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Abstract
Objectives—To assess the prevalence of
respiratory symptoms and to measure
spirometry in a sample of employees of
Birmingham International Airport,
United Kingdom, to examine whether
occupational exposure to aircraft fuel or
jet stream exhaust might be associated
with respiratory symptoms or abnormali-
ties of lung function.
Methods—Cross sectional survey by ques-
tionnaire and on site measurement of lung
function, skin prick tests, and exhaled
carbon monoxide concentrations. Occu-
pational exposure was assigned by job
title, between group comparison were
made by logistic regression analysis.
Results—222/680 full time employees were
studied (mean age 38.6 y, 63% male, 28%
current smokers, 6% self reported
asthma, 19% self reported hay fever).
Upper and lower respiratory tract symp-
toms were common and 51% had one or
more positive skin tests. There were no
significant diVerences in lung function
tests between exposure groups. Between
group comparisons of respiratory symp-
toms were restricted to male members of
the medium and high exposure groups.
The adjusted odds ratio (OR) for cough
with phlegm and runny nose were found to
be significantly associated with high expo-
sure (OR 3.5, 95% confidence interval
(95% CI) 1.23 to 9.74 and 2.9, 1.32 to 6.40
respectively) when the measured con-
founding eVects of age and smoking, and
in the case of runny nose, self reported hay
fever had been taken into account. There
was no obvious association between high
exposure and the presence of shortness of
breath or wheeze, or for the symptoms of
watering eyes or stuVy nose.
Conclusions—These findings support an
association in male airport workers, be-
tween high occupational exposures to
aviation fuel or jet stream exhaust and
excess upper and lower respiratory tract
symptoms, in keeping with a respiratory
irritant. It is more likely that these eVects
reflect exposure to exhaust rather than
fuel, although the eVects of an unmeas-
ured agent cannot be discounted.
(Occup Environ Med 1999;56:118–123)
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Concern about the possible adverse eVects of
environmental pollution is now widespread

and much of this concern has focused on the
role of atmospheric pollutants in respiratory
disease.1–4 There is now growing evidence for
adverse respiratory health eVects from expo-
sures to among others, oxides of nitrogen,5

ozone,6 sulphur dioxide,7 and particulates8

either singularly or in combination—such as in
motor vehicle exhaust fumes.9 10

It was suggested to us by patients with
asthma living near Birmingham International
Airport that exposure to aviation fuel or jet
stream might exacerbate respiratory symp-
toms. This possibility is supported by findings
linking domestic exposure to kerosene heat-
ers,11 and ambient volatile organic com-
pounds,12 with respiratory symptoms. We
hypothesised that exposure to aviation fuels or
jet stream might be associated with respiratory
symptoms and selected the workforce of
Birmingham International Airport as a poten-
tially suitable population in which to test this
hypothesis.

Occupational exposures to aviation fuel and
jet stream exhausts usually occur independ-
ently and if both agents are capable of produc-
ing respiratory morbidity, the patterns of
symptoms caused by each might be expected to
diVer. Jet exhaust emissions are very similar to
emissions from standard internal combustion
engines except that they do not contain oxides
of sulphur or lead. The eYciency of jet engines
is reduced during taxiing and combustion is
incomplete, resulting in higher emissions of
unburned hydrocarbons. Despite this, <0.1%
of hydrocarbons escape unburned even when
taxiing (P Walker, personal communication,
Rolls Royce, Derby).

Significant exposure of personnel to aviation
fuel is likely to occur only accidentally and
during refuelling operations. Transient plumes
of fuel aerosols may also be generated at the
time of engine ignition. As a consequence fuel
exposure would usually involve only a few per-
sonnel and then only intermittently. Review of
safety data13 14 and clinical research examining
the eVects of exposure to aviation fuel and
other volatile hydrocarbons15 16 suggest that any
eVects of such exposure might be expected to
be highly time dependent.

Methods
STUDY DESIGN

The study was cross sectional in design. Data
were gathered through a self administered
questionnaire and lung function and skin tests
were performed on site at a later date.

STUDY POPULATION

The airport is in the south east of the West
Midlands conurbation in the predominantly
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residential borough of Solihull. Most airport
employees live locally and commute to work
daily. All members of airport staV, excluding
contract workers and airline employees (pilots,
air stewards and stewardesses, check in staV)
were identified by the personnel department
and informed of the study.

