
9.11 Heptanoic Acid 100 D/A
9.26 Undecane 600 600 D/A
9.63 Tetramethylbenzene Isomer 80 100 D/A
9.86 Decamethylcyclopentasiloxane 200 300 D/A
10.16 Ethyl-dimethylbenzene Isomer 60 D/A
10.25 Unidentified Hydrocarbon 60 D/A
10.34 2-Methyl-undecane 90 D/A
10.44 Unidentified Hydrocarbon 80 D/A
10.93 Dodecane 600 500 D/A
11.13-12.05 Unidentified Hydrocarbons 300 400 D/A
12.33 Bornyl Acetate 100 100 D/A
12.49 Tridecane 600 400 D/A
12.86 1,3,5-Tris(1-Methylethyl)Benzene 60 D/A
13.41-13.51 Unidentified Hydrocarbons 100 200 D/A
13.94 Tetradecane 300 400 D/A
14.78 Unidentified Hydrocarbon 40 70 D/A
14.86 2,6-Bis{1,1-Dimethylethyl)-2,5-cyclohexadiene-1,4-dion 40 70 D/A
15.31 Pentadecane 200 300 D/A
16.66 Unidentified Acid 100 20 D/A
16.66 Hexadecane 100 D/A
17.17 Tributyl Phosphate 200 300 2200
17.5 Unidentified Hydrocarbon 40 50 D/A
18.02 Heptadecane 80 S0 D/A
18.33 2,4-Diphenyl-4-Methyl-2(Z}-Pentene 100 200 D/A
19.67 Isopropyl Myristate 100 200 D/IA
21.49 Unidentified Phthalate 50 D/A
22.91 n-Octyl-4-Hydroxybenzoate 100 200 D/A
30.37 Bis(2-ethyihexyl)phthalate 50 D/A
31.27-37.71 Unidentified Compounds 2000 800 D/A
31.76, 32.10, 32.4 |Tricresylphosphate isomers ND ND
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Non Revenue Test

Temperature and Humidity Measurements

Non Revenue Test Flight 24 August 1997 BNE-BNE
.43}
(e,
43800 3300
Il
= o
B e @0 e N
‘ 1 45)
[Prose )_[Temp [RH Comments Bp « e o mmme mm e o e e
Climb . © [
. ¥ s s ww —
30 1o Temp
2 * o * Y P LY BAH
10 .
o
° 200 400 €0 600 1000
Climb $0
40
£
* 4, 3 hd .
2 = ) T
10
‘ o A ‘
0 200 400 600 800 1000
Cruse 50
40
30 o Temp
2 *00 o . ¢ oo ERH
10 ] x X - P
[} L
o 200 400 600 800 1000
Cruise s0
40
» * > * *
x -
10 =
. o 13 =
[ 200 400 600
Cruise 50 e e — . —
140
Y o Temp
b 2 LR XS o *. * L3 2 ERH
340 22.6] 7 .
00 232 3 - e
00 23 29 o sk
44 3.4 ) [ 200 400 600 800 1000
Cruise 42 8| 0
[ P, e e - —
75) 8| 0 ©
35/ K [ 2 .Teml
15 1.8 0.5 20 P Y Sy 2 a__ e e  (ERH |
40 22,11 Q0.5
00 32.6) 0 1 -
0] 21.9) 1.7 o * —x S
vy 517 ) 0 200 400 600 800 1000
Descent 42 23| 1.4 Top of Descent | | 55
75 23.2 15 ©
35! 23] 0 2 oTemp
15 2. o 2 tee o . s o 2RH
340/ 23.! i
gg . 2 |1z ® I
34 5 poi——p Ry RN
:12|CP. 24 23.3) 0 0 200 400 500 800 1000 ]
Descent 11714C 343 4.3] 17.4]Landi
8]4C. 343 4.5 7.5
:20]4C 343) 4.4 7.2
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BNE-ROK

Temperature and Humidity Measurements

Revenue Test Flight 24 August 1997 AN 276 BNE-ROK

) o
Eg_se Time Location_ [X{Approx)[Temp @ — X 9 {
Gate 4:45/19B B40 .
450[198 340 25,
|Push Back 451]188 540 ;
455198 340 .
4:58}198 340 -
Takeol :00{198 340
:03]198 340
:06{198 340
40
340
840 g 50 . . T
715 22 2 i?.{ ol H
35 22.7 20.9 30 oTempi'
75 23. 20,5 20 R —b—2 L ZfH
42 23, 14,5 10
00 23. 19.2 ° "
73 24, 5 o 200 400 600 800 1000
B0 24.5 —
: 840 ziiil 2 .50
: 500 236 ©
: 15 24 104 3 foTemn |
: 35 24 13 2 s oe 4 . e o !IHH
: 75 4.2 5.1 ® - I
15:40]18 42 4.1 3 1 | P "
15:41[FG 00 4.2 82 ° ol t
15:42]CP_ r 4.8 B [ 200 400 600 800 1000
Descent 15:49]18B 340 22| 36
15:51}198 340 21.8] 5) Temp and RH variation
:63]198 340 22.5] 13.3 at Seat 198 throughout tlight
55}198 840, 23.3) 14 0
56{198 540 23.2 T4 i
:§1|_93 840 23.2 7.1 45
15:58]198 840 23.1] 6.7 ©
15:59(198 340 23.2 2
:00{198 40 23.2l 21, s
:01]198 540 232 22. . = »
1021198 40 734 255 »
:03|198 340 23.8 255 25 1—a. l"; g *Tomp
Landing :04|198 340 3.1 24.4 I Bl Soo Laad £RH
05198 340 4.2 244 Tx -
1061198 340 4.3 26 15
2071198 340 X R LA
Shindown 081198 340 a7 29, 1 i
:09{198 340 48] 28, 5 - £ ’
:10[198 340, 4.9, 3 a .
1]198 840 4.9 a1, e y
2198 B840| 25.2 29.6| 1438 1452 1507 152t 1536 1550 1604 1619 l
456.00
2.8 (13 x 39 33.00
10 19 12 13 14 I5 16 17
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Temperature and Humidity Measurements

Revenue Test Flight 24 August 1997 AN 7?77 ROK-BNE

ROK-BNE

(Rec Qc)

= - ‘3/
Phase Time Location X (Approx) Comments
16:27]198 540 ) ! =
Start 16:28[198 840 .
29198 )
-30[198 340
31[198 30
32|198 40
Takeoff ;341198 40
;371198 840
:40]198 40 .
:42|AG 00 o —
16:42|15C 15 = » - T o Toroti
16:42]10C 35 X x T et o . T e ‘;R«:m“
16:43[5C 75 24 34 " =
16:43|16 42 237 23, 10 i
16:43[FG 200 24.1 3 ° |
16:24[GP_ a4 z.q 1 0 00 400 600 B0 1000 i
16:52[198 40, 23.9) 23] -
16:55{158 340 23.3 25.4
17:00{198 40 22.6 225 0 -
17:011AG 300 228 1.1 © ‘
17:01]15C 715] 2. 2, P pa ey
17:02]10C 535] 23, I’ ot e ¥e o 1 S e wmn Il
17:03|5C 75 23, 8. L —
7:03)18 42 23, 8, 10 -
7:08]FG 00 23, 27. ° y
7:05CP a4 23.8 3 0 20 400 600 800 1000 i
7:11]198 B40) 24,5 23.3 !
7:20[198B 840 25.1 2—21 Temp and RH Variation at Seat 198 |
7:22[198 B40 254 51.3] Throughout Flight !
7:23[198 840 755 g{ 50 — |
7:251198 340 25.7 8 : !
7:29]198 40 26 17.7 4 - l
7:30[198 340) 26 19.4 40 '
17:31]198 340 26 k] |
7732|198 840 21| 2. W ;
1733|198 40 26.1 20, » e |
7:34[198 340 26.2, 22, 25 _&9_1___1—«-&—_ : :
735|198 540 263' 3. 2 ¢ L) =R
7:36]198 340 26.4] 3. )
7.37{198 840 264 4. 15 \ '
17:37:40{198 340 26.6 2 10 .
17:38)198 340 26, 26. 5 .
7:391198 40 26, 78,
7:40]198 840 26, 256 0 !
7411198 840 268 24] 1619 1633 1648 1702 1716 1731 1745

458.00

eyuiu

AHEH

{15 = 31)

HHEE

a8 10 U4

224.00
7 x 32} ®«3)
STA
822.83)
{REF),

21-9910
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Flezu

BNE-MKY & z9/
N ]
Temperature and Humidity Measurements @ %(U {q
Revenue Test Flight 25 August 1987 AN 262 BNE-MKY
Temp & RH at 198 throughout flight
Phase Time__|Location [X (Approx]iemp___JRH [ 50.0
Push Back :59]198 340 22 24.8 50
:02]198 340, 22, 36.9 w00
:05[198 340 4, 32.0] - o
061198 340 22.5 260 350
.08/198 40 26.0 22 300 L
1111198 340, 263 23, Y e oun
1131198 340 27.4 22 0 .oay MEPYINC el
Takeor 141195 40 275 K 200 ]
-15[198 40 375 X 150 ‘:_ —a
-16]198 40 275 . 100 L]
A7[198, 140 27.3| 2. 50 . f
5[198 40 273]___ 127 00 o m MEE g g
% L T + +
7 ::g jg ggg ‘(‘%] 852 907 921 9:36 §50  10:04  10:49 9033 1048
AG 00 26.0 .
c Bl 762 peyd
24110C 535 26. 300 - - e Temp
:24 5 375 25. 200 . s0 K3 L2 M
:25[1E 42 25. X 100 - - }
25/FG 00| 256 56] 00 —n - + * —
261G n 551 53 6 100 200 300 400 500 600 700 600 900
1291198 340 242 19
Cruise :35[198 340 230] 0.4
;40{19B 340 2 z‘ .0
;45198 340 21.5 .0
;501188 340! 21.1
:56]198 34 20.5
202198 3 1.6 .
:05]198 340 22, 20 500 |
:07]AG 300! 234 0 00 |
0.08]15C 15 23, 4 w'o |
0 535 4, . 200 . & 6 Y Py . >
:10{5C 375 4.4 .1 10'0 N
O: 1[—8 43' 4.4 [ 0.0 JOS - L] - IJ
= TE Y -
e T e e e e
Top of Descent 0:21|]CP 44 25.2 11 500
0:22|FG 00| 25. 0.0 00 . .
0:22]18 42| 25. 0 300 ) B
0:23)58 75 25.2 .0 200 LR - & 0 & b|eTemp)
:23[10C 535 25.7) .4 100 T 3 |mRH
:24]15C 715) 254 8 00 - - o R o T
e L T s e w e e e w
0:26{198 34 25.0 3
;27198 340 25.2 6.
28198 40, 252] 6.
:29(198 34 25 4.
:30]{198 34 24.
0:31]19B 340 X ;
0:32]198 340! 24. 4
0:33]198 340 4. .0
0:34]198 340 4.4 .7
:35{168 340 4.7 2
:36]198 340 246
:371198 140 I )
Landing :37|198 340 4. 4
:38{198 340 24, 8.0
0:40[158 340 5.0 18.2

