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The term “aerotoxic syndrome” was
proposed in 1999 to describe the
association of symptoms observed
among flight crew and cabin crew who
have been exposed to hydraulic fluid or
engine oil vapours or mists. A
descriptive epidemiological study was
conducted to investigate the health
effects of aircrew through a
questionnaire mail-out. Most of the
respondents (88%) reported that
symptoms occurred after exposure fo
engine oil or hydraulic fluid leaks which
caused odours and/or visible
contamination in the cabin. Invariably,
aircrew directly attributed their
symptoms fo exposure fo in-cabin
airborne contaminants. A comparison
between 18 respondents from the
United States and the 50 Australian
respondents shows significant
similarities in reported symptoms. There
was sufficient commonality in reported
symptoms to conclude a symptom basis
for aerotoxic syndrome.

o AVIATION INDUSTRY

e AEROTOXIC SYNDROME

* NEUROTOXICITY

e NEUROPSYCHOLOGICAL DYSFUNCTION
* AIRBORNE CONTAMINANTS
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Introduction

The oils and hydraulic fluids used in aircraft engines
can be toxic, and specific ingredients of oils can be
irritating, sensitising and neurotoxic (including
phenyl-alpha-naphthylamine, and tri-aryl phosphates
such as tri-ortho-cresyl phosphate).!? If oil or
hydraulic fluid leaks occur, this contamination may
be in the form of unchanged material, degraded
material from long use, or combusted or pyrolised
materials. These materials can contaminate aircraft
cabin air in the form of gases, vapours, mists and
aerosols. There are a number of possible situations
that can arise whereby cabin air can become
contaminated.” Significant contaminants include:
aldehydes;, aromatic hydrocarbons; aliphatic
hydrocarbons; chlorinated, fluorinated, methylated,
phosphate and nitrogen compounds; esters; and
oxides.** An additional problem is the lower partial
pressure of oxygen in the cabins of aircraft flying at
altitude.”’

To date, most studies that have been carried out to
measure atmospheric contamination in aircraft as a
result of engine oil or hydraulic fluid leaks are
sufficiently flawed on procedural and methodological
grounds so as to render their conclusions invalid.
Further, no monitoring has occurred during a leak.

International aviation legislation such as the United
States Federal Aviation Regulations and the
airworthiness standards for aircraft air quality state
that “crew and passenger compartment air must be
free from harmful and hazardous concentrations of
gases or vapors™.® Where contamination of the air in
flight decks and passenger cabins occurs that is
sufficient to cause symptoms of discomfort, fatigue,
irritation or toxicity, this contravenes such standards
and legislation.

Inhalation is an important route of exposure, with
exposure to uncovered skin being a less significant
route (for example, following exposure to oil mists or
vapours). Ingestion is unlikely.

Occasionally, such exposures may be of a magnitude
to induce symptoms of toxicity. In terms of toxicity, a

growing number of aircrew are developing symptoms
following both short-term and long-term repeated
exposures, including dizziness, fatigue, nausea,
disorientation, confusion, blurred vision, lethargy
and tremors.*" Neurotoxicity is a major flight safety
concern, especially where exposures are intense."

The earliest case found in the literature was reported
in 1977.2 A previously healthy member of an aircraft
flight crew was acutely incapacitated during flight
with neurological impairment and gastrointestinal
distress. His clinical status returned to normal within
a day. The aetiology of his symptoms was related to an
inhalation exposure to aerosolised or vapourised
synthetic lubricating oil arising from a jet engine of
his aircraft.

Other studies of chemical exposures in aircraft can be
found in the literature, including a 1983 study of 89
cases of smoke/fumes in the cockpits of US Air Force
aircraft, a 1983 study of Boeing 747 flight attendants
in the US (this article linked the symptoms to ozone),
a 1990 study of aerospace workers, and a 1998 study
of BAe 146 flight crews in Canada over a four-month
period.*'*'* A recent report of seven case studies
considered to be representative of the common
symptoms of irritancy and toxicity described similar
symptoms.® They investigated different exposures
and situations, and the range of symptoms in these
studies was quite broad, affecting many body systems.
However, there are common themes in symptom
clusters in these studies, as shown in Table 1.

While Table 1 shows a long list of symptoms, it is
possible to characterise many symptoms more
consistently. For example, different studies may
describe the same symptom as dizziness, loss of
balance, light-headedness, feeling faint, feeling
intoxicated, or disorientation. It would be incorrect to
regard such symptoms as being entirely different from
each other — they point to a basic neuropsychological
dysfunction affecting balance. But, rather than
dismissing such symptoms as being multitudinous
and variable, it may be more appropriate to re-
categorise symptoms with clearer definitions, so that
the artificial distinctions between symptom reporting
can be clarified, and a shorter list developed.”
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TABLE 1

Studies reporting signs and symptoms in aircrew

Number of cases/reports

Symptoms go' 2487 53" 112 Az
Irritation of eyes, nose and throat i
Eye irritation, eye pain 35% 74% 57% 24% 4/7
Blurred vision, loss of visual acuity 11% 13% 1% 4/7
Rashes, blisters (uncovered body parts) 36% 4/7
Sinus congestion 35% 54% 5% 2/7
Nose bleed 7% 1/7
Throat irritation, burning throat, gagging and coughing 2% 64% 57% 43% 2/7
Cough 69% 2/7
Difficulty in breathing, chest tightness 68% 37
Loss of voice 35% 17
Chest pains 7% 81% &% 2/7
Respiratory disfress, shortness of breath, breathing

problems requiring oxygen 73% 2% 4/7
Fainting, loss of consciousness, “grey out” 4% 4% 3/7
Shaking, fremors, tingling 9% 3% 3/7
MNumbness (fingers, lips, limbs), loss of sensation 8% 2% 4/7
Dizziness, loss of balance 47% 6% 4/7
Lightheadedness, feeling faint or intoxicated 35% 54% 32% 7T
Disorientation 26% 15% 4/7
Severe headache, head pressure 25% 52% 26% 7/7
Trouble thinking or counting, word blindness,

confusion, coordination problems 26% 39% 42% 6/7
Memory loss, memory impairment, forgetfulness 42% 7/7
Behaviour modified, depression, irritability 26% 20% 60% 4/7
Nausea, vomiting, gastroinfestinal symptoms 26% 23% 15% 8% 6/7
Abdominal spasms, cramps, diarrhoea 26% 3/7
Change in urine 3% 6%
Joint pain, muscle weakness, muscle cramps 29% 2/7
Fatigue, exhaustion 7/7
Chemical sensitivity 32% A/7

Against this background, a descriptive epidemiological
study was conducted of aircrew; which investigated the
development of symptoms during flight through the
mail-out of a sell-administered questionnaire. Because
of industry sensitivities with regard to such a survey, it
was designed to be independent of the aviation
industry (that is, aircraft manufacturers, airline
operators and unions were not invelved in the design

or conduct). Therefore, there was no formal process of
requesting nominations and a description of survey
objectives was not provided prior to nomination.