EXPOSURE CLASSIFICATION AND RANDOM

SAMPLING

On the basis of oYcial job titles, all full time
members of the work force were classified by
one of the investigators (SP O’H) before the
morbidity survey, into three exposure groups
depending on their likely exposure to aviation
fuel or jet stream. The high exposure group
consisted of baggage handlers, airport hands,
marshallers, operational engineers, fitters, and
engineering technicians. All would expect to
spend a considerable proportion of their work-
ing day in close proximity to in service aircraft.
The medium exposure group consisted of
among others, security staV, fire fighters, and
airfield operations managers, who would ex-
pect to spend some of their working time on the
airport apron, some in reasonable proximity to
aircraft, and some within the terminal build-
ings. The low exposure group consisted of ter-
minal and oYce workers.

Random sampling was performed and those
identified were sent a questionnaire and asked
to visit a room in the main terminal building,
during their usual working shift, on any one of
five study days for measurement of lung
function and skin prick testing.

QUESTIONNAIRE

The self administered 76 point questionnaire
(available on request) was sent to subjects
through the airport’s internal mail system.
Demographic and employment details were
requested as well as information relating to
respiratory health, smoking, and family history.
Individual questions were taken from previ-
ously validated questionnaires—such as the
MRC respiratory questionnaire and the
IUATLD bronchial symptom question-
naire17—along with a series of study specific
questions about work patterns.

PULMONARY FUNCTION

Subjects’ dynamic lung volumes were
measured with one of two dry bellow spirom-
eters or by a pneumotachograph (Vitalograph,
Bucks, UK). Technicians were blinded to
exposure and the instrument used was ran-
domly assigned. The best of three reproducible
and technically acceptable blows was used for
analysis. European Community for coal and
steel predicted values were used.18

SKIN PRICK TESTING

Skin prick tests were performed with positive
(histamine) and negative control solutions and
Dermatophagoides pteronyssinus, cat, grass,
mixed tree, and Aspergillus fumigatus allergen
solutions (Pharmacia, Sweden). The mean
weal diameters19 were read after 15 minutes.
We defined a positive response to any allergen

as a mean weal diameter for that allergen larger
by >3 mm than that of the negative control
solution.

EXHALED CARBON MONOXIDE MEASUREMENTS

A hand held micro smokerlyzer (Bedfont
Scientific, England) was used to measure ex-
haled carbon monoxide concentrations. Sub-
jects were asked to inhale and then hold their
breath for 15 seconds, before exhaling slowly
into the meter.

ANALYSIS

Data from the completed questionnaires, lung
function measurements, carbon monoxide
readings, and skin test results were entered into
a personal computer. Analyses were performed
with Epi-Info version 5 (USD, USA) and Stata
release 3.1 (Stata, USA).

The results of the pulmonary function tests
and the responses to each of the following
questions were used as the main outcome
measures in the analysis.

x Do you cough ?

x Do you cough up phlegm from your chest ?

x In the past 12 months have you had irritation
or watering of the eyes?

x In the past 12 months have you had more
than two episodes of a stuVy nose ?

x In the past 12 months have you had more
than two episodes of a runny nose ?

x In the past 12 months have you had wheez-
ing or whistling in your chest ?

x On your worst day in the last 12 months,
were you troubled by shortness of breath
when hurrying on level ground or walking up
a slight hill ?

Respondents were also asked to record if their
symptoms improved on days away from work.

Prevalences for each of the symptoms were
calculated across the exposure categories, as
were the means of the percentage predicted
forced expiratory volume in one second
(FEV1), forced vital capacity (FVC) measure-
ments, and the exhaled carbon monoxide
results. Lung function and the mean exhaled
carbon monoxide values were compared by
analysis of variance (ANOVA), and the propor-
tions of subjects with positive skin prick test
results were compared by ÷2 test. Multiple
logistic regression was used to evaluate the
association between exposure group and symp-
toms, while adjusting for age, smoking, and
where appropriate, a self reported history of
asthma or hay fever. The data did not contain a
variable that independently reflected socioeco-
nomic status and a quantitative assessment of
past smoking could not be derived from the
recorded smoking related variables.