LR

@ <3y N

21-9910
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R sy !
— e N LR L v
MKY-BNE The e TN ~T
Temperature and Humidity Measurements ~
. .
Revenue Test Flight 25 August 1997 AN 263 MKY-BNE e, g“\
= ~ \ R
Fhase [Teme __ lLocation X (Approx)| Tem| RH Comments
Push Back :17]198 340) 244 32.2)
Start :20{158 340 257 30.0
22138 340] 259 28.1
25]198 340) 257] __29.1
Takeolf 228[198 MO‘ 257 275
“30[198 340 255 28.7)
32168 540) 246 25.7)
1:34[198 340 243 23.4)
1:36]198 40 236| 253
1:38[168 340/ 23.4) 22.0 500 |
28[AG 00| 233 268 w00 !
35[15C 15 232 21.2) 20 ‘.,,mll
:39110C 538] 231 23.7 20 e B g a [ 8 o Serv |
“45[5C 75, 229 202 .
40]18 23] 233 2 100 l
RS 0] 237 4.0 00 — H
a2|CP 34 23.9) 3.5 o 100 200 200 400 500 600 00 800 200 |
A7[198 340 4.5 17.0)
: 340f 4.5 15.7|
3401 4.2 15.4
340 4.0 .4
wd 4.1 4.4
12 340 44} K3 500
12; al;\a 500 42) .Tsf wo
12:13]16C 15 42 7| w00 m:ﬂ
12:14}10C 535 43 12.9) wo . o o o . . s dmAn
12:15/5C 75 4.0) 7.2 = . o L)
121618 32) a1 E 100 w® w
Z17[FG 00 31 132 00 a
1218|CP a4 4.2) 71 o 100 200 00 0 500 600 700 800 900
Top of Descent 12:26198 340 260 6]
12:26{198 340) 26.0 30.2] Temp and RH Variation at 198 Throughout Flight
12:27]198 340 26.1 5|
12.28(198 340 ! 8 s00 X
12:25|195 340 57 | ;
12:30]198 340 4] ©0 :
12.31{198 340 2] .
13:32]198 340 .1 40.0 ol
12:33]198 40| 3] !
13:34]198 320 3| 350 d
12:35]158 340 X3 .
12:36,198 340) 3| %0 o
12:371198 340 E - conehth & 000000004 1| o Tomp
12:38]198 330 Fik 5 2501 e L whr
12:39}198 340 27.3) .0[ w0 =
12:40]198 340 272‘ 7] . ] |
12:41[198 340 27.1] B 150 n = - o~ [l H
12:42]198 340 27.3‘ .9 -
12.43[198 330] 272 4.6 100 == L
12:44[158 340 27, 7.0 &
Landing 12:45)198 340 27. 18.2) 50
12:46]198 540) 27.3) 6.3)
12:47]198 340 272] 71 00
EIOD 12:48] 198 540] 57,01 741 nis 11:30 "es 1200 1215 120 1245
23.18 438,00 33.00
{13 x 31)
l 13 u 15 16
I II ll II

(3 « 3)
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Biographical Information regarding Principal Investigator

Richard B. Fox
Senior Engineer
AlliedSignal Aerospace Company
AlliedSignal Engine Division
Materials Engineering Laboratory
1. Basic Data
Name: Richard Fox
Employer : AlliedSignal Aerospace
Business Address:  P.O. Box 52181
Phoenix, AZ 85072-2181
Mail Stop 46-00/302-101
Telephone: (602) 231-2076 Desk
(602) 980-1388 Cellular
Fax: (602) 231-1142
E-Mail richard.fox@alliedsignal.com
Date Bio Prepared:  October 28, 1997
2, Educational Record (begin with High School)
Years Date of
Institution Course Completed  Graduation Degree
Washington High Sciences 4 May 1974  Diploma
Glendale Community College Chemistry, Physics May 1997 AA
Biology, Mathematics 2 Liberal Arts
Arizona State University Zoology, Chemistry 2 May 1978 BS
Zoology
3. Professional Experience
From_to Employer Title Duties
12-96 Pres AlliedSignal Engineer III Air quality and Emissions
measurement team leader
5-90 12-96 AlliedSignal Engineer T1 Air quality and Emissions
measurement team leader
7-88 5-90 AlliedSignal Engineer 1 Chemistry analysis, air quality
and emissions measurement
4-86 7-88 AlliedSignal Engineering Assoc.  Chemistry analysis, air quality

4-85 4-86 RossLaboratory Div Lab Technician
of Abbott Pharmaceutical

and emissions measurement

21-9910
-1

Assist in new plant startup
and chemical analysis


mailto:richard.fox@alliedsignal.com

3. Professional Experience, continued

From_to Employer Title Duties
1-79 10-83 Phelps Dodge Corp. Senior Chemist Analytical group leader
&8-84 4-85 Laboratory budgeting
10-83 8-84 Phelps Dodge Corp. Assistant Shift Coordinate smelter operations

Foreman 1o maximize production

without violating air quality
standards

4. Memberships and activities in Societies
Society Grade Committee Year Position

American Society of Heating ,Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE)
Associate ASHRAE Aviation 1997 Co- Chairman of

Member Subcommittee Research
Subcommittee
SPC161 1996 Standard for air

quality in commercial
aircraft- represent

aircraft engine
manufacturers
Society of Automotive Engineers (SAE)

Member E-31 Engine 93.97 Main Committee
Emissions Measurement Chairman
1987-present 91-97 Cabin air quality

subcommittee
chairman
Consultant AC-9 Aircraft

Environmental Systems
1990- present
5. Principal Technical Interest Areas

Aircraft cabin air quality, engine exhaust and smoke measurement, smoke plume visibility, engine
lubricant and fuels certification.

6. Honors

Award Organization Date

Premier Achievement Award AlliedSignal 1997

Alpha Epsilon Delta Premedical Honor Society ~ Arizona State University1977-1978

Deans List Glendale Community College 1976

National Honor Society Washington High 1973-1974

7. Publications

Sponsor of the following Aerospace Standards

SAE ARP4418 Measurement of Air Quality in Aircraft Cabins 1995

SAE ARP1533C Calculation of Emission Indices from Aircraft Emissions 1995

SAE ARP 1179C Smoke Emission Measurement Procedures 1997
21-9910
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Documents in Process
SAE AIR 4476 Aircraft Cabin Air Quality 1990-1997
ASHRAE SPC161  Standard for Air Quality in Commercial Aircraft 1996-1997

8. Patents
U.S. and Foreign Patents pending on Bleed Air Contamination Monitor.

9. Projects

Technical Liaison and Project Monitoring subcommittee chairman for ASHRAE Research Project
959. Determine Aircraft Supply System Contaminants for Aircraft of Varying age and Types.
Project goes out for bids on November 11, 1997. Research to be completed within one year.

AlliedSignal project to identify thermal decomposition products of fluids used on board aircraft
when exposed to hot bleed air temperatures. Project completion , January 1998,

10. Certifications

EPA Sections 608 and 609 Universal ground equipment and transportation certification for freon
recovery from air-conditioning systems.
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1. Don Love- Technical Director Australia Aero International (Regional) AI(R)

2. Peter Gibbs- Fleet Technical Officer Ansett Australia

3. Kevin Currie- Occupational Risk Manager Ansett Australia

4. Karen Skehan- Purser Ansett Australia

5. Judy Schache- Purser Ansett Australia

6. Dr. David Lewis- Medical Director Ansett Australia

7. Dr. Kevin Sleigh- Medical Doctor Ansett Australia

8. George Lee- Chemist, Occupational Hygiene Queensland Health Scientific Services

In addition, the following contributions were made:

Ansett Australia- provided flight crews and mechanics and aircraft to expedite setup and flight
testing during both non revenue and revenue flights.

AlliedSignal Aerospace- provided air quality testing equipment and manpower as well as funding
for laboratory analysis of samples.

AI(R)- provided manpower and funding for laboratory analyses

ASDOR FILTERS- provided a new set of cabin and cockpit filters to allow testing of both new
and high time filters.
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Mobil Oil Australia Limited uexoeosz s

Pegasus Centre, Cnr Millers & Kororoit Creek Rds, Altona Victoria 3018

FAX TRANSMISSION MOA/MONZ SHARED SERVICES
ENVIRONMENT, HEALTH & SAFETY
To Dr Dai Lewis - Medical Director No.Of Pages: * [
Ansett Australia . f}“‘:'“dé"g "‘t‘s page) "
) you do not receive all pages
Fax: 9623 3093 please call 61 3 9286 5405
or fax 61 3 9286 5461
cc
From Martin Webb - EH&S Manager Date:  23/05/97
Dai,

Attached are MSDB's for Mobil Jet Oil !l and Tricresylphosphate as requested.

These were taken from our latest cut of CD-MACSIN so they are the most up to date
versions.

As you are aware, Tricresylphosphate is only present in Mobit Jet Oil Il in low
concentrations. As can be seen on the MSDS for Tricresyiphosphate, the ‘ortho’ isomer
{which is the form for which there are health issues) is present in at levels less than 0 5% in
the Tricresylphosphate. The percentage of Tri-ortho-cresylphosphate in Mobil Jet Oil It is
thereforvery low; most probably less than 0.02%.

1 trust this helps.

e~

Martin

21-9910
Al-1

This message is intended for the addressee. W is confidential and may contain_ tegally privileged information.
Unless you are the addressee, please do not copy the document or any of the information. If you have
received this document in error, please lel us know by telephone.
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Volatile Organic Compounds: Reported Concentrations and Criteria

for Health and Comfort.

Larry C. Holcomb and Joe F. Pedelty, Holcomb Environmental Services, Olivet,
ML

Introduction
Indoor air quality (IAQ) and its potential effect on human health is a topic of
continuing debate, often with divergent definitions of health (Cain et al, 1995;
Lunau, 1993; Samet, 1993). Part of this debate includes questions concerning
which parameters should be used to determine IAQ and at what concentrations
they should be controlled. Along with carbon dioxide (CO;) and respirable
suspended particulates (RSP), volatile organic compounds (VOCs) are
considered by some to be a primary indicator and surrogate for IAQ. The
expected relationship between VOC concentrations and IAQ comes from the
odor and/or in;itancy of the compounds but there are also concerns for adverse
health effects due to exposures to VOCs indoors (Meggs, 1993). A significant
amount of effort is now being put forth to monitor VOC emissions from various
products and to monitor VOCs in indoor air. Much of this effort appears to
move forward without knowing at what concentrations one would expect to

encounter adverse impacts.

21-9910
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Measurement of VOCs

There are currently several different sampling/analytical methods for measuring
VOCs in indoor environments. Sampling can be active, mechanically collecting a
known volume of air, or passive, allowing the sample to diffuse onto a
collecting media. Samples can be taken via canister or various sampling media
(e.g., charcoal, Tenax) (Wolkoff, 1995). Sampling strategies can include either
area or personal samples. Personal samples generally produce higher reported

concentrations (Wallace et al., 1991).

