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ABSTRACT

Air quality on aircraft in flight has been studied
extensively. Most studies indicate that the current
recommendations for air quality on the flight deck
and in passenger cabins of aircraft are of low risk
providing that relevant legislation is complied
with, relevant airworthiness standards are met, and
relevant engineering and operational systems
function properly. However, where problems
arise, and aviation fluids such as hydraulic fluids
or jet oils pass to the environment where air crew
or passengers are found, the potential exists for
adverse exposures to occur, and for adverse health
problems to arise. Evidence is available to suggest
that the number of exposure events is not small.
However, most studies that have been carried out
to measure atmospheric contamination in aircraft
by engine oil leaks or hydraulic fluids are sufficiently
flawed on procedural and methodological grounds
as to render their conclusions invalid. Problems
include: studies that were conducted on the
ground, studies that were that were conducted in
the absence of an exposure event, such as an oil
leak studies that use the wrong sampling
techniques, studies that measure the wrong
contaminants, analytical techniques with poor
limits of detection, poor chain of custody and the
like. This has not stopped inappropriate use of
such studies, or inappropriate conclusions being
drawn from them. There is a real need for monitoring
the cabin environment during exposure events, so
that a suitable understanding of levels, toxicity and
impact of chemical exposures can be established.
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INTRODUCTION

Chemical exposures in aircraft in flight are not
unheard of. In 1953, The US Aeromedical
Association first expressed their concerns about
the toxicity risks of cabin air contamination by
hydraulics and lubricants'. Other risks have been
identified more recently, either as part of the
chemicals routinely used in maintaining airplanes’,
or as toxicological factors in aviation accidents’.
Passenger protective breathing equipment tests
conducted by the UK Air Accidents Investigation
Branch identify contaminants such as carbon
monoxide, hydrogen cyanide, hydrogen fluoride,
hydrogen chloride, nitrogen oxides, sulphur dioxide,
ammonia, formaldehyde, acrolein, and other
hydrocarbon compounds in combustion situations®.

Notwithstanding emergency situations, there are a
range of other situations that can arise whereby
airplane cabin air can be contaminated’. These
include:

o ingestion of exhaust from other aircraft or on
ground contamination sources;

o application of de-icing fluids;

o hydraulic fluid leaks from landing gear and
other hydraulic systems;

o excessive use of lubricants and preservative
compounds in the cargo hold,

o preservatives on the inside of aircraft skin;

o large accumulations of dirt and brake dust may
build up on inlet ducts where auxiliary power
units extract air from near the aircraft belly;
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o ingestion of oil and hydraulic fluid at sealing
interfaces, around oil cooling fan gaskets and
in wom transitions; '

o oil contamination from synthetic turbine oil;

o engine combustion products (for example,
defective fuel manifolds, seal failures, engine
leaks).

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 leaks, seal
failures and fluid ingestion by APU/engines.

Aviation oil leaks

The oils and hydraulics used in aircraft engines
can be toxic, and specific ingredients of oils can
be irritating, sensitising (such as phenyl-alpha-
naphthylamine) or neurotoxic (for example, ortho-
containing triaryl phosphates such as tri-
orthocresyl phosphate)®’. If oil or hydraulic fluid
leaks occur, this contamination may be in the form
of unchanged material, degraded material from
long use, combusted or pyrolised materials. These
materials can contaminate aircraft cabin air in the
form of gases, vapours, mists and aerosols®.

Some of these contamination problems can persist
for decades. For example, a problem of oil
contamination of the air conditioning system of
the BAe 146 was first noted by the aircraft
manufacturer in 1984°, and was the subject of a
specific term of reference to an Australian Senate
Aviation 1Inquiry held 1999-2000, over fifteen
years later'’.

While changes in product formulations have
attempted to make less toxic products’, concern
still exists as to the potential toxicity that exposure
to these materials may cause'’.