One of the aims of the present study was to identify
whether aerotoxic syndrome was definable and, if so,
the symptoms that might be considered indicative of
such a condition.
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Methodology

The survey

Selection process: The survey was voluntary. Survey
participants were those aircrew who took the effort to
identify themselves to the research project team as
being interested in the survey, and who then agreed to
complete and return the survey.

As noted above, there was no information or publicity
prepared or circulated by the research team about the
proposed survey. Officers in both flight attendants
and pilots unions were aware of the study, and a
statement was issued by the Flight Attendants’
Association of Australia that it was not involved with
the survey. Further, information flows rapidly within
the Australian aviation industry and the principal
investigator received many telephone and email
inquiries. Some inquirers were suspicious about the
independence of the survey, about the source of
research [unding and about the possibility that the
survey had any undue influence from companies or
unions. Many nominations were made only when
guarantees of funding independence and assurances
of nominator anonymity were provided by the
research project team.

The aircrew volunteer database was compiled over a
four-month period in late 2000. It was originally
proposed to survey between 30 and 50 nominations,
but it became apparent that this was an underestimate
of those interested in participating, Eventually 117
aircrew volunteered to be part of the survey. Of these,
100 were nominations from Australian aircrew.

Survey mail-out: Survey questionnaires were sent out
in January 2001. A response period of four months
was specified. After this time, no further responses
were included. Other responses have been received
since the cut-off date, including 18 from two US
airlines. Because the highest response rate was from
Australian aircrew, data from Australian respondents
are presented in this article, with a comparison
between the Australian and US findings discussed
later.

Response rate: Ultimately, 100 survey forms were
sent out to Australian nominations and 50 replies
were received (a response rate of 50%). As distinct
from many other surveys, the research team did not
send follow-up reminders to non-respondents. It is
not known why 50 volunteers initially planned to be
involved in the survey but then later declined. A
response rate of 50% to a single mail-out is
considered excellent, and could have been higher if
there had been a [ollow-up to non-respondents.

Development of questionnaire

A three-page structured questionnaire was developed
to survey aircrew volunteers. The questionnaire
consisted of open-ended and closed questions, with
extra space to add other comments.

The questionnaire was derived from pre-existing
questionnaires that had been developed for collecting
information at interviews to assess the experience of
aircrew following adverse health outcomes from
exposure to contaminants while flying.® Additions
and modifications were made to the questionnaire to
suit the present study. The questionnaire used in the
present study was reviewed by the University of New
South Wales Ethics Committee. It was considered
that the questionnaire should not “lead” or prejudice
the respondent, and extensive modifications were
made to early drafts to ensure neutral language. The
final questionnaire did not contain concepts such as
air leaks, contamination or aerotoxic syndrome. The
questionnaire was then trialled with 10 aircrew.
Further, mainly editorial, modifications were made as
a result of the trial.

Aircrew were initially asked to identify what, if any,
health symptoms they had experienced while flying
and the duration of these symptoms. These questions
were open-ended and invited opportunities for in-
depth qualitative responses. Respondents were asked
to describe factors that may have contributed to any
adverse health symptoms and outcomes.

The second part of the questionnaire consisted of a
relatively long list of signs and symptoms within the
[ollowing symptom categories: neuropsychological;
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neurological; senses; eye and skin; respiratory;
cardiovascular; gastrointestinal; renal; endocrine;
immunological, and reproductive. Respondents were
asked to report whether they had experienced any of
the listed symptoms.

Data analysis

Qualitative data were analysed by using the Statistical
Package for the Social Sciences.® Given the
possibility of selection and reporting bias, statistical
analysis was not conducted on these data.

Qualitative open-ended responses were documented
and descriptive quotations are included in this article.

Results

Demographic characteristics

Table 2 contains a demographic overview of
respondents. Of the 50 crew surveyed, 28% were
male and 72% were female. The majority of
respondents were cabin crew (70%), with flight crew
comprising the remaining 30%.

The age of respondents ranged from 26 years to 59
years, with a mean age of 408 years (the median was
38 years).

Years of experience in the industry ranged between
two and 40 years. The mean number of vears of
experience in the aviation industry was 16+10 years.

Ansett employed 72% of respondents and National
Jet Systems 22%. Most flew on BAe 146 aircraft
(92%), with 56% flying the A320 aircraft. Several
cabin crew flew both types of aircraft.

The vast majority of respondents (92%) reported that
they were non-smokers and tended to abstain from
alcohol (16%) or consume small quantities of alcohol
occasionally (72%).

Contributing factors

Aircrew were asked to describe any factors that may
have contributed to their symptoms. These questions
were unprompted and individual open-ended

comments were requested. Most of the respondents
(88%) reported that their symptoms occurred alter an
assumed exposure to oil gases and [umes in the cabin,
The common use of the word “fume” was often
incorrect on technical grounds. Technically, a fume is
an aerosol of solid particles generated by
condensation from the gaseous, volatile or oxidised
atomic state — mnot what were almost certainly
vapours (the gaseous phase of a liquid at room
temperature) or mists.

Invariably, respondents attributed these gases and
“fumes” (vapours and mists) to possible oil leaks. As
the nature of these exposure events cannot be
adequately described in statistics and graphs, a few
extracts [rom some of the respondents are reproduced
below. These sometimes better describe the more
alarming aspects of such exposures:

— Pilot, age 59: “1 consider the symptoms suffered
are a direct result of cockpit fumes on the BAe
146 aircraft. The greater the incidence of
detectable fumes, the more apparent the
symptoms ... also related to rate of flying. On
leave, the symptoms reduced.”

— Flight attendant, age 48: “T had an increased
exposure of fumes on the BAe 146, when the
cabin filled up with smoke, 1 could not see past
row two on the aircraft. Since that incident both
the Captain and First Olficer have developed lung
disease, 1 had breast cancer and another flight
attendant has sued the airline because of health
problems.”

— Flight attendant, age 37: “Following the fume
occurrence on the BAe 146 1 had a metallic taste
in my mouth, headache over the right eye, sore
throat. Short-term symptoms included nausea,
dizziness, lack of concentration, memory loss,
stiff neck, stinging/itchy; weepy eyes, difficulty in
concentrating while driving, heavy’ head, unable
to stand in the shower without falling over.”

Over hall of the respondents (54%) cited
airconditioning problems as a reason for adverse
health symptoms. Other factors included hypoxia
(18%) and pressurisation problems (16%).

J Occup Health Safety — Aust NZ 2002, 18(4): 321-338
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TABLE 2

Overview of the aviation employees surveyed

Number of responses

Aviation employee characteristics Categories n %
Gender Male 14 28
Female 36 72

Age 20-29 4 8
30-39 25 50

A40-49 13 26

50-59 8 16

Years of experience in aviation industry 1-9 13 26
10-19 19 38

20-29 11 22

30-39 5 10

A0+ 2 4

Occupation Flight crew 16 32
Cabin crew 34 68

Airline Ansett 36 72
National Jet Systems/Airlink 12 24

Northwest Airlines ) 4

Type of aircraft* BAe 146 46 92
A320 28 56

Alcohol MNone 8 16
Mild 36 72

Moderate 5 10

Heavy 1 2

Smoking Current smoker 4 8
Non-smoker 46 Q2

* This was a multiple response question, so the percentage was caleuloted by each item as a total of 50 responses.