VOC concentrations can be reported individually for detected compounds or
reported as total VOC (TVOC). TVOC can be calculated by adding the
concentrations of individual VOC or simply calculated from the total detector
response created by the sample. There are also continual sampling methods
where air is pulled through a flame ionization detector (FID), photoionization
detector (PID) or photoacoustic infrared (IR) detector and the results given as

TVOC (Hsdgson, 1995) o

Each variable in the sampling and analysis protocol can result in differences in
both the compounds which are detected and the concentration which is
determined. TVOC results, in particular, can vary significantly depending on
how they a;e sanfpled,z éu;al;y.zed and totaled ('Hodgson, 1995). At present, there
are no standardized methods for the determination of VOCs or TVOC in indoor

air. The results reported will depend on, and vary with the methods chosen.
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'Concentrations of VOC in Indoor Environments

There have been three recent reviews of VOCs in indoor environments (Brown
et al, 1994; Holcomb, 1993; Holcomb and Seabrook, 1995). Holcomb (1993)
reported an average concentration of TVOC for North America in public places
of 315.1 pg/m?3 with a range of 17.85 - 1,627 ug/m?3. Brown et al. (1994) reviewed
VOC data worldwide and reported a geometric mean TVOC concentration of
180 pg/m?® and an arithmetic mean of 1,808 pg/m? in established offices (no
range reported). Brown et al. (1994) also report individual VOC concentrations
for four VOC. These are summarized in Table 1. Holcomb and Seabrook (1995)
report individual VOC concentration which are summarized in Table 2. In
general, average concentrations of individual VOC tend to be below 50 pg/m?

and are generally <10 ug/m?.

VOC Exposure Standards

At present, the‘ only exposure standards, or criteria, for VOC are occupational
exposure standards such a;s the 'I"hresholé Limit Values (T LV) set by the
American Conference of Governmental Industrial Hygienists (ACGIH) or the
Permissible Exposure Limits (PEL) set by the Occupational Safety and Health
Administration (OSHA). These exposure standards are designed to protect
workers from adverse health effects for typical occupational exposure durations
(e.g.. 5 days/week and 8 hrs/day). The ACGIH TLVs and OSHA PELs for

individual VOCs generally fall into the 1- 100 ppm (3 - 3,000 mg/m?) range

219910
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(ACGIH], 1993; OSHA, 1993). These concentrations are approximately three to
five orders of magnitude higher than those found in commercial and residential

environments.

Some proposed criteria for VOC and TVOC in non-industrial environments are
much lower than occupational exposure standards and tend to rely on TVOC as
a surrogate for VOC exposures. This will lead to certain inherent inaccuracies.
TVOC is a mixture of many individual VOCs, each with its own odor threshold,
irritation threshold and toxicity. As sources vary, TVOCs can also vary widely
in their constituents, both between buildings and within buildings over time.
Using TVOC as a surrogate for IAQ may not adequately reflect the potential for

adverse effects or SBS type symptoms.

Some of the proposed criteria include:

Molhave (1991a) - TVOC

<200 pg/m3 tquort Rang_é
200 - 3,000 Irritation and discomfort if other factors exist
3,000 - 25,000 Discomfort Range
>25,000 Toxic Range (headaches, neurotoxic effects
possible)

In another paper, Molhave (1991b) suggests a tentative guideline of 3,000 pg/m?

for TVOCs in indoor air

21-9910
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Seifert (1990) - TVOC 300 pg/m?

Guidelines for individual classes of compounds are as follows:

Alkanes - 100 pg/m3®  Esters - 20

Aromatics - 50 Carbonyles - 20 (excluding
formaldehyde)

Terpenes - 50 Other - 50

Halocarbons - 30

No individual compound should exceed 50% of its class’” guideline.
Gammage et al. (1989) - 5,000 ug/m3 TVOC
Holcomb (1993) - 3,000 pg/m3 TVOC.

ASHRAE Standard 62-1989 relies largely on recognized cognizant
aﬁthorit}.e-s. for-re-gc;r;; 'r-r.lended indoor air quality level-s. That;tandard does not
have guideline levels for TVOC because there are no such standards in existence.
However, the Std. 62-1989 draft revision has come out with guidelines for TVOC
as follows: <300 pg/m?- Complaints unlikely

300 - 3,000 ug/m3 - Complaints .possi})le

> 3,000 pg/m?3 - Complaints likely

21-9910
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Without recognition by a cognizant authority for a concentration level or a

measurement method for TVOC, the Std. 62-1989 revision committee appears to

no longer be following policy procedures of the past, but rather is adopting new
. policy without the rationale of a recognized cognizant authority that has gone

through a rigorous rule making process.

VOC and SBS

Exposure to VOCs can cause a wide variety of adverse effects including
neurotoxicity, hepatotoxicity, nephrotoxicity and carcinogenicity (Molhave and
Nielsen, 1992; Feron et al, 1992). However, these effects occur at high exposure
levels, generally several orders of magnitude above those found in indoor
environments. Exposures to VOC at concentrations closer to those found in
indoor environments involves stimulation of odor, taste and irritation

perceptions (Molhave and Nielsen, 1992; WHO, 1989).

Odor thresholds for VOCs range over several c;rders of magnitude (e.g., approx.
0.1-1,000 mg/m3). Reported odor thresholds for a single VOC can vary by over
two orders of magnitude depending on the studies reviewed (AIHA, 1993;
USEPA, 1992). It is not known how the presence of several VOC at relatively

low concentrations (10 - 100 pg/m?3) may affect their odor thresholds.
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Irritation is believed to be caused by stimulation of the trigeminal nerve.
Experiments using rats have found thresholds of stimulation that range from 3 -
3,000 ppm for 31 different organic compounds (Silver, 1992). Irritation
thresholds for various VOCs in humans, determined in anosmic (lacking a sense
of smell) subjects, fall in the same general range (Cometto-Muniz and Cain,

1994).

The American Society for Testing and Materials (ASTM) has developed a test
method which quantifies the irritant potency of an air sample using the
depression of respiratory rates in mice (Anderson, 1992). Schaper (1993) has
published the results of a series of tests which show a good correlation between
the irritancy of a chemical as measured by mouse respiratory depression (RD50,
50% depression of respiratory rate) and the TLV for that chemical (TLV = 0.03 X
RD50; 12 = 0.78). These are relatively high concentrations when compared to

concentrations found indoors.

Trigeminal nerve stimulation can result in several different reflexes including
decreased respiratory rate, increased nasal secretions, increased nasal airflow
resistance and sneezing (Silver, 1992). Falk etal. (1993) have demonstrated
increased nasal mucosa swelling in subjects with a history of nasal distress who
were exposed to formaldehyde concentrations of 0.073 and 0.174 mg/m?. While
there can be measurable changes in response to exposures, it is important to

differentiate between an adaptive response and an adverse effect. All organisms

g
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have the ability to produce physiological responses to changes in their
environments. Itis often these responses which prevent the exposure from
producing an adverse effect. They should not necessarily be considered an

adverse effect in and of themselves.

Symptoms generally associated with poor IAQ or sick building syndrome (SBS)
include eye, nose or throat irritation, headache and lethargy (Mendell, 1993;
Sundell, 1994). These are symptoms that can be associated with exposure to
VOCs. However, symptom prevalence is not consistently associated with TVOC
concentrations across studies (Mendell, 1993; Sundell, 1994; Wolkoff, 1995), and
thresholds for VOC effects are in the mg/m? range rather than the pg/m?

concentrations found in indoor environments (Holcomb and Pedelty, 1995).

Problems with attempting to study a possible link between SBS symptoms and
TVOC/VOC come from several sources. 1) TVOC is a mixture of many
individual VOCs, each of which has its own odor and irritation threshold. 2)
The effects of mixtures of VOC, or VOC and other substances (e.g., 0zone) is not
well understood. 3) SBS is a multifactoral syndrome of which VOCs may or may
not play a part in any given instance. 4) VOC concentrations and SBS symptoms
both vary with time. Study parameters may not accurately reflect this. 5) Since

thresholds for VOC effects occur at concentrations higher than those generally

o 21-9910
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found in indoor environments, studies of problem buildings may not be of those

with high enough VOC concentrations to be causing symptoms.

Conclusions

The relationship between VOC exposure in indoor environments and its
relationship to adverse health effects or SBS type svmptoms continues to be a
matter of debate and study. Methods for sampling, analyzing and reporting
VOC are not standardized and variations in these can lead to significant
differences in reported values. This is especially true of TVOC since a
potentially wide range of individual VOC and concentrations is boiled down to

a single number.

In spite of the lack of standardization for measuring and reporting VOCs, the
concentrations found in most environments are three or more orders of
magnitude below exposure standards which are set on health based criteria and

concentrations known to cause adverse health effects.

While a relationship between higher concentrations of VOC or TVOC indoors
and comfort or SBS type symptoms (e.g., irritation) cannot be discounted, it has
yet to be demonstrated in a rigorous manner. Indoor air criteria for VOCs or

TVOC which are based on comfort run the risk of being overly restrictive.
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In spite of the problems and uncertainties associated with VOCs and TVOC in
indoor environments, their use as a surrogate for IJAQ will likely continue.
Standardizations for their measurement and reporting is needed. Research
designed to determine if there is a threshold to VOC effects in real environments
and what those thresholds may be will help in setting exposure criteria for IAQ
purposes. If the symptoms of concern are acute, it may be better to correlate
symptom prevalence with maximum concentrations rather than average'

concentrations.
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Table 1 - Concentrations of TVOC and VOC in offices as reported by Brown et

al. (1994).

Concentration {(ug/m3)
Compound Arithmetic Mean Geometric Mean
TVOC . 1,080 180
m-methylethylbenzene 30 8
1,2,3-trimethylbenzene 70 9.
chloroform 110 10

h-hexane 66 12

Table 2 - Concentrations of TVOC and VOC in public places as reported by
Holcomb and Seabrook (1995).

Concentration (sg/m?) ACGIH % of
Compound Average Smoking Nonsmoking TLV(ug/m?3) TLV
T™VOC 3151
Benzene 74 79 6.5 32,000 0.023
Trichloroethylene* 25.8 . 319 18.7 269,000 0.010
1,1, 1-trichloroethane* 38.4 27.3 60.4 1,910,000 0.002
Tetrachloroethylene*  55.8* 101.7 264 170,000 0.033
(Without Bayer data) 2.4 2.6 20 0.001
Toluene 40.2 30.5 29.2 180,000 0.022
O-Xylene 103 14.8 5.7 : 434,000 0.002
M, P-Xylene 327 38.0 36.8 434,000 0.007
Ethyl Benzene 7.9 11.3 45 434,000 0.002
P-Dichlorobenzene 1.1 60,000 0.002
Styrene 8.0 213,000 0.004
Undecane 16.2 No TLV
Decane 239 No TLV
Dodecane 83 No TLV
Carbon Tetrachloride 3.2 31,000 0.010
Octane 18.2 1,400,000 0.001
a-Pinene 33 No TLV

* - Compound not believed to be produced by tobacco smoke

** - Value included extremely high data reported by Bayer and Black (1986) that
may not be representative.
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ACTIVATED CARBON ADSORBENCY
OF SELECTED MATERIALS & ODORS
(CONTINUED)

Some of the contamimants fsted in the table
are specific compounds, some represent
classes of ccmpounds, and others are mix-
tures and of variable composition. Activated
chsrcoal's capacity for oders varies scmewhat
with the concentration in air, with humidity, and
temperature, and with the actual velocity used
through the filters. The numbers given repre-
sent typical or average conditions and might
vary in specific instancas. The values in the

- table have been assembled from many
scurces including laboratory tests and field
experienca. In cases where numericzal values
were nat aveilatie, the author hes listed his
opinion of the probable capacity based on
general experience. This table should be used
as a general rule only.