Hundreds of in-cabin leak/smoke events are
documented annually, often correlated to aircraft
fluid leak events. There is a spectrum of defects
and malfunctions in an airplane engine ranging
from the trivial, to the serious, to the catastrophic.
Fume events are much more frequent, correlated
to less important aircraft fluid leaks (in the order
of hundreds a year)'’. However, as trivial
malfunctions can escalate into serious events, it is

necessary to ensure that all types of malfunctions
are identified, investigated and rectified.

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”. Because of the ways in which the
conclusions of individual reports are interpreted
and used by various sectors of this industry, it is
necessary in this paper to provide quotes from the
individual reports so that a better understanding of
statement and conclusions can actually illustrate
the points being made.

The aviation industry itself acknowledges that air
quality exposure events are primarily due to oil
leaking into the air supply'?. Information about the
design of poor exhaust systems on aircraft has
been known for over thirty years. In a 1974
Handbock published by the Garrett Corporation (a
manufacturer of aircraft engines and auxiliary
power units) it is noted that the least favourable
location of an exhaust inlet “is an inlet located
well aft at the bottom surface of the fuselage.
Fluids likely to be ingested with this type of inlet
include those that may be spilled within the
aircraft fuselage, fuel-tank-leakage and vent-
system discharge, leakage from the hydraulic
system etc”". Yet this is precisely where the
exhaust inlet is located on many models of
aircraft, including those equipped with Garrett
engines.

In 1981, the Society of Automotive Engineers
(SAE) noted in an Aerospace Information Report:
Engine compressor bearings upstream of the bleed
ports are the most likely sources of lube oil entry
in the engine air system and thence into the bleed
system contaminating the cabin/cockpit air
conditioning system””.

In 1983, Mobil Oil {(manufacturer of a number of
aviation jet oils) noted in correspondence to a
customer that If cabin air becomes contaminated
with any lubricant and/or its decomposition
products, in sufficient quantities, some degree of
discomfort due to eye, nose and throat irritation
could be experienced. Problems like these can be
generally traced fo improper design, improper
maintenance or malfunctioning of the aircraft”.

In December 1984, British Aerospace (an aircraft
manufacturer) issued the BAe 146 Service
Information Leaflet “Oil Contamination of Air
Conditioning System” that acknowledged that oil
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contamination of ducting was a problem, and
suggesting ways in which such problems might be
resolved'®. Among other things, this leaflet
recommended the development of an operational
procedure called an Air Conditioning Pack
Burnout Procedure, Operating the system, before
the first revenue flight of the day, in hot mode for
five minutes (manually controlling the duct
temperature at 70°C). This will help purge
residual oil from the packs and ducting.

In 1989, the Garrett APU Division of Allied
Signal issued a Service Bulletin regarding the
compressor seal assembly, noting that the current
compressor seal has shown an unacceptable rate
" of failure which can result in smoke in the cabin
and The failure of the compressor seal assembly
allows gearbox oil to leak into the compressor
inlet resulting in smoke in the cabin. The new seal
has been redesigned to improve sealing
characteristics and reliability." However Service
Bulletins are not mandatory. All Garrett/Allied
Signal could recommend was that aircraft
operators make replacements at their convenience.
In fact, for one aircraft type alone, the BAe 146,
there are over 200 sources of data relating to
contaminated air including service bulletins,
service information leaflets, all operator messages,
engineering data and airworthiness directives'®.

While all parties acknowledge that a Problem
exists, and has existed for a long time", most
sectors of the aviation industry then paradoxically
deny that leaks are a serious matter, suggesting
that it is not it is an air safety issue, rather an OHS,
general health or comfort issue®®. For example, in
1996, an expert panel convened by Ansett
Australia to investigate engine oils leaks on the
BAe 146 concluded: The panel accepts that short
term symptoms associated with odours that have
been reported on the BAe 146 and other types are
substantiated. These have been generally linked
with inadequate ventilation together with aircraft
system defects™ .