Onset of symptoms

Adverse health symptoms as a result of exposure to oil
fumes were reported by 47 (94%) of the respondents.

Almost all respondents (96%) reported adverse
symptoms immediately while flying or en the same
day as flying. A large number of respondents (82%)
also experienced adverse symptoms that continued for
at least one month from the time of exposure. Many
respondents (74%) reported that they experienced
symptoms for at least six months alter exposure. The
term “long-term effects” indicates an effect(s)
persisting over a long period of time; however, the
duration of what might be considered “a long period of
time” has generated debate in this industry. Some view
this as being at least over six months, others over
decades. For the purposes of this article, an effect is

considered long-term if it has been present [or over a
year. Long-term symptoms that remained or developed
after at least one year of exposure were reported by
76% of respondents.

Amelioration of effects of exposure

Data on the manner in which effects of exposure were
ameliorated are shown in Table 3. Under half of the
respondents (42%) had mild symptoms that reduced
on vacating the plane and subsided further after
extended rest.

Those with more moderate symptems (32%) used the
oxygen on board the aircraft:

— Flight attendant, age 37: “At times, due to
maintenance problems, aircraft are flown with one
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TABLE 3
Amelioration of effects of exposure (including gender differences)

What happened
Fresh air/
sleep on Oxygen Doctor N/A or no
Gender landing used Hospitalised  attended symptoms Total %
Male* 10 (20%) 2 (4%) 0 0 2 (4%) 14 (28%)
Female* 1 (22%) 14 (27%) 8 (16%) 3 (6%) 0 36 (72%)
Total* 21 [42%) 16 (32%) 8 (16%) 3 (6%) 2 (4%) 50 (100%)

* Data expressed as number of respondents (%) (total n = 50).

airconditioning pack in service. 1 usually feel
hypoxic on these flights and use oxygen. On
other occasicns, the problem is with oil leaks and
then my symptoms re-occur. As I have removed
myself from flying on the BAe 146 my symptoms
have subsided.”

— Flight attendant, age 40: “After the mechanical
failure, hydraulic fuel leaked into the cabin. All of
the cabin crew and four passengers became ill.
Flight deck was on oxygen when the crew
reported dizziness, nausea and confusion and
extreme head pain.”

One pilot was so affected by exposure that the aircraft
was grounded until the symptoms subsided. Almost
one quarter of respondents (22%) experienced severe
symptoms and collapsed after exposure.
Hospitalisation was necessary for 16% who were
taken off the aircraft on a stretcher or wheelchair
suffering from exposure to toxic fumes;

— Tlight attendant, age 40: “All the cabin crew and
some passengers were exposed to the fumes, My
legs gave way ... I had to harness mysell into my
jump-seat. After landing, the crew were taken by
company van o an emergency ToOm.
Hospitalised, the physician’s diagnosis five hours
alter landing was probable inhalation injury —
cognitive problems, speech slurred, headache,
nausea. Twenty-four hours after exposure the
Internist Doctor noted ataxia, coordination
problems — diagnosis toxic encephalopathy. Day
3, the Neurologist documented toxic
encephalopathy with significant cognitive

dysfunction, memory loss, speech disorder — 1
cannot set a clock and cannot draw a cube. An
MRI was given two days after incident, tissue
damage was found in white matter, high signal
intensity spots on the frontal lobe of the brain.
Still experience long-term effects.”

— Flight attendant, age 24: “On the day of the
incident, within the first hour of smelling the
fumes T had difficulty breathing and talking. I had
spasms in my legs, was faint and felt very hot. On
disembarking I fell to the floor, they put me on
oxygen and wheeled me off in a wheelchair. T was
on oxygen for the first hour in the first aid room
and was unable to talk for the first hour. 1 was
taken to the medical centre during which time I
was in and out of consciousness.”

On a gender basis, fresh air and sleep reduced
symptoms for almost equal numbers of males (20%)
and females (22%); however, females generally
experienced more severe symptoms that reguired
greater medical intervention. Females (28%) were over
five times more likely to use oxygen than males (4%).
Hospitalisation was required [or 16% of females in
comparison with no males requiring hospitalisation.
Three women (6%) required attendance by a doctor, as
opposed to no reported requirements for males seeking
medical assistance (see Table 3).

Data on signs and symptoms

Data on symptoms ate presented below on the basis
of grouped symptoms or organ systems. Data are
presented in graphical form, with the same axis

J Occup Health Safety — Aust NZ 2002, 18(4): 321-338

327



dimension for respondents showing symptoms to
make comparison easier. Where possible, data on the
background incidence of such symptoms in the
Australian population are provided to allow a
comparison with background incidence, although
comparison of the data below with the other forms of
data may be problematic (for example, self-reported
as opposed to physician-collected data). There are
also problems with comparing total populations with
workers in that the “healthy worker” effect may bias
results, as would comparing males with females.'*

Irritancy symptoms in eyes, skin and
respiratory system

There are high levels of irritancy symptoms in the
data presented in Figure 1, including eye irritation
(76%) and skin problems (58%). These are consistent
with exposure to an irritant, but this may not be the
only cause (for example, they could also be caused by
the low humidity in aircraft during flight). There are
some gender differences, although these could be
related to gender sample sizes.

Similarly, a number of the symptoms in Figure 2 show
respiratory irritation, with 64% of respondents
reporting breathing problems (75% in females) and
48% reporting chest tightness/wheezing,

There are problems in categorising self-reported
symptoms such as breathing preblems or respiratory
irritation. There are some gender differences in the
data, with apparently high rates of respiratory
irritation in females.

Adverse tespiratory health effects from exposures to,
among others, oxides of nitrogen, ozone, sulphur
dioxide and particulates either singularly or in
combination, such as in exposure to aviation fuel or jet
stream exhaust, have been known for some time.'**"
Tunnicliffe et al found an association between high
occupational exposures to aviation fuel or jet stream
exhaust and excess upper and lower respiratory tract
symptoms — in keeping with exposure to a respiratory
irritant.” In their study, 51% of aviation workers had
upper and lower respiratory symptoms, including
cough with phlegm and runny nose.

Gastrointestinal/renal signs and
sympfoms

Nausea and vomiting are relatively common
symptoms, and were reported by 58% of respondents.”
In most cases these symptoms were associated with
intensifying gastrointestinal symptoms (mainly in
females) of abdominal spasms (20%), abdominal pain
(10%) and diarrhoea (28%) (Figure 3).

Neuropsychological and neurological
signs and symptoms

Symptom reporting rates were high for many
neuropsychological symptoms, including intense
headache (86%), dizziness and disorientation (72%),
performance decrement (including changes in
cognitive function) (70%), memory and recall
problems (66%), and balance problems (62%) (Figure
4). Other symptoms, such as anxiety (50%) and
depression (40%) are more global and harder 1o
interpret. The consistency of neurological symptoms
is quite striking, suggesting neuropsychological
impairment of a general nature, as seen, for example,
in exposure to volatile organic compounds,
organophosphate compounds or carbon monoxide.
The significance of such phenomena remains
problematic.