The study protocol was approved by the Bir-
mingham Heartlands Hospital ethics com-
mittee, subject to all participants providing
written consent before entering the study. The
approval of the airport management, safety
committee, and unions was also obtained.
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Results
STUDY POPULATION AND RESPONSE RATE

Figure 1 shows the study population and
response rate. Six hundred and eighty full time
employees were identified by the airport’s per-
sonnel department. On the basis of job title,
239 were categorised as the low exposure
group, 306 as medium, and 135 as high. Ran-
dom sampling resulted in 336 potential partici-
pants, 121 from the low, 137 from the medium,
and 78 from the high exposure group. In total,
222 of the 336 randomly sampled employees
returned questionnaires and completed the
study.

GROUP CHARACTERISTICS AND DEMOGRAPHY

Table 1 shows the demographic characteristics
of participants, duration of employment at the
airport, and the median time per day spent in
the aircraft taxiing area. Members of the high
exposure group spent most of their working
day in the aircraft taxiing area whereas
members of the low exposure group spent
almost none of their working day there; the
median duration for those in the medium
exposure group was 1 hour, validating the ini-
tial exposure classification. Comparisons
across exposure groups showed similarity for
age, duration of employment, and atopy, but
not for the other characteristics. The diVer-
ences in sex distribution between the groups
were considerable and reported smoking also

varied between groups. Exhaled carbon mon-
oxide results are listed by exposure group,
stratified by smoking; among the ex-smokers
and never smokers, the mean exhaled carbon
monoxide concentrations rose with increasing
exposure but these diVerences were not signifi-
cant. The proportion of subjects who reported
that they had asthma was small in each group
but the prevalence of self reported hay fever in
the low exposure group was around twice that
of the medium and high exposure groups; 28%
v 14% and 13% respectively (p=0.037).

LUNG FUNCTION

Table 2 shows the lung function results by
exposure group, stratified by smoking. There
were no significant diVerences in lung function
within or between the exposure groups.

CRUDE PREVALENCE OF RESPIRATORY SYMPTOMS

Table 3 lists the crude prevalences, by exposure
group for the seven symptoms used as the main
outcome measures. We had hoped to be able to
compare these crude rates across the exposure
groups, but the diVerences in the group
characteristics suggested that any such com-
parisons should be treated with caution.

CRUDE AND ADJUSTED ODDS RATIOS

To enable more valid between group compari-
sons we adopted a strategy of restriction
followed by the use of multiple logistic

Derivation of exposure groups.

760 Employees identified by personnel department

80 Part time workers excluded

680 Employees classified into exposure groups available for sampling

336 (49%) Sampled

Sampling fractions

Low Medium High Totals

121/239 137/306 78/135 336/680

9 4 0 13

112 133 78 323

26 50 25 101

86 83 53 222

77% 62% 68% 69%

Long term sick leave

Non-responders 

Total

Response rate %

120 TunnicliVe, O’Hickey, Fletcher, et al

http://oem.bmj.com


regression analysis. The presence of an all male
high exposure group precluded the initial use
of logistic regression to control for the
confounding eVects of sex and consequently
we elected to restrict our analyses to only male
respondents. Also, and as a consequence of the
use of job title to classify exposure, we
anticipated that socioeconomic factors might
completely confound the exposure of the male
members of one or more of our groups. This
was found to be highly probable as the male
members of the low exposure group were all
found to be members of the airport manage-
ment team, whereas the medium and high
exposure groups both comprised manual,
skilled, and highly skilled employees. On this
basis, we decided to also restrict our analyses to
comparisons between only the medium and
high exposure groups. We then used multiple
logistic regression to evaluate the association in
these men between high exposure and the cho-
sen symptoms, correcting for age and smoking,
and where appropriate, for the presence of self
reported hay fever or asthma.

Table 4 shows the crude and adjusted odds
ratios (ORs) for the male members of the high
exposure group relative to the male members
of the medium exposure group, for each of the
symptoms.

The adjusted ORs for cough with phlegm,
and runny nose were significantly associated
with high exposure (ORs 3.5 (95% confidence
interval (95% CI) 1.23 to 9.74) and 2.9 (95%
CI 1.32 to 6.40) respectively) when the
measured confounding eVects of age, smoking,
and in the case of runny nose, self reported hay
fever had been taken into account. The
adjusted OR for cough remained increased
(2.2) but not significantly so. Of note, there was
no obvious association between high exposure
and the presence of shortness of breath or
wheeze, or for the symptoms of watering eyes
or stuVy nose.