The capecity index has the feliowing meaning:

4 High capacity for all materials in this cat-
egory. Cne pound takes up about 20% to
50% of its own weight-average about 1/3
(33-1/39%%). This category includes most of
the ocer causing substances.

3 Satistactory capacity for all itemns in this
category. These constitute good applica-
tions but the capacity is not as high as for
category 4. Adsorbs about 10 to 25% of its
weight-average about 1/16 (15.7%).

2 Includes substances which are not highly
adsorbed but which might be takenup |
sufficiently to give good service under the
particular conditions of operation, These
require individual checking.

1 Adsorption capacity is low for these materi:
als. Activated charcoe! cannot be satisiacto-
rilty used to remove them under ordinary
circumstiances.

* Straight activated charcoal does not have
much capacity for such reactive gases, such
as ammonia, formaldehyde, etc. In some
cases where the gas is chemically reactive,
appropriate impregnated activated charcoal
can be recommended. Those odorants markec
above with an asterisk fall into this category.

P.C. Box 519 « Royse City, Texas 75189-0519 - 214-635-9565 - FAX: 214-635-7972
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DUST FREE NI

Technical Bulletin

DF-250
March 1983 Granulated Adsorbent-Activated Carbon
ACTIVATED CARBON ADSORBENCY
OF SELECTED MATERIALS & ODORS
* Acetaldehyde ‘2 Caren disuifice 4 Oimethylsutate a
Acetic Acid 4 * Carben dioxice 1 Dicxane o 4
Acstic Antycride 4 Carbon menexide 1 Diprogyl ketone 4
Acetcne 3 Carben tetrachloride 4 Disinfestants 4
* Acstylene 1 Cellesolve 4 Embzalming cders 4
* Acrciein 3 Callcsolve acetate 4 - Ethane 1
Actylic Acid 4 Charred materials 4 Ether 3
Acrylenitrile 4 Cheese . 4 Ethyl acetate 4
Achesives 4 * Chicsing 3 Ethyt acrylate 4
Air-¥vick 4 Chicrobenzene 4 Ethyl alcohol 4
Alcehclic beverages .4 Chiorobutacene 4 * Ethyl amine 3
* Amines 2 Chioroform ™ - 4 Ethyl tenzene 4
* Ammenia 2 Chilorenitroprepane 4 Ethy! bromice 4
Amyl acetate 4 Chlorepierin 4 . Ethyl chicrice 3
Amyl alechel 4 Cigarette smoke odor 4 Ethyi ethar 3
Acnyl ether 4 Carus and other fuits 4 Etryl formats 3
Animal oders 3 Clezning scompounds | 4 Ethyt mercactan 3
Anesthetics 3 Coal smoke ooor 3 Ethy! silicate 4
Aniline 4 Combustion odors 3 * Ethylene 1
Asghalt fumes 4 Cocking odors 4 Ethylene chlorchydin 4
Autemctila exhaust 3 * Corresive gases 3 Ethylene dichicride 4
Eathrecem smens 4 Cracscte, C. 4 Ethylere oxice 3
Berzena . 4 Cresol 4 Essertial cils 4
* Bleaching soiutions 3 scionadehyde 4 Eucslyptcle 4
Eody cders 4 Cyclchexane 4 Exhaust furnes 3
Borans 3 Cyclohexanol 4 Fertilizer 4
Bromine 4 Cycichexena 4 Film precessing odors 3
Burmned flesh 4 Dead animais 4 Fish ccers 4
Bumed tood 4 Decane 4 Florel scents 4
Burning fat 4 Dacaying sutstances 4 Flucrotichlcrcmethane 3
Butaciens 3 Deoderamts 4 Feed aromas 4
Butane 2 Detergerss 4 * Formzldehyce 2
Sutanone Dibromeethane = 4 = Fermic acid 3
Butyl acetate 4 Dichlorcberzene 4 Fuel gases 2
Butyt aleshial 4 Oichlorodiftuercmethane 4 Fumes 3
Butyl cellcscive 4 Dichloroethane 4 Gangrene 4
Butyt chicride 4 Dichlorosthylene L Carlic 4
Butyt ather 48 Dichioroethylether 4 Gascline 4 .
* Butylens 2 Dichicromonofiuaremethang 3 Hegtane 4
* Butyne 2 Cichiorenroethane 4 Hsprylene 4
* Butyraldehyds 3 Dichiorepropane 4 Hexane 3.
Butyric acid 4 Dichicrotetrafiucroethane ¢ * Hexylene 3
Campher 4 Diesel fumes 4 * Hexyne 3
Cancer odor 4 ¥ Diethylamine 3 Hosgital cders 4
Caprylic gacid 4 Diethy! ketone 4 Houszheld smells 4
Cartantic acid 4 Dimcthyiariling 4 Hycrogen 1

P.0. Box 519 + Royse City, Texas 75189-0519 - 214-635-8555 - FAX: 214-635-7972
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ACTIVATED CARBON ADSORBENCY Cortinued

* Hydrogen beomide
* rycdregen chioride
* Hydregen cyanice
° Hydregen flucide
*® Hycrogen ocide
* Hycrogen selenids
* Rydregen sulfide
Incersa
indole
Incrgaric chemicals
Incompiete combusticn
Industrial wastes
lecine
ldcionmm
lretants
{scpherone
* lscrrens
tscpropyl ether
Karcsene
Kichen odors
Lactc acid
Lingering odors
Liguid fuels
Liquer oders

Lubricating oils and greases

Lyscl
Masking agents
Mecicinal odars
Melors

" Merthot
Marcaptans
Mesityl oxice
Methane
Methyl acetata
Methyl acrylats
Methyl alcchol
Methyl bromide
Methyl tutyl ketone
Methyi cellosoive

Metryl cellosoive acetate

Metnyl chiexide
Methyl chlorotorm
Methyl ether

Methy! ethyl ketene
Methyl formate
Msthyl iscbutyl ketone
Mettyl marcagtan
Methylcycichexane
Mathyleyclehexanol
Methylcyciohaxanone
Msthylene chicride
Milcew

Mixed cdors

Meld
Menechicroberzens

Menofiterctrichioromethane

Mesth alls

3
2
3
2
3
2
3
4
4
3
3
3
4
4
4
4
3
4
4
4
4
4
4
4
4
4
4
4
4
4
a4
4
1

3
4
3

1
4
4
4
3
4
3
4
3
4
4
4
a4
4
&
3
4
3
4
4
4

4

Nagitha (coal tx)
Naphtha {petrcigur)
Naphthadene
Nicctine

Nitic acid

Nito berzenes’
Nitrcethana
Nitrogen csoxide
Nitroglycsrine
Nitromedhane
Nitroprecars
Nitrotolvens
Nenane

Noxious geses
Ccialene

Octane

Odorarts

Qnicrs -

Organic chemicals
Qzore

Pecking house odors

Paint and redecomting odors

Pamitic acd

Peper cexericraticns
Paradichicroberzong
Pzsia and glus :
Perzare

Pemarcne
Pertylens

Pertyne
Perchicroethylene
Perfumes, ccametics
Perspirztions
Persistert odars

Pet odors

Phencl

Fhesgere

Piteh

Flastics

Pcisen geses

Pollen

Popeorn and candy
Peultry odors
Progane
Pregicnaldshyde
Propicric acd
Progyl acetate
Frogyl alcohd
Fropyl chicride
Propyl ether

Propyl mescspan

* Prepylene

Prooyne

Putretying substance
Putrescine

Pyricire

Radiaticn products

21-9910
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Rancid oils

Resins
Recderarts
Ripening iruit
Rutter
Saverkraut

Sewer cders
Skatcie
Sisugtrering odors
Smoeg

Smoke

Scivents

Scur milks

Sgillad beverages
Spoiled focd siuffs
Stale cders
Stoddard scivent
Stufiness

Styrene moncrmer
Suiturie acid
Sulphur dioxide
Sulphur trioxids
Tar

Tarnishing gases
Tetrachlorcethene
Tetrachicrostiylenae
Treatrical makeup odor
Tobacco smeke oder
Tcilet odors
Tolvene .
Toluicine
Trichicrosthylene
Trichioroethane
Turpentine

Urea

Uric acid

Valeric acid
Valericzidenyde
Vinegas

Viryl ehlorice
Volztle materials
Waste products
Wood alcehicl
Xylene
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SUBMISSION TO THE SENATE REFERENCES COMMITTEE
RURAL AND REGIONAL AFFAIRS AND TRANSPORT

ON THE INQUIRY INTO

AIR SAFETY - BAE 146
CABIN AIR QUALITY

SUBMISSION NUMBER 11B

British Aerospace Australia Limited

Mr Bruce Jones

Senior Vice President Australasian Support
PO Box 312
BOTANY NSW 1455

Phone: «WorkPhoney
Fax: «Fax»
Email: «Email»




BRITISH AEROSPACE A\‘.‘,A British Aerospace Australia Limited

N o Regional Aircraft
Australia L1, 28 Lord Street
Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +61 2 9666 8065

26 October 1999 y

The Secretary

Rural and Regional Affairs and Transport References Committee
Parliament House

Canberra ACT 2600

Dear Sir,

In my letter of 3" September1999, enclosing British Aerospace’s submission to the
Australian Government Senate Inquiry into Airspace 2000, I reserved British
Aerospace’s right to make further submissions on the BASI Occurrence Brief to an in-
flight cabin air quality incident on an Australian registered BAe 146.

I now enclose British Aerospace’s initial response to BASI Occurrence Brief 199702276
and would be grateful if you could distribute it to the Senate Committee Inquiry
members. Please note that British Aerospace continues to reserve it’s right to make
further supplementary submissions to the Senate Committee Inquiry as appropriate on
any of the issues the Committee is considering in relation to the BAe 146 aircraft.

British Aerospace looks forward to contributing to the Senate Committee Inquiry and
assisting the Committee in addressing any issues relating to the BAe 146 aircraft.

Bruce Jones
Senior Vice President
Australasian Support

A Bntish Aerospace Company
Bntish Aeraspace Austraka Limited
ACN 008 423 005



BRITISH AEROSPACE 4.
Regional Aircraft .

26" October 1999

British Aerospace Supplementary Submission
To
The Senate Rural and Regional Affairs and
Transport References Committee

RESPONSE TO THE BASI OCCURRENCE BRIEF 199702276

BRITISH AEROSPACE Plc: BAe 146-300: 10 JULY 1997

Introduction

This submission is supplementary to the briefing paper lodged by British Aerospace on 3
September 1999 in connection with the Senate Committee Inquiry. That initial briefing
paper referred to the BASI investigation into the above incident and explained that, until the
BASI Occurrence Brief had been officially released, British Aerospace was unable to
respond publicly. The Occurrence Brief was released on 6 September 1999 and British
Aerospace now sets out below its preliminary comments on that document, pending the
outcome of further enquires with NJS.

Summary

U British Aerospace disagrees with the conclusions of the Occurrence Brief. In
particular, its Safety Recommendations fail to take account of the modifications
introduced both by BAe and the engine and APU manufacturers since the early
1990’s specifically designed to address the issue of possible contamination of the
cabin air supply.