While neuropsychological effects are often dismissed
as being subjective or unquantifiable, intense
headache at 86%, dizziness/disorientation at 72%,
performance decrement at 70% or memory problems
at 66% are not symptoms that should be dismissed in
aircrew while performing their duties. The high rate
of respondents reporting such effects is difficult to
interpret, owing to the self-selection of respondents
to, and reporting bias in, this survey. However, the
incidence of neuropsychological symptoms in
aircrew, especially in females, appears excessive.

While self-reporting of neuropsychological or
neurological symptoms may contain elements of
subjectivity, the incidence in both genders of
neuropsychological or neurological symptoms such
as tingling (40%), tremors (30%), seizures or loss of
consciousness (14%) was based on the reporting of
symptoms after a respondent had been examined by
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FIGURE 1
Data on eye and skin irritation signs and symptoms
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FIGURE 2
Data on respiratory and cardiovascular signs and symptoms

Increased heart rate

Palpitations

Chest pain

Chest tightness/wheezing

Breathing problems

Chronic cough

Nasal polyps S
Rhinitis

Blood in phlegm on cough

| m Male

Nose bleed
Respiratory irritation T [,I;!FTFJ??
0% 20% 40% 60% 80% 100%

Respondents showing symptom (%)

J Occup Health Safety — Aust NZ 2002, 18(4): 321-338 329



FIGURE 3
Data on gasirointestinal/renal signs and symptoms
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their medical practitioner (Figure 5). These are
significant symptoms that point to a toxic aspect of the
exposures reported by respondents. Further, there may
be a neurotoxic component to other symptoms, such
as vision problems or disorientation or balance
problems.

Reproductive signs and symptoms

There were 36 female respondents. All were of
reproductive age, and many were planning to have or
were having families during the time of their
employment. Working women tend to have a lower
fertility rate than non-working women, although this
is for employment rather than biological reasons.”
Fertility rates are falling in the developed nations for a
range of reasons, and are estimated at 7-10%.* The
data from respondents for reproductive symptoms are
shown in Figure 6. Infertility was reported by 33% of
respondents. This appears to be above population
1norms.

Menstrual dysfunction (variously reported as heavy
periods, irregular periods or dysmennorrhoea) was
reported by 28% of female respondents, miscarriage by
14% and multiple miscarriage by two respondents. Of
particular significance is the problem of neonatal death
in two respondents and genetic problems in the
offspring of three respondents. While the sample size
is small, these are noteworthy findings.

General signs and symptoms

As well as signs and symptoms in specific organ
systems, a range of multi-organ or general symptoms
was reported (Figure 7).

Joint pain (arthralgias) and muscle pain (myalgias) are
common symptoms resulting from a variety of disease
processes.* Despite the poorly understood
pathogenetic mechanisms underlying myalgia and
arthralgia, they are common in chronic fatigue and
chemical sensitivity syndromes.
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FIGURE 4
Data on neuropsychological signs and symptoms
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FIGURE 5
Data on neurological signs and symptoms
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FIGURE 6
Data on reproductive signs and symptoms
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Of the symptoms reported in this survey, exhaustion
was the second most common, being reported by 78%
of all respondents (89% of female respondents).
Fatigue is an established hazard in aviation — from
the perspective of the impairments in alertness and
performance that it creates in pilots.” The exhaustion
reported by respondents escalated into 72% of
respondents reporting chronic fatigue. Prolonged or
chronic fatigue is reported by about 25% of all
patients presenting to Australian general practice.®
Such fatigue states represent a continuum of severity
ranging from the mild and transient symptoms
through to the more rare, severe and prolonged
fatigue disorders. In about 1% of patients attending

. general practice in Australia, the fatigue state will
meet diagnostic criteria for chronic fatigue
syndrome.” Figure 7 shows chronic fatigue at 36% for
males and 72% for females. While there may be
differences between diagnostic criteria for, and self-
reporting of, chronic fatigue, these rates (particularly
in females) are still very high.

A second cluster of symptoms was observed with
chemical sensitivity. Allergies were reported by 34%
of respondents, altered immune problems by 36% of
respondents, and chemical sensitivity by 72% of
respondents (83% of female respondents). Again,
these are high rates that would almost certainly be
well above any population background rate.

The co-occurrence and overlapping of many of the
symptoms reported by the respondents is in keeping
with comparable investigations. Co-morbidity of
chronic fatigue, irritable bowel syndrome, chemical
sensitivity, chronic headache and other unexplained
conditions has only recently been systematically
studied.” Comparative investigations in referral clinic
populations have reported that in 53-67% of persons
with chronic fatigue syndrome, illness worsens with
exposure to various chemicals. Many patients with
chronic fatigue syndrome also have irritable bowel
syndrome (63%), multiple chemical sensitivity (41%)
and other unexplained illness.”
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FIGURE 7
Data on general signs and symptoms
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The US questionnaires

Eighteen questionnaires were submitted from
respondents with addresses in North America (16
female; two male). Again, these were analysed
descriptively. Rather than presenting the same data
again (as in Figures 1 to 7), the symptom incidence
for each symptom was plotted using an XY
scatterplot, with the horizontal axis (X-axis) being
the Australian symptom percentages and the vertical
axis (Y-axis) being the US percentages (Figure 8).

These data show a number of symptoms where there
is some difference between Australian and US
symptom incidences, although in a few cases these
outliers suggest diagnostic differences between the

two  countries  (for  example, chemical
sensitivity/allergy). Nevertheless, there is a
remarkable correlation between these data

(correlation coefficient r = 0.859, r* = 74%).

Discussion

The term “aerotoxic syndrome” was proposed in
1999 to describe the association of symptoms
observed among aircrew who have been exposed to
hydraulic fluid or engine oil smoke/fumes.**

With regard to the use of the term “syndrome”, this is
used to describe a set of symptoms that occur
together, although generally there is no specification
for the type and number of symptoms. Further,
experience would suggest that the range and types of
symptoms in such a symptom cluster would not be
large.”

With regard to exposure to contaminants, while such
exposures were not common, they were relatively
frequent in certain models of aircraft. This study
found two main types of expesure:

1. an “exposure event”, where there was at least one
self-reported intense exposure to contaminated
air from an engine oil or hydraulic fluid leak; and
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FIGURE 8
Comparison of Australian and US symptom incidences
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2. self-reported residual exposure to odours and
non-visible contamination.

While the majority of exposure events occurred
during flight, it should be stressed that a number of
leaks and exposures occurred on the ground. Engine
seals are less efficient during engine warm up, during
ground manceuvring, and during transient
operations (acceleration/deceleration). Further, prior
to 1998, an operational procedure on some models of
aircraft called an auxiliary pack unit burn out was
carried out every day, whereby heated engine air was
pumped through the passenger cabhin to
decontaminate heat exchangers, air ducts and filters.
While operational procedures expressly excluded any
person from being on the aircraft during pack burns,
from 1992 to 1997 it was common for [light

attendants to carry out early morning pre-flight
checks on aircraft during pack burns — therefore,
aircrew were exposed to contaminants. So, although
major exposure events occurred during flight, ground
operations should not be excluded as a source of
exposure.