We also attempted to perform subgroup
analysis of those reporting symptoms. We
examined the prevalence of improved symp-
toms when away from work by exposure group.
Unfortunately, the absolute numbers in each

Table 1 Characteristics of the airport workers studied by exposure category

All Low Medium High

n 222 86 83 53
Age (y, mean (SD)) 38.6 (10.4) 38.7 (11.2) 39.8 (10.0) 36.7 (8.3)
Sex:

Men (n(%)) 140 (63) 32 (37) 55 (66) 53 (100)
Women (n) 82 54 28 0

Duration of employment (y, mean (SD)) 7.6 (6.3) 6.7 (5.8) 8.1 (6.1) 8.4 (6.8)
Smoking:

Never (n (%)) 103 (46) 52 (60) 28 (34) 23 (43)
Exhaled CO (mean (SD), ppm)* 3.8 (2.3) 3.2 (2.2) 4.0 (2.3) 5.1 (2.3)
Ex-smoker (n (%)) 56 (26) 19 (23) 25 (30) 12 (23)
Exhaled CO (mean (SD), ppm)* 3.5 (2.3) 3.2 (2.3) 3.4 (2.4) 4.3 (2.5)
Current (n (%)) 63 (28) 15 (17) 30 (36) 18 (34)
Exhaled CO (mean (SD), ppm)* 27.2 (16.8) 27.2 (18.3) 27.4 (17.9 27.1 (14.6)

Self reported asthma (n (%)) 13 (6) 5 (6) 3 (4) 5 (9)
Self reported hayfever (n (%)) 43 (19) 24 (28) 12 (14) 7 (13)
Atopy on skin tests (n (%))† 111/216 (51) 40/83 (48) 42/81 (52) 29/52 (56)
Time in aircraft taxiing area

(h/day, median (interquartile range)) — 0 (0–1) 1 (0–6) 8 (4–8)

*Exhaled CO concentrations (parts per million).
†Atopy=>1 positive skin tests to allergen. Missing values, denominators shown.

Table 2 Lung function measurements in each exposure group stratified by smoking

Smoking Variable Low Medium High

Never smoked n 52 28 23
FEV1 101 (12) 102 (12) 100 (12)
FVC 107 (14) 108 (12) 106 (11)
FEV1/FVC 81 (14) 78 (16) 78 (16)

Ex-smokers n 19 25 12
FEV1 97 (15) 102 (15) 99 (11)
FVC 107 (12) 109 (17) 106 (11)
FEV1/FVC 77 (15) 78 (11) 77 (10)

Current smokers n 15 30 18
FEV1 94 (16) 100 (12) 93 (11)
FVC 108 (18) 109 (12) 104 (11)
FEV1/FVC 76 (15) 77 (9) 74 (12)

FEV1s and FVCs expressed as means (SD) of % predicted value achieved.
There were no significant diVerences in mean lung function values within or between exposure
groups.

Table 3 Crude prevalence (n (%)) of reported symptoms by exposure category

All (222) Low (86) Medium (83) High (53)

Cough 99 (45) 37 (43) 30 (36) 32 (60)
Cough with phlegm 50 (23) 18 (21) 13 (16) 19 (36)
Watering eyes 86 (39) 39 (45) 31 (37) 16 (30)
StuVy nose 123 (55) 43 (50) 46 (55) 34 (64)
Runny nose 105 (47) 39 (45) 35 (42) 31 (58)
Wheeze or whistling 52 (23) 21 (24) 18 (22) 13 (25)
Shortness of breath* 38/218 (17) 17/84 (20) 14/82 (17) 7/52 (13)

*Missing values, denominators shown.

Table 4 Crude and adjusted ORs (95% CIs) for
symptoms in men in the high exposure group

Symptom

Medium High

OR OR 95% CI

Cough:
Crude 1.0 2.3* 1.06 to 4.94†
Adjusted† 1.0 2.2 0.94 to 5.26

Cough with phlegm:
Crude 1.0 3.3* 1.29 to 8.83†
Adjusted† 1.0 3.5* 1.23 to 9.74†

Watering eyes:
Crude 1.0 0.7 0.31 to 1.60
Adjusted‡ 1.0 0.8 0.32 to 1.86

StuVy nose:
Crude 1.0 1.6 0.71 to 2.90
Adjusted‡ 1.0 1.4 0.49 to 2.81

Runny nose:
Crude 1.0 3.2* 1.38 to 6.77*
Adjusted‡ 1.0 2.9* 1.32 to 6.40*

Wheeze or whistling in chest:
Crude 1.0 1.4 0.36 to 3.02
Adjusted§ 1.0 0.8 0.31 to 2.73

Shortness of breath:
Crude 1.0 0.8 0.31 to 2.01
Adjusted† 1.0 0.9 0.34 to 2.52

*p<0.05.
†Adjusted for age and smoking.
‡Adjusted for age, smoking and self reported history of hayfever.
§Adjusted for age, smoking and self reported history of asthma.
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subgroup was small (data not shown) and we
were unable to show an association between
exposure and any improved symptoms when
away from work.