In evidence to the Australian Senate Inquiry in
1999, British Aerospace stated that Reports of
cabin air odours have been received from time to
time and have predominantly been determined fo
be due to minor systems failures such as leaks
firom oil seals on the aircraft engines or APU*.

Regulatory agencies indicate that “serious
impairment” includes the loss of crew’s ability to

see flight deck instrumentation or perform expected
flight duties. ‘However, they also suggest this
excludes purely psychological aspects of the
concern of odours, and concerns about long-term
exposure”. In evidence to the Australian Senate
Inquiry in 1999, the Civil Aviation Safety
Authority (CASA) of Australia suggested that: all
aircraft suffer fumes as a feature of the design
of air conditioning systems in aircraft’. In
correspondence to an inquiry from a pilot union,
the UK Civil Aviation Authority advised that crew
discomfort such as headaches, nausea and irritation
due to contamination is not their responsibilitﬁy
unless the safety of flight and landing are affected™.

When a leak occurs, it may be dismissed by the
pilot as being a nuisance, in that it appears to have
no apparent effect or is considered a normal part
of flying. Or it may be considered minor and
reported within the company and fixed without
record (anecdotally, some pilots report leak events
to ground crew verbally or unofficially, for
example, on scrap paper or even cocktail napkins).
In this, there is inappropriate subjective interpretation
of the terms “undue discomfort” and “harmful or
hazardous levels of gases or vapours” specified in
aviation regulations, and interpretation of this
often errs on the side of convenience. Or a record
may be made, but with the being defect regarded
as ‘not safety of flight or not major defect’ and not
considered sufficiently serious to report to aviation
regulators, either voluntarily or as part of mandatory
requirements. Lastly, as aviation regulations impose
strict guidelines on how aircraft defects are defined,
must be reported, investigated and dealt with, some
Ieaks may actually be reported to aviation
regulators >. These reports tend to cover the
serious problems, but not always so. However,
with substantial under-reporting and a culture of
complacency between operators and regulators, no
aviation regulatory authority can honestly consider
that the reports they receive from the industry
represent anything other than a very small tip of a
very large iceberg of leak or exposure events.

From review of available sources and reported and
accessible information, it is apparent that only a
small fraction of the known incidents are
reported'”. Evidence is available that suggests that
there are a substantial number of leak incidents on
airplanes, especially on certain models of aircraft®',
Many of these leaks go unreported to aircraft
operators. Of those leak incidents that are reported



36

Chris Winder

to aircraft operators, many are not reported to
regulatory authorities. Of those leak incidents that
are reported to regulatory authorities, not all are
added to relevant databases. Ultimately, only a very
small number of leak incidents are investigated fully.

Aviation air quality monitoring studies

During the last twenty years there have been a
number of studies carried out in relation to aircraft
air quality and chemical contaminants entering the
cabins of aircraft. Some of this research is not
available in the public domain, and in some cases,
it may be difficult to critically examine its
findings.

Studies on contamination of the aircraft cabins
began in the late 1970s. Such studies tend to be of
two types:

o Studies looking at the possible contents of
aviation engine oils and other products.

o Studies looking at the chemical content of air
in aircraft during flight.

Studies on aviation oils

A series of lubricating oils and hydraulic fluids
were examined for their potential to contaminate
cabin air’. This test confirmed that tests simulating
line rupture with fluid spilling onto a hot 450°C
metal surface in the presence of air resulted in
excessive fluid degradation, with significant
concentrations of hydrocarbons, carbonyls and
alcohols produced, including formaldehyde, acrolein,
formic acid and with formates.

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. The study concluded that pilot
incapacitation from engine oil contamination was
without validity, although the extrapolation of
ground based studies to flying conditions is highly
dubious. To cover the possibility of sensitisation,
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. It was also noted that: There
are instances in which chronic or repeated
exposure may Ssensilize a person [0 cerldin
chemicals so that concentrations in the ppb range
may elicit an acute hypersensitivity type reaction.