Although it was not possible to quantitatively assess
exposure during exposure events, descriptions from
visible haze to dense smoke suggest significant
exposure.

Immediately after exposure, the symptoms are
essentially those that can be observed in individuals
who have been exposed Lo toxic irritants, such as eye
irritation, respiratory irritation, headache and other
short-term neuropsychological effects, skin problems
and nausea. These symptoms usually recede after
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cessation of exposure. At least two Australian airlines
have admitied that exposure events are significant
enough to produce symptoms of irritation.”**

However, it became apparent during this study that
not all symptoms receded following cessation of
exposure. Some existing symptoms became more
debilitating, for example, headaches became so intense
that they lasted for weeks and would not respond even
to the most powerful over-the-counter analgesics.
Neuropsychological — symptoms became more
generalised and affected more functions, with
cognitive symptoms and recall problems becoming
more significant. Skin itch became skin rash.
Respiratory irritation became chest pain and/or
difficulty in breathing. The intensification process was
more likely to occur if exposure continued but,
occasionally, would intensify even if exposure had
ceased.

In addition, new symptoms began to emerge,
including chronic fatigue, parathesias and numbness,
myalgias, arthralgias, alcohol and food intolerances,
and chemical sensitivity. Most of these symptems
continued even after exposure had ceased. Further,
these and many of the neurological and
neuropsychological symptoms worsened.*"!

The number of cases that emerged over the 1996 to
1999 period in Australia, North America and Europe
became significant — to the extent that an
appropriately designed epidemiclogical survey of
aircrew was needed. The possibility of an industry-
sponsored study seemed unlikely Therefore, the
present independent survey was conducted.

This survey comprised 117 individuals who
nominated themselves to be entered into a database to
receive a copy of the survey questionnaire. There were
no criteria used to select study participants. The
survey was carried out after a well-publicised
Australian Senate Inquiry into air quality in the
aviation industry, and this may have increased interest
in some individuals to self-nominate.” The fact that so
many respondents who had flown on those aircraft
where engine leaks had occurred returned
questionnaires was not intrinsically part of the survey.
It is almost certain that sell-nominations occurred

through word of mouth as a result of contacts in the
Australian aviation industry, and it is for this reason
that there is a selection bias in the study respondents.
No claim is made to suggest that the respondents in
this survey are representative of any group in the
aviation industry. The respondents represent
themselves.

The survey questionnaire was designed to be neutral
and contained no leading or biased questions. It was
finalised after a trial with 10 aircrew. Eventually, 50
individuals from Australia returned completed
surveys. Analysis of their surveys established similar
findings to earlier studies (for example, see Table 1)
with a moderate-sized group of respondents. Eighteen
respondents returned questionnaires from North
America — these were analysed separately.

In most cases it is not known whether the respondents’
self-reporting was subjective or based on objective
clinical or laboratory findings. This is a shortcoming of
the survey. For example, the number of synonyms that
exist for fatigue, that is, lack of energy, weakness,
sleepiness, tiredness, lassitude, exhaustion, and so on,
indicate the problems of assessing just one symptom.*
In many cases, objective criteria exist for physicians to
use in the diagnosis of such conditions. In some cases,
respondents knew this and reported accordingly.

Patient diagnosis may also have been inlluenced by
practice patterns in which their physicians specialised,
that is, they reported symptoms diagnosed by
specialists (not themselves). In other cases, agreement
on case definitions of certain symptoms is not
universal.* This overlap of symptoms and syndromes
makes diagnosis complex.”

Conclusion

The range of epidemiology studies varies, and the
predictive power of each type of study varies
depending on design and methodological, analytical
and interpretational factors. This survey was a
descriptive survey of a group of non-representational
individuals who qualitatively described workplace
exposure scenarios and self-reported symptoms from
such exposures. For this reason, no attempt has been
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made to ascribe causality or make inferences of a
general nature. However, even with such procedural
limitations, it was possible to draw a number of
conclusions from this survey:

1. The hydraulics and lubricants used in the aviation
industry contain a number of irritating and toxic
ingredients.®

2. This study has shown that exposure to such
contaminants, if they get into aircraft cabin air, can
produce symptoms of toxicity.

3. The symptom clusters in aerotoxic syndrome can be
described. These are:

— symptoms of dysfunction in neurological function
immediately after intense exposures, including
loss of positional awareness, vertigo and loss of
consciousness. If these symptoms occur in a pilot,
they are a significant aviation safety problem;

— symptoms of skin, eyes, nose and respiratory
irritation immediately after exposure. Further
exposures exacerbate the symptoms, often leading
to other respiratory and cardiovascular effects;

— symptoms of  gastrointestinal  discomfort
immediately after exposure. While these recede
with cessation of exposure, there is a suggestion
that nausea and diarrhoea can persist;

— some  symptoms of  impairment of
neuropsychological function immediately after
exposure, such as headache, dizziness,
disorientation and intoxication. These symptoms
become more debilitating after time, with
problems of loss of cognitive function and memory
problems emerging;

— general symptoms of exhaustion progressing to
chronic fatigue. It was common for respondents to
spend layovers, weekends and holidays sleeping for
days to overcome the symptoms of exhaustion; and

— general symptoms of immune suppression
developing some time after exposure, including
food and alcohol intolerances, allergies and
chemical sensitivity. These symptoms worsen with

continuing exposure and may worsen even after
eXposure ceases.

Where symptoms of discomfort, irritation or toxicity
occur, this breaches airworthiness legislation.

4. Many surveys of workers report that working
populations generally enjoy a higher level of health
than the populations from which they arise. This is the
“healthy worker” effect, a commonly observed
phenomenon by which lower death rates (or injury or
disease rates) are observed in workers relative to the
general population.”®* While this may be due o a
selection bias problem, the aircrew in this survey had
incidences of symptoms at much higher rates than
population backgrounds — suggesting (in many cases)
that they were unhealthier than the general
population. However, as aircrew undergo regular
health checks (pilots regularly, flight attendants less
s0), the levels of fithess and health in such individuals
should be better than population norms.

5. There are a number of results from this study that
require further investigation — particularly the
findings of neurological impairment, respiratory
system effects, reproductive dysfunction and other
long-term effects.

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

There is also a hidden issue. Airline staff in Australia
are worried about job security and what might happen
to them if they complain about working conditions
and make their symptoms public. This is especially
apparent following the demise of a major Australian
airline. At present, with only a few cases proceeding in
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the courts, little compensation has been awarded to
airline workers affected by toxic gases, vapours and
fumes. Therefore, many crew are flying while further
compromising their health and safety, and will only
come forward when they become concerned that they
may not be able to continue flying, or worse, when
they are no longer able to fly.
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JET FUELS JP-4 AND JP-7 7

2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health.officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective of the toxicology of jet fuels JP-4
and JP-7 and a depiction of significant exposure levels associated with various adverse health effects.
It contains descriptions and evaluations of studies and presents levels of significant exposure for JP-4

and JP-7 based on toxicological studies and epidemiological investigations.
A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living or working near hazardous
waste sites, the information in this section is organized first by route of exposure- inhalation, oral,
and dermal-and then by health effect-death, systemic, immunological, neurological, developmental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the
studies. LOAELs have been classified into “less serious” or “serious” effects. These distinctions are
intended to help the users of the document identify the levels of exposure at which adverse health
effects start to appear. They should also help to determine whether or not the effects vary with dose

and/or duration, and place into perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the tables and figures may differ depending on the
user’s perspective. For example, physicians concerned with the interpretation of clinical findings in
exposed persons may be interested in levels of exposure associated with “serious™ effects. Public

health officials and project managers concerned with appropriate actions to take at hazardous waste
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sites may want information on levels of exposure associated with more subtle effects in humans or
animals (LOAEL) or exposure levels below which no adverse effects (NOAEL) have been observed.
Estimates of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be of interest to

health professionals and citizens alike.