° On the basis of the circumstances described in the Occurrence Brief, this incident
would not have occurred had the procedures set out in BAe’s Master Minimum
Equipment List ("MMEL") been applied to the known "defect” in the aircraft’s bleed
air system.

° The Occurrence Brief refers to anecdotal reports of "health problems” suffered by
flight and cabin crew of various Australian operators. As indicated in its initial
briefing paper, however, British Aerospace believes that recent complaints regarding
cabin air quality on BAe 146 aircraft have largely no connection with the subject
incident.

. British Aerospace has expressed its disappointment to BAST regarding the
procedures followed in the preparation of the Occurrence Brief and in particular the
level of consultation afforded to it.

Submission 26-10-99
Page 1 of 2 915548



The Incident

. According to the Occurrence Brief, the cause of the incident was oil contamination
of the cabin air supply due to a leaking oil seal.

. The problem with the leaking oil seal was first noted by the operator on 17 June
1997, some 23 days before the incident.

. Had the corresponding engine bleed air system been treated as inoperative, the

provision of the MMEL would have required it to be isolated and placarded
(highlighted extracts from the MMEL are attached). Application of these procedures
would have avoided any contamination of the air supply. The Occurrence Brief
makes no reference to this.

U Once the contaminated air supply was isolated, the remaining sectors were flown
without incident.
. British Aerospace is liaising with NJS to obtain further details of this incident not

included in the BASI report in order to ascertain whether there are any maintenance
or operational considerations arising out of this incident which need to be addressed.

General Cabin Air Issues

° British Aerospace accepts that from time to time oil may leak into the cabin air
system. However, between 1991 and 1992, when it became evident that this was an
issue, British Aerospace in conjunction with AlliedSignal developed modifications to
reduce the frequency of such leaks (see section 5 of British Aerospace’s initial
briefing paper).

. As part of the modifications an air filtration system was offered to the operators as a
customer option. The Occurrence Brief makes no mention of whether air filters or
other modifications had been installed on the aircraft in question.

. The Occurrence Brief also refers to anecdotal reports of health problems alleged to
have been suffered by flight and cabin crew of various Australian operators and
suggests that there is a link between these and the incident under investigation. While
the nature of the Occurrence Brief makes it impossible for British Aerospace to
comment on or assess the details of any of these further incidents, it is British
Aerospace’s view that recent complaints regarding cabin air quality have largely
arisen from circumstances unconnected to oil contamination and are therefore not
relevant to the incident investigated by BASI. British Aerospace has in any event
recently been working with Ansett to introduce a package of enhancements to
improve the BAe 146 cabin environment (see section 6 of British Aerospace’s initial
briefing paper), none of which are mentioned in the Occurrence Brief.

. In 1998 CASA conducted a review of the BAe 146 air conditioning system’s
compliance with certification standards relating to cabin air quality and is understood
to have been satisfied with the results. This also is not mentioned in the Occurrence
Brief.

Conclusion

. For the reasons set out above, British Aerospace disagrees with the conclusions of
the Occurrence Brief and the Safety recommendations made therein. It believes that
the Occurrence Brief should in particular have addressed the issues of maintenance
actions and operational procedures applicable to the incident.

Submission 26-10-99
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BRITISH AEROSPACE &, Facsimile

Australia

REGIONAL AIRCRAFT

PRIORITY

To John O'Keefe From Bruce Jones

Department  Senior Research Officer Department  Ausiralasian Support

Company Senate Committee Tel. +61-2-9666 8200
Parliament House

Fax. 0262775811 Fax. +61-2-9666 8065

Date 28 October, 1999 Ref. bj/28-1091

No.ofPages 3 Emaii bkiones@baea.com.au

Subject British Aerospace Supplementary Submission October 26th 1989

Dear John,

As discussed during our brief telephone conversation this morning | request that the

attached 2-
Octobar 26!

age document be included with our Supplementary Submission dated
1999,

Senior Vice President
Australasian Support

This Facsimile may contain privileged and confidential inforrnation. if you are not the intended recipient, be advised that you
must not use, reproduce, disseminate, distribute or otherwise use this dosument. If you have received this document in error,
then please notify the sender by telephone or facsimile,

British Aerospace Australla Telophone +81+(0)2-9666 8200

Rsgional Aircraft.

Facsimlle +81-(0)-2-9666 8065

PO Box 312 Botany, NSW, Austratia,
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BRITISH AEROSLPACE ,\“‘,‘ British Aerospace Australia Limited

u Regional Aircraft

Australia L1, 2B Lord Street
Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +61 2 9666 8065

28" October 1999

The Secretary

Rural and Regional Affairs and Transport Committee
Parliament House

Canberra ACT 2600

Dear Sir,

With my letter of October 26" 1999 | provided a supplementary submission
containing the British Aerospace response to the BASI Occurrence Brief 199702276.
Within the submission there is reference to the Master Minimum Equipment List
(MMEL) and the statement that “highlighted extracts from the MMEL are attached”.
The referenced extracts were inadvertently omitted from the supplementary
submission when it was sent to you. | have attached the document (2 pages) for
submission to the Committee and ask that you attach them to our earlier
supplementary submission dated October 26™ 1999,

Thank you for your assistance in this matter.

Yours sincerely

B.K. Jones
Senior Vice President
Australasian Support

A Bntish Aerospace Company
Bntish Aeraspace Australia Limited
ACN 008 423 005
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CAA Approved
MASTER MINTMUM EQUIPMENT LIST

DEFINITIONS

1. In this list, the items of equipment are classified in systems according |
to the ATA specification, Individuml items within a given ATA |
¢lasgification are numbered sequentinlly. |

2. "Item" (Column 1): The equipment, system, coumponents or function as listed |
in Column 1. |

NOTE: Items annotated in UPPER CASE letrvers indicates the precise £light
deck legend used. |

3. "Number Ingtalled” (Column 2): The number of the syecified items normally
installed in the aircrxaft. This number identifies the aireraft
configuration congidered in developing the MMEL.

NOTE: The operator’s MEL should list the number installed in a particular
4, "Number Required £or Despatch" (Column 3): The minimum number of the

gspecified items reguived for operation provided the conditions defined in
Column 4 are met.

5. PMRemarks or Exceptions® (Colutm 4): This colummn includes a statement |
prohibiting operation or permitting operation wvith a specific number of
items inoperative, provises (conditions and limitations) for such operation
and appropriate notes.

6. Dash (-): This symbol indicates a variable quantity vhen ugsed in Columns 2
or 3.

NOTE: The operator’s MEL should list the numbers appropriate to his
particular aireraft in Columns 2 and 3.

7. "Placarding"
Each inoperative item must be placarded to inform and remind the crevw
members and maintenance personnel of the equipment condition. To the
extent practicable, placards should be located adjacent to the control or
indicator for the item affected such that it is clear to the operating crew
that it or its associated system is inoperative.

NOTE: The ptactice of gpecifying which ftems must be placaxded, by means
of an asterisk (*), has been discontinued.

8. MInoperative”: A system or item of equipment is deemed inoperative if it

functions such that it does not accomplish its intended purpoese and/or

is not consistently funerioning within its designed operating limit(s) or
tolerance(s).

9. "(0)": The use of this symbol in Column 4 indicates rhat an appropriate |
operating procedure (or change to an existing procedure) must be
established, published and utilised to maintain the required level of
safety while operating under the terms of the (M)MEL.

Normally, these procedures are accomplished by the flight crew. FHowever,
§ther personriel may be qualified and authorised to perform certain
unctions.

Revision 13: January 1957 0
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22-0CT~1999 17:12 FROM BARA LEGAL DEPT. TO S@@61296668865 P, 8e/86

1. SYSTEM & SEQUENCE
NUMBERS

ITEM

36 PNEUHATIC

-00-1 Engine Bleed
Air Systems

-~10-1 APU Air Valve
(If Installed)

-20-1 ENG AIR FAULT
Lights

~-20-2 ENG AXIR VALVE
Lights

[ Z. RUMBER INSTALLED

BAe 146 Series/AVRO 146-RJ Series
CAA Approved
MASTER MININU¥ EQUIPMENT LIST

3. NUMBER REQUIRED FOR DESPATCH

4. RBMARKS OR EXCEPTIONS

4 | 3| (0)0One may be inoperative provided:

a) Associated isolation valve is closed, and

b) The alrcraft is not despatched inte knovn
or forecast icing conditions.

1] 0| (M)(0)May be imoperative provided the valve
{s secured closed and the APU AIR switch
remaine OFF. The APU may be used for
electrical pover.

4| 3| (4)(0)One may be inoperative provided:

a) The assoclated pressure reducing valve/
isolation vslve is in the closed position,

b) The remaining three systems are fully
operative, and

&) The aircraft is not degpatched into knovn
or forecast icing cendirtionms.

4| 3] (M)(0)0ne may be inoperative provided:

a) The associated pressure reducing valve/
{s0lation valve is in the closed position,

b) The remaining three systems are fully
operative, and

c) The aivcraft is not despatched into known
or forecast ilcing conditions. ;
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British Aerospace Australia Limited

Regional Aircraft
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Australia L1, 28 Lord Street
. Botany, NSW 2019
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Croeltecs, S U PO Box 312, Botany
10 DEC 1099 NSW 1455
Soriz Burs) ang b lephone +61 2 9666 8200
B s.cnal Af R Telephone
Tr:,’jm’é"ﬁ;ﬁtg .:/é/ Facsimile +61 2 9666 8065
P «%7‘. - '4“ ’ th
e 7 97 December 1999
Mr Andrew Snedden I
The Secretary

Rural and Regional Affairs and Transport References Committee
Parliament House
Canberra ACT 2600

Dear Mr Snedden,

| write to deal with two points outstanding from BAe's evidence to the Senate Committee on 2
November and a third issue of clarification which John Q’Keefe raised with me when we
spoke on 3 December.

1

We agreed at the hearing to provide copies of our correspondence with BAS)
concerning their report into the NJS incident in July 1997. Please find these attached.

We were asked in evidence whether we knew anything about an English
parliamentary investigation into the issue of cabin air. We have since made enquiries
and confirmed that, so far as we can ascertain, no such investigation is in progress
nor are there any current plans for one.

When | spoke to John on 3 December, he asked me to clarify the “issue” to which Bill
Black was referring in the third paragraph on page 90 of the transcript. | am sorry if
there was any ambiguity. The point that Mr Black was seeking to make was simply
that, given the evidence of symptoms said to have been suffered worldwide by crew
of a range of aircraft types (not just the BAe 146), it is difficult to deny the existence
worldwide of some form of general health issue. For completeness, however, | should
also add the following.

As BAe neither employs nor has been party to an examination of any of the persons
concerned, we obviously cannot comment on the precise clinical nature or cause of
any individual's symptoms.

None of the test results or other data gathered to date has (to BAe's knowledge)
produced any evidence of a connection between any such general health issue and
the BAe 146 (or indeed the aircraft industry generally).

We nevertheless acknowledge that the general health issue to which Mr Black
referred would benefit from further research.

I hope that the above has clarified the position.