A study of the inhalation toxicity of six
commercially available products 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. The
results of this study, again carried out at ground
level, provide little about exposures at altitude.

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 was not chemically altered
from the oil in the engine.

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/m?). This
is an exceptionally low level, compared with the
conventional exposure standard for low toxicity
oil mist (at 5 mg/m®).

A 30 May 1991 Datachem report for Richard Fox
of Allied Signal Aerospace suggested breakdown

of engine lubricant by excessive heat probably did
not occur.

A 2000 réport by van Netten and Leung
investigated the release of CO, CO,, NO,, HCN,
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and volatiles under laboratory conditions at 525°C
from two jet oils, measured using gas chromato-
graphy (GC). Volatiles included tricresyl
phosphates (TCPs) and trimethyl propane
phosphate (TMPP)’'. TMPP was not found in
these experiments. Some CO, was generated along
with CO, which reached levels in excess of 100
ppm. HCN and NO, were not detected. The
presence of TCPs was confirmed in the bulk oils
and in the volatiles. GC compositions of the two
bulk oils and their breakdown products were
almost identical.

A 2001 report by van Netten and Leung
investigated pyrolysis products from an engine oil
noted that the oil was an important source of
carbon monoxide, volatiles, and organophosphate
constituents, including phenyl and tricresyl
phosphates’. The authors suggested that during
oil leaks localised condensation products in
ventilation ducts became re-mobilised when cabin
heat demand increased, and could account for
mid-flight incidents.

Air quality studies

A 1991 microbiological study by Pall Europe of
an objectionable odour described as “old socks or
cheese” arising in the APU of a Dan-Air BAe 146
failed to find anything unusual under various
conditions of cabin air recirculation®. The authors
concluded that the APU related odour was not
caused by microbial contamination.

A 22 July 1991 memorandum prepared by Richard
Fox of Allied Signal Aerospace reports the results
of air quality testing for Dan-Air London. This
report notes that “several Bde 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 working with 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/m’, and in the cabin of 1.3 mg/m®, with a

similarity noted between the oil in the cabin and
Mobil Jet II. The exposure standard for
conventional hydrocarbon oil mist is 5 mg/m’,
although the applicability of the standard for
synthetic oils containing phosphate esters and
other toxic ingredients used in aircraft is
questionable. This study is the first to report oil
contamination of the cabin, although no tricresyl
phosphate was detected.

In 1992, British Aerospace contracted Dominick
Hunter to work with BAe to analyse air samples
which led to the introduction of the BAe cabin air
filtration system®. No toxicity issues were identified,
however this work is unavailable for review.

In 1992, a study by Nagda et al. investigated air
quality on aircraft’’. Air quality measurements
were only made during routine flights (that is,
there were no unusual air quality incidents during
the study). However, carbon dioxide levels
(reported at 1756 ppm) were sufficiently high to
cause potential comfort problems for passengers.

A 1993 study of cabin air undertaken by the US
National Institute of Occupational Safety and
health on behalf of Alaskan Airlines involved
approximately 40 flights®®. It was noted that the

- acute crew symptoms reported were: more like

those reported among US Air Force flight crew
members involved in cockpit exposure incidents
where oil was most frequently identified as the
source of the smoke fume or odour’**’. However,
it was noted that due to the unpredictable’
occurrence of air quality incidents: it was not
possible to arrange for satisfactory monitoring of

air quality during an incident.

In 1994, a study by Consolidated Safety Services
monitored volatiles and particulates during 35

~flights on eight models of aircraft®®. Air quality

measurements were only made during routine
flights (that is, there were no unusual air quality
incidents during the study). However, measurements
were made of carbon dioxide (a mean of 1162
ppm), particulates (as PM,o) a mean of 176 pg/m’,
and volatile organic compounds, a maximum of
2.2 ppm. '

Two 1995 studies conducted by Ansett Australia®®
collected air for oil mist assessment for fifteen
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, when no oil leak was




