The jet fuels JP-4 and JP-7 are liquid military aviation turbine fuels whose composition varies slightly
with the nature of the crude petroleum from which they were derived (Dukek 1978). Jet fuels derived
from crude oil, the common name for liquid petroleum, are referred to as petroleum-derived jet fuels.
Jet fuels derived from an organic material found in shale that can be converted by heat to shale oil are
called shale-derived jet fuels. JP-4 is a wide-cut fuel; this is a refinery term indicating that it '}s
distilled from crude oil using a broad temperature range and consists of hydrocarbons in a wide range
of chain-lengths (4 to 16 carbons long) (Air Force 1989b; CONCAWE 1985). It was developed by
the U.S. Air Force in order to ensure fuel availability in times of war (Dukek 1978; ITC 1985). JP-7
is a kerosene with a high flash point and is used in advanced supersonic aircraft. The jet fuels are
blends of various hydrocarbons, including alkanes (paraffins) and cycloalkanes (naphthenes),
aromatics, and olefins, as well as small amounts of compounds such as benzene, n-hexane, and

polycyelic aromatic hydrocarbons.

The purpose of this chapter is to consider the toxicological effects of exposure to the mixture JP-4 or
JP-7. Exposure to jet fuel components, exhaust, or combustion products will not be discussed. For
information concerning the possible toxicity associated with exposure to some of the individual
components of jet fuels, the reader is referred to the ATSDR toxicological profiles for benzene
(ATSDR 1991a), toluene (ATSDR 1990), total xylenes (ATSDR 1991c), and polyeyclic aromatic
hydrocarbons (ATSDR 1991b). In addition, because of the variable composition of the jet fuels, the
molecular weights are unknown (Kinkead et al. 1974).

2.2.1 Inhalation Exposure
2.2.1.1 Death

No studies were located regarding death in humans after inhalation exposure to JP-4 or JP-7.
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Exposure of Sprague-Dawley rats to concentrations as high as 5,000 mg/m’ shale- or petroleum
derived JP-4 for 4 hours did not result in any mortality or apparent toxic signs during the 2-week

post exposure holding period (Clark et al. 1989).

Intermediate-duration exposure of rats and mice to concentrations of JP-4 as high as 5,000 mg/m’
resulted in death in 1 of 40 exposed mice and 1 of 50 exposed rats, between 4 and 6 months after the
exposure was begun (Air Force 1974). It was concluded that exposure to the test substance was
probably not responsible for the deaths of these animals since two unexposed mice and one unexposed
rat also died and because there were no abnormal histological findings in the rat. No deaths occurred
when dogs or monkeys were exposed to similar JP-4 concentrations for 8 or 6 months, respectively

{Air Force 1974).

No increase in mortality was seen in chronic studies in which mice and rats were exposed
intermittently (6 hours/day, 5 days/week) to as much as 5,000 mg/m’® JP-4 (Air Force 1981i; Bruner et
al. 1993) or in studies where rats were exposed to 750 mg/m® JP-7 (Air Force 19828, 1983e, 1991).
Additionally, no increase in mortality was observed in rats or mice 12 months after chronic

intermittent exposure (6 hours/day, 5 days/week) to 5,000 mg/m’ JP-4 (Bruner et al. 1993).

2.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal, dermal or ocular
effects in humans or animals after inhalation exposure to JP-7. No studies were located regarding
gastrointestinal, musculoskeletal, dermal or ocular effects in humans after inhalation exposure to JP-4.

No studies were located regarding musculoskeletal or dermal effects in animals after inhalation

exposure to JP-4.

The highest NOAEL values and all reliable LOAEL values for systemic effects for each study and end
point are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. No studies were located regarding respiratory effects in humans after

inhalation exposure to JP-7.



10

2. HEALTH EFFECTS

(ybiem Apog
pasesaloap paywadsun) Q0§ mprg

(Ayyedosydsu

ulinqo|B-rig-eydje

0} pajejal

SJSED Jejngn) [eus)

‘wnyjayyde JeINgn} [BUS)

jo uopesauabep auleAy) W 005 4 0001 [euay
0001 onedsH
000t OleulsH paY $2
Uzad)  #-ar Amyp 2 (bve Jeyosig)
qyees| 80104 Ay 0001 dsay p 06 e €
00§ IM Pd
4 0001
: (1ybrom
feuppy paseaioul %ze) N 000+ W 00S [eusy
(wyBrem
10A] pases108p %6) W 005 4 0001 onedaH pAY +E
(3d)  t-dr Awp L (rve 1eudstd)
086 82104 JIY 000} OjewaH P 06 e ¢
0005 IM Pd
0005 onedaH p/AY 9
p-dr AMP G (snseyw)
261 82104 IV 000§ ojewsH owg Kosuoy 1
RITTEI TS
FHNSOdX3 F1VIA3WHILNI
uiiod [eajuayd (gwyBuw) (euy/bu) (ewyBus) washs Kouanbauy (uBs)  anby
aJualajey snojag SNORS $$97 T13VON juopeinp  fsepdeds 0 Kay
Tavol fainsodx3y

JET FUELS JP-4 AND JP-7

uonejeyu| - Z-dr PUE p-df* /s|end ler o} ainsodx3 weoyiubis jo sjeAe “|-Z I1aVL



11

JET FUELS JP-4 AND JP-7

2. HEALTH EFFECTS

0001 BYI0
0001 [euey
0001 oiple) P/ 2
(13d)  tdr WP L (eibeag)
qpg61 89104 Iy 0001 dsey p 06 Bog 8
0005 M pg
{(Aupbeyy 1190 poojq pai
paseaiou| paljioadsun) 4 0005 4 00sz
W 0005 oleweH
(sisowd) 000§ 002 onsen Py 9
pdr AP S (eibeea)
161 82104 Iy 0005 dsay ow g Bog ¢
4 0001 [eusy
(uonereusbep Aney) 4 q005 onjeday pAY ¥2
(3d) t-dr wyp L (918£59)
are6L 92104 Ny 4 0001 dsay P 06 asnop 9
pAY ¥2 v
Am/p L (prE I8y
1661 ﬁmuw Sﬂuh W 000} dsay p 06 'Y g
0001 M Pe
(Ayjejowso auun
pesealoap %9z ‘Wybiem
feupiy pasealoul %6L) N 005 4 0001 Jeuay
(wbiam
1on) peseeioul %11) W 005
(wBrem
Jan| paseatoul %5) = 000} 4 00$ opedai Py ¥2
(HS)  t=dr AP £ (pyE s8uost)
opg6L 82104 Y 0001 oleway p 06 11-TS R
[(TCEYCEINTENE) (gwybu) (Ew/Bw) (ewy/Bw) wayshs Aouanbaiy (uens)  aunby
29uaJajay snoles SNOas $5a7 13VYON Juopeinp /sajpads o} han
Rinsodx3y e