Bruce Jones
Senior Vice President
Australasian Support

A Brtish Aeraspace Company
Bihsh Aerospace Australa Limited
ACN 008 423 005



BRITISH AEROSPACE _4!_»,‘

Reglonal Alrcraft

Australia - L1, 2B Lord Street

Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +612 9666 8065

IN STRICT CONFIDENCE

: 22nd July 1999
Mr Barry Sargeant

Deputy Director

Bureau of Air Safety Investigation
PO Box 967

Civic Square

ACT 2608

Dear Mr Sargeant,

Subiject: Qccurrence Report 199702276 (Your Ref: BO/9702276)

I am in receipt of your letter dated July 2™ in which you seek comments on the content and
findings of the draft Occurrence Report 199702276 concerning an incident involving BAe146-
300 VH-NJF on 10 July 1997. British Aerospace Regional Aircraft have reviewed the
Occurrence Report and consider that significant changes are necessary to ensure that it fully
reflects actions taken before, during and following the incident to ensure that all aspects of the
occurrence are fully addressed.

We note that very little information on the occurrence has been provided and the Report tends
to digress into broader issues that are not related to this particular incident. British Aerospace
believes the Report should focus on the incident to determine whether any particular
corrective action is required pertinent to the particular circumstances of the event.

In addition to seeking amendments to the Report British Aerospace Regional Aircraft also
request a meeting with BASI to establish what further assistance we can provide in
preparation of the report and the investigation.

In response to the draft Occurrence Report | have detailed below British Aerospace Regional
Aircraft comments and where appropriate, operational documents are attached for reference
purposes.

1. Flight Crew procedures

1.1 The BAe Flight Manual Emergency Procedures provide instructions for oxygen masks
to be donned and then the contaminated air supply to be identified and isolated. The
specific extracts from the Flight Manual are attached for reference. The Occurrence
Report makes no reference to the compliance or non-compliance to emergency
procedures in this particular incident - we request clarification.

1.2 The Occurrence Report provides no reason or rationale as to why the crew elected to
carry on flying following the incident and provides no indication of what medical
attention was sought or received by the crew. We request clarification and consider
that this information is a necessary inclusion to the Report.

A British Aerospace Company
British Aerospace Australia limited
ACN 008 423 005

British Aerospace Australia Limited
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2. Maintenance Practices

21 The Report does not address the maintenance actions undertaken prior to, or
immediately following, the incident. We understand that a report was found indicating
that there had been possible oil contamination three weeks earlier and that the
aircraft was cleared for continued flight. We assume this was through implementing
the MEL., which provides continued operation for a 10-day period. A copy of the MEL
extract is attached for reference and the maintenance actions need to be included in
the Report.

22 While operating with a MEL item the defective air supply should be correctly labelled
so that it is not used and the operating crew made aware of the MEL item prior to the
flight. The Report needs to make reference to these important procedures.

2.3 The Report makes no reference to the maintenance investigation and findings
following the incident. If the oil contamination reported three weeks earlier was the
cause of the odour then the resulting maintenance actions are pertinent to the Report.
If maintenance actions identified a different source of contamination then this should
be referenced in the Report.

24 British Aerospace Regional Aircraft believe that the existing recommended
procedures to deal with such an incident are satisfactory.

3 The Design

3.1 While the Report infers that there is a “problem” with the BAe146 design there is no
specific supporting information or evidence provided to allow us to respond. Type
approval for the BAe146 was obtained from the UK Civil Aviation Authority in 1984
and in excess of 350 of the type are in service throughout the world. No fatalities
have occurred due to any technical failure in more than 4.5 million hours of operation.
Australian certification was granted following a detailed technical review of the
Airworthiness Requirements and the design of the aircraft. There were no additional
requirements or modifications required for the air conditioning system and both Ansett
and the Australian Department of Aviation accepted compliance concurring with both
the CAA and FAA. If BASI have concerns over the design then we require specific
information to enable British Aerospace to respond and unless such information is
available, we consider that the inferences are inappropriate and should be removed
from the Report.

3.2 Certain failures within the engine bearings and the oil system can produce the
contamination described in the Report. As you may be aware, British Aerospace
Regional Aircraft and Allied Signal, under their own initiative, have developed

| modifications to reduce the frequency of those failures. The Report makes no
‘ reference o these modifications and whether the aircraft concerned in the incident
had the modifications embodied. We suggest you investigate whether there is a
modification available relevant to the part that failed and whether it has been
introduced to this aircraft, Without this information we are unable to identify the failure
or recommend rectification actions. Please note that no Airworthiness Authority has
mandated these modifications.

4, General Issues

4.1 The Report makes several references to alleged medical conditions suffered by
BAe146 crew. We strongly believe that the report should refer to investigations
carried out to check the veracity of the information provided to BASI. We wouid be
concerned if BASI is basing an important part of its report on the comments of crew
who failed to follow correct reporting procedures. You will obviously appreciate that
such failure denies all interested parties the opportunity to fully investigate these
issues.



3

4.2 The Report also makes reference to possibie causes of odours and, due to fack of
supporting information, we cannot understand your basis for making these
statements. Without the information such as maintenance actions/findings and the
modification standard of the aircraft we consider it inappropriate to make assumptions
on the cause of symptoms.

4.3 British Aerospace Regional Aircraft also has concerns over other statements within
the report and requests responses to our questions below so that we can fully
respond to the Report:

+ The Report makes several references to the disproportionate number of complaints
relating to the BAe146. Has there been a widespread survey in respect of many different
types of aircraft to arrive at this conclusion? We would be grateful if you could provide us
with details of this and explain the basis for this statement in the report.

o s there any substantive evidence of the alieged link between the oil leak and the
symptoms experienced by the pilot in command? (Loss of situation awareness compared
to nausea experienced by the supernumerary crew member)

o Inthe last paragraph of the second page of the Report it is stated that * as a result of
information received during the course of the investigation it is apparent that the effects of
cabin air contamination of BAe 146 aircraft range well beyond in-flight incapacitation of
operating crew”. To arrive at such a conclusion we assume that you have carried out a
substantial investigation that you can support with evidence. We suggest that this needs
to be expanded on in the report and be made available to all interested parties.

o ltis apparent from the Report that there are also a considerabie number of industrial
relations issues, which appear to be relevant, and we suggest this area also needs
expanding. For example:

- Why does the Report state that only a small number of cabin air reports are
entered into the log book when this is the responsibility of the crew and the
airline?

- Why are reports made verbally to the Bureau rather than formally?

- Why do employees fear reprisal from their employers for reporting what they
consider flight safety issues?

- Why are incidents that require maintenance action not being reported?

- Why is pack “burn out” still being referred to as it is a practice which is not now
undertaken nor ever recommended as routine maintenance for the control of
cabin air contamination?

- Why is the engine diffuser mod programme not referred to as a corrective action?

- Why are APU seal modifications not referred to as a corrective action?

5. The Recommendations

Regarding the recommendations, British Aerospace Regional Aircraft remain satisfied that the
aircraft complies with the Airworthiness Requirements based on the events that have been
reported to us and the subsequent investigations made by our suppliers and us.

British Aerospace requests a meeting with BASI to discuss the Report and the points raised in
this communication to enable us to respond thoroughiy to the draft Report.

Yours, ithfully
For and o bghalf of
British A ace Regional Aircraft

Brute Jones
Senior Vice President Australasian Support
British Aerospace Australia Regional Aircraft
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Oxygen masks, smoke goggles . . ... . Flight crew don, select mask
,regulator to EM ERGENCY.
Crew communications . .. ...... . . Establish.
ATCTransponder « v« v v v v v v v v v i e e n v et -, . A7700
Air Traffic Control . o . oo oo L. PN -« INFORM
PANEL FLOOD lights « « v v v v v v v . L e Select STORM
Flight Deck Emerglts . . ... ..o v o, ON
GALLEYSWITCH . . . v v vt s i e v e e e SHED (if fitted)
FASTENBELTS . .o h v v v it v et v v e i e ens ON
CABINEMERGLTS. . . ..o v v v i v v PN ON
NOSMKG .. v it vt it et e e el ON
Flightdeckdoor. . .. . . ..o v v i e v i v v Close
NOTE:

1. Land at nearest suitable airfield.

2. If source of fire can be identified, continue _»{)ith appropriate procedure
below or on Cards 4A[48/5A. .

Isolate domestic equipment by selecting GALLEY switch to SHED o f
not fitted by switchin? off or puiling CB in galley or on cabin attendants
panel. Use portable fire extinguisher to fight fires in furnishings or cabin.

- revert to previous air source. .

R Y St

If smoke ocecurs on change aver betwesn Enging Air and APV Al

NOTE: All Engine Air should norrnally be OFF fof take—off ard landing.

if smoke is NOT dispersing: , -
PACKZ . v ittt ee i . OFE

CABINAIR ., ........ e .+ +«us .. FRESH
| After 1 minute is smoke dispersing ?
| — YES —+ Check ENG 3 & 4 & APU
NO . for abnormalities
* .
PACK 2. v it i i e it e e e . ON
] G OFF
| Atter 1 minute is smoke dispersing ?
| YE -+ Check ENG1 &2
NO for abnormalities
h -
PACK 2. i e i i e e e e ... OFF

NOTE: Control of pressurisation not availabls.

Descend as soon as possible to 10 000 ft or minimum safe altitude if
higher.

PRESSURISATION . ......... e e ««. - MAN - OPEN
RAM AIR VALVE(iffited) . ........... ... .. OPEN
NOTE:

1. Do not open flight deck window.
2. Land as soon as possible.

11.25.7 RAn 14R RAAV A



BAe 146 Series/AVRO 146-RJ Series
DESPATCH DRVIATIONS GUIDE -
(For use with CAA approved MMEL)

ATA 36 PNEUMATIC

36-00-1 Engine Bleed Air Systems
MAINTENANCE (M)
Nil.
OPERATIONS (0)
a) Ensure that the airplane is not operated in known or forecast icing
conditions.
b) Ensure that the ENG AIR switch for the inoperative Bleed Air System
remains at OFF throughout the flight.
c) After engine start and prior to take-off, in turn select the ENG
ATIR switch ON then OFF for each operational Bleed Air Systenm.
Betveen each selection of the svwitches confirm that the associated
ENG AIR VALVE annunciator comes on then goes out, indicating that
the isolation valve has opened then closed.
Note: An AIR LO TEMP warning will be given should any airframe
De-icing System be selected ON with an Eng Air valve
inoperative.
36-10-1 APU AIR Valve (If Installed)

MAINTENANCE (M)

a) Ensure valve is closed by selecting the APU AIR switch to OFF and
viewing the 'VLV NOT SHUT' annunciator to ensure that it is
extinguished. The valve is therefore closed.

b) Select the APU AIR switch to OFF and placard the switeh DO NOT
SELECT ON’ (Location overhead panel 211-50-08).

NOTE : Loss of power supply to this valve ensures closure,

OPERATIONS (0)

Ensure the APU AIR svitch is at OFF and remains at OFF throughout the
flight.