13VoT

(Panunuo2) UOHEEYU] - Z-df PUE p-d[ /SIand o1 0} ainsodx3 Jueoyiubis jo sjane “|-z 318VL



SN

12

JET FUELS JP-4 AND JP-7

2. HEALTH EFFECTS

(HS)  p-dr
PY861 80104 1)y

p-dr

.61 82104 1y

y-dr
V461 82104 1Y

(s1et pie
18yosi4 1o} ybiam siisal
pasealoul %E 06 Aep 18) N 0001

{(Ananoe
passeidep payloadsun)  00S2

(Auanoe
pessaidap paypadsun)  00SE

PAY ¥Z  (W-O ‘reisim
3P L 'a-S 'vre-d)
P 06 ey L1
aAnonpoaday

pAYy 9
AP G (eibeag)

ow g Bog ot
PAY g

NM/P S (snsayy)
ow g Aasjuopy 6

|eaibojoinapn

1o [edjal)
s0ualajey

{gw/Bur) ﬁmEsWEu {gwy/ou) wayshs
snojas SNOj1as §837 13vON

13vVoT

Aouanbay (uiens)  asnby
juojeinp  ssappads o) Ay
pinsodx3 £

(panunuoa) uonejeyu| - Z-dr pue y-dr /s19nd 1ar 0} amnsodx3 juediubis jo s|pAsT |- 319VL



13

JET FUELS JP-4 AND JP-7

2. HEALTH EFFECTS

000S Mpg
(susodep [eseuiw 4 000S
Aejnpaul ‘sejyiedoydeu
aAissalBboid piw) W 0005 W 0001 [eusy
0005 oneday
(Ajeanoedsas ‘sejews pue
selewsy ul DM Uesl
paonpal %pg pue £2)  000L ojewsay p/ay g
el MWP G (PPE 18UdsId)
£661 °[@ 1@ 1eunug 0005 dsay ow gL jed €1
(pousd
Apnis ey inoybnoayy,
aseasap payadsun) Q5L M P8
0S4 Jeinop
(NNg pasealoul
%€l pUE uoneZI|jeIsuIW
1e|ngny'sisoaydauciphy
‘uofjewLoy
tajdosp auiedy) W 051 4 052 [euay
(sajewsy ut ybiom
18A]] 8Jnjosqe pasealoul
%6 ‘Alaanoadsal
Sa|ewsa) pue saew
u) asejeydsoyd suiee
posealoul %6z PUBLE) 20§t aedeH
(unoo
OdM pasealoap %31) W 05 4 052 olewsH pPAYy 9
2-dr WP G (PFE 1e1osid)
1661 82104 Iy 0S. dsey Ky ey <1
olusAs
FJHNSOdX3 JINOYHO
W0 [eojuiayd (ewybw) (ew/Buw) EWAL]  Lashs fouenbaly  (uens)  amby
aosuasajey snopes Snojias s$sa7 T3VON fUopeInp  ssappadg o Aoy

13avon

/fainsodxg

(panupuos) uoneleyy] - Z-d pue p-dr /siand J18r o} ainsodxg juesijiubis jo sjeaa *1-z 319VL



/
14

2. HEALTH EFFECTS

JET FUELS JP-4 AND JP-7

0008 Mmpga
000S [eusy
(serenjyul Aoyewweyju;
onfAsoydwy
peseaioul %/€) 4 0005 4 0001
W 0005 oneda
(uonewwepu Aeuowind
pliw paseaioul _
%LZ 4 "eisejdiadiy PAY 9
p-dp 10Np |BLLDE|0SBU MMP G (918252)
E66L “[e 1o seaunug pasealdul 9%8¢E _S: Q001 Qmmm_ owglL OSNoO 44
(eisejdiadAiy
l1eo Jensdea PAY 9
2-dr [euaipe Jo aousapiou| 3M/P S (9na2s2)
L6 82104 1Y peseaioul %geb) 4 0§51 W 0SL 100puz KL Bsno 9t
(pousad PAY g
2=dr elnsodxe-)sod yjuow-z| WM/p G (9m18£50)
L661L 82104 1y laye uojewweyul) 4 051 W 054 onede KL asnopw St
' 0001 M Pg
(eansodxe-1sod
syjuow Z| - sejew
10 %¥ 1 uj syisodep
jesauiw Arejnpaw
paseauou; ‘Ajaaipoadsal
- S9|BWSa) pue
selew ul ybrem Asupny
peseeiepy0L pPue ¢)  000L [euay
(eansodxe-jsod
syuow Z| - ybiem
1| paseadsp %L1) W 0001 4 000S onedaH P/Y 9
edi WP G (FrEseudsL)
£661 "|e 18 Jaunug 0005 dsay owgl e vl
lod jeajuayn (ewybuw) (puybui) (guuybus) wayshsg Aauanbayy {uens)  anby
GEITEIGIETT] snoypeg SN0|I3s 5597 13VON pogenp  sajgeds o) Aey
jeinsodxg =

REL(on]

(panupuoo) UOREIEYU| - J-d PUE p~df* /SNd j18p 0} einsodx3 ueayiubig Jo sfeAa °1-Z 318VL



10

15

2. HEALTH EFFECTS

JET FUELS JP-4 AND JP-7

p/Yy 9
¥-dr NM/P G (9719250)
€661 e je 1eurug 0005 owgl asnow 12
) (eansodxs-isod
syjuow zj - Saewsay jo
%GE U spuejb Aewwew
ays jo eisejdradAy
oansho pasealou ‘sejews
JO 925 uI areysord pAay g
P-dr* ey} Jo uojjeseusbap NMP G (¥pe 1eyosid)
661 T2 10 Joung onsho peseasou) 0005 owzgi led o0z
aAnonpoasday
PAY 9
p-dr (bem IMP G (bPE Jayosid)
£661 [ e teurug uee|ds pesee.dut %pz) 4 0001 W 0005 owgl 'Y 6l
JoydwAounuwy
000S IM pPd
000S |eusy
0005 ojedsH p/Y 9
p-dr NM/P G (91a50)
£661 ‘218 Jeumng 000S dsey ouw z| asnop st
wioj [EoWayd {EwyBui) {ew/Buw) EWBW)  Lioehs Aowsnbo  (uens)  emby
sousiajey . snojiag SNOLIas 5887 13VON fuopeinp fsopads o) hay
13vo finsodxgy L

{penuguos) uone[eyu| - I-dr pue p-dr /sjang 15 0} ainsodx3 juesyiubis jo sppAa 12 31aVL



16

JET FUELS JP-4 AND JP-7

2. HEALTH EFFECTS

“(s)yeam = xm {190 poojq auym = g “Aemeq-enbelds
= (1-§ ‘panusp-ajeys = HS ‘Aiojendsas = dsay paAusp-unsjonad = | 34 [[9AS] 108)j8-9S19APE-9|BAI9SqO-0U = TIVON ‘(s)yiuow = ow ‘uigojfowsy tenosndiod
ueaw = HOW ‘efew = | ‘lapusiy-awioqso = W-O ‘I %0S 01 awl} = 0517 ‘[9A3] 108))a-aS19Ape-3|qeAlasqo-1semo] = 13v01 2-uejadoid 18l = z-dr {p-luejiedosd

18l = p-dr “epnonaloydwAjjesiBojounww = JoydwAg/ounww) {(shnoy = 1y ‘uigojbowsy = goH ‘[esibojolewsy = ojewsay ‘jusojewsy = | HH ‘[eunssjuionsed
= 01]SBL) ‘pie 18yosH = phe-4 !elewa) = 4 {(s)Aep = p {|9As] 10aye 19oueD = 130 UeNoseaolpled = oipien ‘uabosyu eain pooiq = NNg Wbiam Apoq = I\ PE

‘amnsodxa uelny o} [eunue woly Buleauos 10} £°¢ Jo Jojoe) B Ag paydninu

pue (Ayjgeuea uewny 1o} g pue ‘vonejodenxa satoadsialul 104 € “1IVOT € JO 8sn 10} 01) 00E Jo Jojoe} Qjuiepaoun Uue AQ papialp UolEIUSoU0D pajsnipe

{1y vgiy 9 x p 4P & X JwyBuw gg1) Buisop snonujuod o} uspiuLBiUl Woy pajsnipe uolenusduos ‘w/Bul €0 JO THIN UOHEBYUI J1UOIYO B BAUSP 0} Pas(),
‘aunsodxa uewny o} jewjue wolj Bulaaucd o} /°G Jo Jojoe) B Aq pandijnw pue (Aujqeuea uewny foy 01 pue ‘uonejodenxa saioadsiaiul 10}

€ "TaV01 B jo esn 10} 01) 00E Jo Jojor) furensoun ue Aq papiap uonenuaosuod ‘Wb 6 jo (THI) 19A8] YSu [euiuiy uole[eyU! SJBIpSULIBIUL UB 8Alep O} pas(,
“}-2 ainbi4 ul sauus o) spuodsanod 1aqunu ayj,

(aunsodxa-jsod

syjuow g| - pAaY 9
v-dr sa|ew Jo % /¢ ul Aydone NMP § (918259)
€661 "le Je seung lejnonsa) pasesasoul) W 0001 4 0005 owgl asnop 22
Wio4 [Eajayy (guyBur) {ewybw) (G2 R fousnbel  (uems)  emby
ELEIETEYT SNOLag SNOJI9S 5537 . “13VON jopeanp  ssappadg o) Aay
. RET L) feinsodx3 N

(Penunuos) UOREIEYU| - J-df PUB p~d[* /S|3Nd 19F O 2insodx3 Juedyiubls jo sjeaeT °L-Z I1aVL



17

JET FUELS JP-4 AND JP-7

2, HEALTH EFFECTS

"palou esivIBYIo SS8jun 8insodxe p-dr juasaidal suiod jivyg )
“1-2 ©|gey ul seuus 0} spuodsenod juiod Yoea 0} Ixau Jaquinu sy
A
180UED UBY) JBUJ0 "
S10844@ 10} |[9AB] ySU [BlLIUIN - 4
Aexuowy
fog p
(srewiue) 1avoN O esnop w
(srewyue) sjoeye snoues sse| 10, 13v0T @ j|eyY 1 A
i
Ay | — O}
I
I
I
I
I
i
" — 001
I
I
g 1z 17 1€ 2 g “ I 12
* 0O 000 000
1L pg I wg  JZpg ig iy ig iz ] 5§ wg
L)) O O O ©O O 000 O %Omo — 000°}
POL Y6 pL PL
O 0 O O
AL pL AL PL AL PL Pz
B (& O 00 © O
—_— —l 000'0t
> S O 2 5O x> X D NP 3O
40@ «0@ X %o éO@ &09 &@@ J;mué /«%\ P (cw/Bu)
&£ Xe) ¥ T N & ™ O RS o
S o 2 N &N L o*
& & L& F
) N & N 4@/
N
JIWBISAS

(sAep y9g-61)
ajeipaulaly]

uolejeyu] — £Sjon4 19 0} ainsodx3g juedyiubig jo s|@Aa] “|-g ainbi4



18

JET FUELS JP-4 AND JP-7

2. HEALTH EFFECTS

“palou BSIMIBLIO SSB|UN BInsodxs p-dp jueseidal syuod livg ] Lo
A
*|-g 8]qeL Ul seujue o} spucdsanoa juiod yoes o} Jxeu Jaguinu ey] “
A i
190ueDd ueyl Jayjo ! I
S1084@ 10 [OA] SU [BWILIN | . —1 L
Aasuopy __
Boa p i
(sreunue)13voN O esnoyy w “
(sfewsiue) sjoeye snopes sse| 10} 73V0T ey 1 __
Ray| ; — 0t
I
I
I
;
L-dr L-dP Z-dr L-dr! Z-dr
zZL 2L wglL  wgl | 1z — 00}
O © © 00 ©
L-dr
Z-dr ui L-dr
izt A8
ige 6L vl O gl Wl WLyl el Qust
© © O O 0 00 © © — 000t
102 il wgl wylL wgl w/| wgl Iyl wgl
(ON )] 0000 (ON 110)] 000 Q00O
wlg gl Wiz gL gL gL
= —l goo‘ol
o R & & P 2 ) S €
S8 o @a%r > 7o o
& N & & A
.0 4
olwelsAg
(sAep gge3)
aIuoIy)
A—UOSCECOUV uoljejeyuj — ¢Ssjondg 1o 0} QthDQKm w:mwo_“—._:m_w JO S|9ABT “|-¢ Quﬂm_n_



ISVEVLVA IHL JO ADVNDIAY 62
TIXOL ONIDNA3Y Y04 SO0OHLIN B'E

SN 38V LVHL SNOLLYINdOd £'2
TUD YIHLO HLIM SNOILDWYIINI 92

UMY 3ENS04XT 10 SUDIUVIOIE §°2

HIV3H 2NaMd OL 3ONYAI3E #'2

SOLANIAODIXOL £'2

"D3443 HLTV3H 40 NOISSADSIa 272

NOLLDAGOYLNE T2

soipmg Buisg e

jewuy
B @ @ [eudag
810
p . P o | uonereyuy
) N DAL
%% %@%%%
ﬁ
@4 o_zmw@a
£
Q;v
O

UBINH
E0IN Ty
180
uoneeyu)
S AT % %
S .mv ..
.%M%z@v@ & %/a%oo £ a% %
/P .wmo ) >
% ) -
&,
U_Em_nw}m
N
N
)
.aso_.s., asa_ﬁ.:iﬂ.. sieejdian wooz - >ouBlon | BloA :
s B , R v e A 3
(55 ueA i uibed) S|EWIVE Uo [ang g3-g/dy [3] W) ( b