Revision 13: January 1997
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Q BRITISH AEROSPACE A\“’,‘ British Aerospace Australia Limited
{}&) - T Regional Aircraft
Australia L1, 28 Lord Street

Botany, NSW 2019

PO Box 312, Botany
NSW 1455

Telephone +61 2 9666 8200
Facsimile +61 2 9666 8065

Mr Barry Sargeant

Deputy Director

Bureau of Air safety Investigation
24 Mort Street

Braddon

ACT 2612

Dear Mr Sargeant,

t
' Re: Occurrence Report 199702276 involving BAe146 VH-NJF

I am in receipt of the second draft of the above report, made available to me on Wednesday
24 August. Whilst we are grateful for the opportunity to make verbal comments to you, we are
dismayed at the time made available to us to do so, (i.e. by 9am Thursday August 25),
especially given the time differences existing between me and my colleagues in the United
Kingdom. Given the importance of the matter, | have set out beiow the substance of those
comments, which in the time available, we have formulated:

1.__BAe’s previous comments

1.1 As you are aware, BAe submitted a detailed response to the first draft of the report on 22
July 1999. Despite various requests, we were not afforded the opportunity to discuss our
submission or the Report with you or any members of your team in person. Given the
nature of the Report and its recommendations, we were surprised at this lack of
consultation.

1.2 Similarly, we are also disappointed to note that the second draft fails to take into account
or address the majority of our comments. In particular, it fails to answer the majority of the
points we raised in paragraphs 1, relating to flight crew procedure, and 2, maintenance

' ' procedures, and why those procedures were not followed.

1.3 According to the Report, the cause of the incident was oil contamination of the air supply,
(although there is no evidence of the investigative basis for this finding). BAe accepts that
from time to time oil may leak into the air system. However, as we have previously
advised, when it became evident that this was occurring, BAe in conjunction with Allied
Signal in between 1991 and 1992, developed modiifications to reduce the frequency of
such leaks. A customer option of an oil filtration system was also introduced. No mention
is made of such modifications in your Report, or even whether the aircraft in question was
fitted with them. Given such modifications, we consider that the safety recommendations
in your Report have already been complied with.

1.4 In any event, on the basis of the circumstances described in the Report, the sole reason
why this incident occurred is because maintenance and operating procedures set out in
the relevant MEL, were not followed. Had the defective air supply been correctly labelled
and isolated, the alleged oil contamination would not have occurred (as is demonstrated
by the tact that when the flight continued the scheduled sectors with the number 4-engine
bleed air system turned off, these were completed without incident). Further, the aircraft
appears to have been operated for more than the ten-day period set out (recommended)
in the MEL. Given these facts, we are surprised that these matters are not referred to in
the Report.

A British Aerospace Company
Bntish Aerospace Austraha timited
ACN 008 423 005



e

n
e

1.5 Similarly, basic aircrewmanship dictates that in this type of situation oxygen masks should

have been immediately donned. !f this had been the case, the affected crewmembers
would not have been prevented from properly carrying out their assigned duties, and
hence there should have been no threat to air safety. We do not consider the comment
“the crew did not consider the use of oxygen masks..... necessary in the situation”, to be
an adequate explanation of why this was not done.

2. _Anecdotal Evidence

Much of the report relates to purely anecdotal evidence of other incidents. You seek to
link these with the incident under investigation. While the nature of the Report makes it
impossible for us to comment on.or assess the further incidents referred to, it is our firm
view that recent complaints regarding cabin air quality arise from circumstances largely
unconnected to oil contamination and are not therefore relevant to the incident under
investigation. Yet, not only does the Report refer extensively to this anecdotal evidence, it
fails to mention the additional customer optional madifications that BAe has recently
developed in conjunction with Ansett Australia to address cabin air quality issues and
which are currently being embodied on Ansett's fleet.

3. Failure to ICAO Practices

We have expressed our disappointment at your refusal to have a meeting with us to
discuss this Report. We also understand that you failed to follow ICAQO guidelines as set
out in Annex 13, in that you failed to follow standard reporting layout and that you made no
formal notification to the UK Air Investigation Board. We understand that the AAIB have
made separate representations to you to that effect. We also are led to beligve that, at no
stage, did you contact UK Civil Aviation Authority, the Design Authority for the aircratft.

4. Conclusion
In summary, our position remains that we continue to disagree with the substance or your

Report. We again request the opportunity to meet with you and your team to go through the
Report in detail.

Yours sincérely
g

[ T

—
B.K. Jones
Senior Vice President
Australasian Support

CC: MrRaob Les Director BASI
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BAe 146 Series/AVRO 146-RJ Series

v

1, SYSTEM & SEQUENCE
NUMBERS

ITEH

36 PNEUMATIC

~-00-1 Engine Bleed
Air Systems

~10-1 APU Air Valve
(If Installed)

~20-1 ENG AIR FAULT

Lights

~20-2 ENG AIR VALVE
Lights

2. NUMBER INSTALLED

CAA Approved
MASTER MINIMUM EQUIPMENT LIST

3. NUMBER REQUIRED FOR DESPATCH

4. REMARKS OR EXCEPTIONS

4 | 3| (0)One may be inoperative provided:

a) Associated isolation valve is closed, and

b) The aircraft is not despatched into known
or forecast icing conditions.

110 (M) (0)May be inoperative provided the valve
is secured closed and the APU AIR switch
remains OFF. The APY may be used for
electrical powver.

4] 3} (M)(O)One may be inoperative provided:

a) The associated pressure reducing valve/
isolation valve is in the closed position,

b) The remaining three systems are fully
operative, and

¢) The aircraft is not despatched into known
or forecast icing conditions.

413 (M) (0)0One may be inoperative provided:

a) The associated pressure reducing valve/
isolation valve is in the clogsed position,

b) The remaining three systems are fully
operative, and

¢) The aircraft is not despatched into known
or forecast icing conditions.

|
I
!
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BAE SYSTEMS

SUPPLEMENTARY SUBMISSION INCORPORATING OPENING
STATEMENT
10 April 2000

We would like to thank the Committee for the opportunity to appear before you again.
We hope to be able to assist the Committee further in concluding this inquiry.

Since we last appeared before you on 2 November 1999, you have heard a significant
amount of further evidence. We would like to take the opportunity in this opening
statement to comment on a number of matters which have arisen.

Certification

First, we can confirm that the BAe 146 aircraft does comply with all applicable
Australian airworthiness standards relevant to the cabin air issue. Although this has
been questioned in the evidence of a number of the witnesses, we can assure you that
the aircraft does fully comply and no dispensations or exemptions have been granted
by the Australian authorities in this regard. It should not be overlooked that this
aircraft is certificated not only in Australia but also in 36 other countries, including the
UK and the US. Each of those countries applies exactly the same standards to matters
relating to cabin air as does Australia. Over 50 different carriers operate approximately
350 aircraft of this family around the world.

Cabin Air Flow

A particular question has been raised concerning the rate of fresh air flow into the
aircraft and whether the BAe 146 complies with the regulatory requirements covering
this. We have tabled before the Committee an Appendix to this opening statement
(Appendix 1), which explains both the relevant regulatory requirement and what the
BAe 146 achieves. In our opening statement to the Committee on 2 November 1999,
we referred to figures for the aircraft’s performance, which were subsequently
commented on in the evidence of both AFAP and the FAAA. In fact the figures quoted
were the regulated flow rate for the cockpit (10 cubic feet per minute per person in
normal operations) and the ASHRAE proposed level for the cabin (5 cubic feet per
minute). As you can see from the Appendix, the aircraft actually does considerably
better than those.

The fact is that the BAe 146 meets the regulatory requirement for fresh air flow in
normal operations by a wide margin (between 7 and 10 times better). Based on the
data contained within the ASHRAE submission to the Committee, the aircraft also
compares well with the Boeing 777 in this regard. We will be happy to go into this
issue in more detail in answer to questions if you wish.

Aircraft Age and Continuing Airworthiness

We would also like to comment on the impression given by some of the evidence that
the BAe 146 is a relatively old aircraft and that this may have some relevance to the

BAE SYSTEMS Australa Limited Level 1 2B Lord Street BOTANY NSW 1455 PO Box 312 BOTANY NSW 1455 Australia
Telephone +61 (0)2 9666 8200 Fax +61 (0)2 9666 8065

ACN 008 423 005



matter. Again this is not in fact the case. The aircraft was first certificated in 1984.
Modern jet aircraft generally have an operating life of over 30 years, whereas the
average age of the Australian BAe 146 fleet is 10 years, 7 months,

During the life of any aircraft, it is standard practice for the aircraft manufacturer to
produce numerous modifications as part of their ongoing enhancement and
improvement of the aircraft. These modifications can be categorised as optional,
recommended or mandatory. Mandatory modifications are those which are agreed
between the manufacturer and airworthiness authorities to be necessary to address
significant safety issues and are made legally compulsory. Apart from mandatory
modifications, the decision whether to implement a particular modification and the
timing of so doing is a decision for each aircraft operator.

We have tabled before the Committee a Schedule of the various modifications and
procedures relevant to cabin air quality which, in conjunction with the engine and
APU manufacturers, we have introduced to the BAe 146 since 1990 (Appendix 2). All
of the modifications in that Schedule are categorised as either recommended or
optional and none have been made mandatory by the airworthiness authorities. They
are made available as part of the ongoing product improvement programme we offer to
all of our customers. Such modification programmes are standard practice among all
aircraft manufacturers.

As I hope that Schedule demonstrates, we take our responsibilities as an airframe
manufacturer very seriously and will continue to do so. We are proud of the fact that,
after 5.2 million flight hours, the 146 fleet has never suffered a fatal accident due to
technical failure, which makes it one of the safest aircraft in operation today.

Test Programmes

The BAe 146 cabin air supply has been the subject of detailed testing on a number of
occasions. In addition to extensive initial certification testing carried out in 1982, we
have participated in a number of outside test programmes: in particular those
conducted by Dr Vasak in 1992, Domnick Hunter Limited also in 1992 and Allied
Signal and Ansett in 1997. We were also informed and considered the results of Dr
Van Netten's testing following its completion in 1996. You have heard a range of
different opinions during the course of your inquiry regarding potential contaminants
in the cabin air supply and their possible effects. However it must not be overlooked
that none of the testing carried out to date has produced any evidence of any such
contaminant exceeding or even approaching the currently recognised safety levels.
This testing has been conducted both on the ground and in flight and has included
complaint aircraft, one of which had a known seal failure.

Present BAE SYSTEMS Actions

None of this means that we are in any way complacent. Indeed, BAE SYSTEMS is
currently progressing a number of matters which we hope will add to our knowledge
in this area or otherwise move matters forward.

. We are conducting a survey of all BAe 146 operators seeking information on
any cabin air quality incidents their fleets may have encountered. So far the

[SS]



results of this survey are confirming the effectiveness of the modifications
introduced in the past to address the issue.

. We are developing our own test programme to enable us to develop further
data on any potential contaminants in the cabin air supply. The intention is to
use a portable detector to carry out a series of controlied measurements of the
cabin air environment, having introduced known quantities of specific
contaminants into the air conditioning system of a non-service (test) aircraft.
This will enable us to build up a profile of the signature of each potential
contaminant at each stage of flight. The detector can then be used by individual
operators to determine the precise profile of any contamination suspected on a
particular aircraft This should enable more precise corrective maintenance
action to be taken and may also identify any further design enhancements
which can be introduced.

® You have heard evidence from Mobil about their work on Mobil 291. | am
pleased to be able to tell you that that product has now been approved by both
BAE SYSTEMS and Honeywell (formerly Allied Signal) for use in the BAe
146’s engines.

The other development there has been since we last appeared before the Committee is
that the UK House of Lords has recently announced a Select Committee enquiry into
the aircraft cabin environment. The scope of the enquiry appears to be quite broad and
general air safety is specifically excluded. We mention the enquiry simply because,
when we last appeared, you asked us to check whether there was any current UK
Parliamentary investigation into this area and we later confirmed that, so far as we
could ascertain, there was none (as indeed was then the case). In the circumstances we
think it right to update this information for you.

Swedish incident

The Committee has heard from some wilnesses about a recent incident involving a
Swedish operator and we would like to update you briefly on that.

On 12 November the flight crew of a Swedish operated BAe 146 reported
experiencing symptoms of nausea and light headedness as they were descending to
land following a domestic flight. They both donned oxygen masks and the aircraft
landed without further incident. Immediately following the incident, BAE SYSTEMS
issued an All Operator Message emphasising the need for flight crew to don oxygen
masks in the event that they experience any fumes or unusual physical symptoms.

The incident is currently the subject of investigation by the Swedish Accident
Investigation Board. Both BAE SYSTEMS and Honeywell are playing a full part in
that investigation, the results of which will be published in due course by the Swedish
authorities. However it is fair to say that during the course of the investigation to date,
which has included full engine testing and strip down and in-flight testing of the
aircraft, nothing has been encountered which has made either BAE SYSTEMS or the
investigator in charge think it necessary to take further safety action at this time.



Short-term health risks

During the evidence of earlier witnesses to this inquiry, there were suggestions that
BAE SYSTEMS accepts that there are short-term health risks associated with the
aircraft. We have not in fact accepted this. The aircraft test data available does not
support such a conclusion and indeed points the other way. We therefore cannot
accept this proposition.

While we have no direct information on the clinical nature or cause of any individual’s
symptoms, we are very much alive to the fact that there are reports of symptoms being
suffered worldwide by crew of a range of aircraft types (not just the BAe 146). We
agree that there would be benefits in further research into this area. Indeed, as we
have already said, BAE SYSTEMS is itself developing a test programme to help
gather further data. -

Future Action

Finally we would like to address an issue which the Committee has raised with a
number of witnesses: namely to identify which is the correct body to take forward any
ongoing investigation into the issues raised by this inquiry. We have carefully
considered the various options which the Committee has canvassed with earlier
witnesses, including the possibility of vesting the task in some form of independent
panel or expert. In our view however the better option would be for any future
investigation to be coordinated by and channelled through the appropriate aviation
authorities. We say this not least because civil aviation is regulated on an international
level and there is a need for national bodies to liaise with their counterparts in other
countries.

As we have previously commented, cabin air quality is an international and industry
wide issue. On 5 April 2000 a Federal Aviation Authorisation Act was signed into US
Jaw by President Clinton, which will instigate a year long study by the US National
Academy of Sciences, in conjunction with the FAA, into the very issues being
considered by this Committee as they affect the aviation industry as a whole. We
attach an extract of the relevant section from that Act as a further Appendix to this
opening statement (Appendix 3). The EU has also recently published a Green Paper
into air passenger rights, which includes the issue of the aircraft cabin environment.

If the results of Australian experience and research are to be fed into this international
process, the body best able to do this is CASA, being the body charged with the
relevant regulatory responsibility under Australian law and with whom its overseas
counterparts would expect to deal. If there is a need for further research and
investigation within Australia which CASA feels is beyond its expertise or resources,
this function could readily be passed to the ATSB (a body also known and respected
internationally), on the basis that its findings would then be channelled back through
CASA.



In conclusion we would say that the BAel46 is an aircraft in widespread use around
the world (for instance it is the second largest user of European airspace after the
Boeing 737). We are proud of its outstanding safety record. That is supported by the
evidence you have heard from both the operators and the regulators during the course
of your inquiry. We are nevertheless conscious of the concerns which have been
raised during the course of this inquiry and we are keen to provide what further
assistance we can to you. We are therefore happy now to answer any questions the
Committee may have.



APPENDIX 1

FRESH AIR FLOW RATES IN NORMAL OPERATION

1 Requirement

The BAe 146 aircraft was certificated by the UK CAA to JAR.25 Change 5. The paragraph relating to airflow
volume requirements is JAR.25.831(a), which requires for normal operation that:

‘Each passenger and crew compartment must be ventilated, and each crew compartment must have enough fresh

air (but not less than 10 cu.ft. per minute per crew member) to enable crew members to perform their duties
without undue discomfort or fatigue.

No additional requirement nor any alleviation to this requirement was imposed by CASA or by any other authority
when the BAe. 146 was certificated in any other country.

2__ Air Supply in Normal Operation

The aircraft is normally operated utilising two air conditioning packs. These can be set to either recirculation
mode (60% fresh, 40% recirculated air) or 100% fresh air.

2.1 40% Recirc Mode

For the flight deck with two pilots over six times the regulated amount of fresh air is supplied. There are three
seats are available on the flight deck, the third to accommodate a training captain or supernumary crew member
With three pilots, over four times the regulated amount is supplied.

For the passenger cabin, the airworthiness requirements address the abnormal (ie, single air conditioning pack)

situation rather than normal operation. However, with both packs operating, the airflow rate to the passenger cabin
is in fact comparable to the level required for the flight deck.

2.2 100% Fresh Mode

For the flight deck with two pilots over ten times the regulated amount of fresh air is supplied. With three pilots.
over six times the regulated amount is supplied.

For the passenger cabin, 50% more than the level required for the flight deck is provided.

Fresh Air Fresh Air Factor Total Air
Requirement Delivered Delivered
cfm per person cfm per person cfm per person
Flight Deck Recirc Mode 10 60.9 6.9 101.4
Fresh Mode 10 101.4 10.2 101.4
Passenger Cabin _ Recirc Mode N/A 9.0 N/A 15.0
Fresh Mode N/A 15.0 N/A 15.0

3. Assumptions

- Flight deck calculations in the above table assume two flight crew.
- Passenger cabin calculations in the above table assume three flight attendants and 90 passengers,

which represents the five abreast cabin layout typical of Australian operators.
- Mass flow to volume flow conversion assumes air density equivalent to an 8000 ft. passenger cabin at 20 deg C

Aircratt flow rates are applicable to a 30,000 ft. cruise condition.



APPENDIX 2

Chronology of BAe modifications and enhancements introduced

since 1990 relevant to cabin air quality issues

Engines

Date

Type of Modification

January 1990

SIL 36/9 - Installation of catalytic converters

October 1990

EM SB.72 - 258 No 9 bearing seals

December 1990

SIL 36/11 - Bleed hogging trouble shooting procedures

April 1995

EM SB.72 340 ~ Improved number 1 bearing assembly

June 1995

EM SB.72 - 340 — Improved air diffuser oil tubes

December 1995

EM SB.72-1009 — Improved number 2 seal assembly

March 1997

EM SB.72 - 1034 — Improved number 2 bearing

April 1997

EM SB.72 -~ 1035 - Air diffuser with new oil tubes

October 1998

EM SB.79-1010 — Improved number 1 seal

Auxiliary Power Unit

Date

Type of Modification

July 1991

APU 49-6573 - Stiffened exhaust flange to reduce leaks

October 1991

APU 49-6595 — Revised dipstick to avoid oil over-filling

February 1992

APU 49-6641 - Improved cooling fan seal to prevent leaks

March 1992 APU 36127A - New bleed air connector seal

April 1992 APU 36115A - Improved bleed air duct seal

May 1992 APU 36115B - Improved exhaust sealing

June 1993 APU 36115E - APU bay ventilation improvements
July 1993 APU 36019E - Improved inlet flexible duct seal

October 1993

APU 36153A - Introduction of oil ejector system

October 1995

APU 49-7158 - Qil level sight gauge to avoid oil overfilling




August 1996

APU 49-7285 ~ Improved cooling fan for compatibility with
ejector mod

February 1998

APU 49-7346 - Improved compressor shaft seal

Environmental Control System
Date Type of Modification
May 1990 ECS 01087A - Ram air duct improvements to prevent leakage
May 1990 ECS 50095A - Fume extraction for aft galley
May 1990 ECS 40002M - Introduction of air outlets forward toilet
September 1990 | SIL 21/27 - “Oil contamination of air conditioning system”
September 1991 | SIL 21/30 — Cabin and flight deck malodours trouble shooting

procedures

October 1991

ECS 65188M — Introduction warm air outlets/aft vestibules

January 1993

HCMO 01316A - Introduction of filters in air conditioning
ducts

January 1993

HCMO 01316B - Introduction of filters in air conditioning
ducts

September 1994

ECS 01343A/B/C — Improved duct joints in bleed air supply

July 1998 ECS 01627A - Introduction of duct clamp assembly
July 1998 40424 A to G Cabin airflow enhancements
May 1999 ECS 40424 H 10 K ~ Cabin airflow enhancements

July 1999

ECS 40424 L - Cabin airflow enhancements




APPENDIX 3

WENDELL H. FORD AVIATION INVESTMENT AND REFORM ACT FOR THE 21ST CENTURY

TITLE VII--MISCELLANEOUS PROVISIONS

Sec. 725. Passenger cabin air quality,

SEC. 725. PASSENGER CABIN AIR QUALITY.

(a) STUDY OF AIR QUALITY IN PASSENGER CABINS IN COMMERCIAL AIRCRAFT-

(1) IN GENERAL- Not later than 60 days after the date of the enactment of this Act, the
Administrator shall arrange for and provide necessary data to the National Academy of
Sciences Lo conduct a 12-month, independent study of air quality in passenger cabins of
aircraft used in air transportation and foreign air transportation. including the collection of
new data, in coordination with the Federal Aviation Administration, to identify contaminants
in the aircraft air and develop recommendations for means of reducing such contaminants.

(2) ALTERNATIVE AIR SUPPLY- The study should examine whether contaminants would
be reduced by the replacement of engine and auxiliary power unit bleed air with an
alternative supply of air for the aircraft passengers and crew.

(3) SCOPE- The study shall include an assessment and quantitative analysis of each of the
following:

(A) Contaminants of concern, as determined by the National Academy of Sciences.

(B) The systems of air supply on aircraft, including the identification of means by
which contaminants may enter such systems.

(C) The toxicological and health effects of the contaminants of concern, their
byproducts, and the products of their degradation.

(D) Any contaminant used in the maintenance, operation, or treatment of aircraft, if a
passenger or a member of the air crew may be directly exposed to the contaminant.

(E) Actual measurements of the contaminants of concern in the air of passenger
cabins during actual flights in air transportation or foreign air transportation, along
with comparisons of such measurements to actual measurements taken in public
buildings.

(4) PROVISION OF CURRENT DATA- The Administrator shail collect all data of the
Federal Aviation Administration that is relevant to the study and make the data available to
the National Academy of Sciences in order to complete the study.



(b) COLLECTION OF AIRCRAFT AIR QUALITY DATA-

(1) IN GENERAL- The Administrator may consider the feasibility of using the flight data
recording system on aircraft to monitor and record appropriate data related to air inflow
quality, including measurements of the exposure of persons aboard the aircrafi to
contaminants during normal aircraft operation and during incidents involving air quality
problems.

(2) PASSENGER CABINS- The Administrator may also consider the feasibility of using the
flight data recording system to monitor and record data related to the air quality in passengers
cabins of aircraft.
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