Discussion
The aim of this study was to examine whether
occupational exposure to aviation fuel or jet
stream exhaust might be associated with respi-
ratory symptoms in a population of airport
workers. Due to the diVerences in the demo-
graphic make up of the exposure groups we
thought it wise only to make comparisons
between outcomes recorded in male members
of the medium and high exposure groups.
Allowing for measured confounding through
the use of logistic regression analysis, the
outcomes cough with phlegm and runny nose
(3.5 and 2.9 respectively) were found to be sig-
nificantly associated with high exposure;
whereas the OR for cough in the high exposure
group (2.2) was increased, this was non-
significant.

In those with symptoms, we were unable to
show an association between exposure and
improvement in symptoms when away from
work. This was not wholly unexpected as sub-
group analysis resulted in small absolute num-
bers and a type 2 error may have prevented us
from detecting such an association even if one
was truly present; also the population mostly
lived close to the airport and might be exposed
to jet stream on days away from work. There
was no obvious association between high expo-
sure and the symptoms of wheeze or shortness
of breath, nor for watering eyes or stuVy nose.
Also, no diVerences in lung function between
groups were detected.

Overall these results support the hypothesis
that occupational exposure to jet stream
exhaust or jet fuel is associated with an excess
of some respiratory symptoms in male airport
workers. The pattern of respiratory symptoms
is compatible with exposure to a respiratory
irritant, producing, in part an element of occu-
pational bronchitis. This study yields no
evidence in support of an association between
such exposure and an excess of breathlessness
or wheeze, suggestive of occupational asthma.

Before accepting these findings, several fun-
damental constraints and the possible eVects of
bias and residual confounding need to be care-
fully considered:

CONSTRAINTS

The cross sectional nature of the study limited
outcome variables to the period prevalence of
persistent, respiratory symptoms and once only
measures of respiratory function. We must
accept that any acute or severe illnesses, or
transient alteration in lung function potentially
associated with exposure, if present, would
have been likely to have been missed. The
demographic characteristics and size of the
population samples under study also limited
the application and power of standard statisti-
cal techniques.

Also, the collection of details about expo-
sures to the suspect agents (dose rate, accumu-
lated dose, dose peaks, and frequency of expo-

sures) and recognised confounders was also
limited. A clear definition of what constitutes
exposure is an essential component of any epi-
demiological hypothesis being tested in the
occupational field. The usefulness of such a
study depends to a large extent on the amount,
specificity, and precision of the exposure data
recorded. Despite this limitation, the recorded
concentrations of exhaled CO and the average
number of hours a day each group spent in the
aircraft taxiing area oVered support for our
exposure classification.

BIAS AND RESIDUAL CONFOUNDING

The response rates of the medium and high
exposure groups were similar (62% and 68%)
and this is unlikely to explain the observed dif-
ferences. Recall bias, however, cannot be as eas-
ily discounted. The medium exposure group
included the airport firemen; due to the nature
of their job, firemen may be less likely to report
respiratory symptoms, and on the whole, might
be expected to be physically fitter than most
other groups of employees. The diVerences we
found may in fact represent, in part, a healthy
worker eVect although the outcome runny nose
is diYcult to explain on this basis.

Residual confounding due to smoking also
needs to be considered. Although current
smoking rates were similar in the medium and
high exposure groups, a positive association
between exposure and accumulated pack-years
or current number of cigarettes smoked a day
cannot be excluded. Although no diVerence
was found in mean exhaled CO concentrations
between the smokers in these groups, this
should not be interpreted as evidence against
such an association.

Confounding due to social class also needs
to be considered. No individual measure of
socioeconomic status was recorded for the
study participants, but the job categories of
workers classified in both the medium and high
exposure groups comprised unskilled, skilled,
and highly skilled occupations. Although con-
founding by this characteristic cannot be
excluded, it seems an unlikely explanation for
the observed diVerences.

Spirometry did not detect any significant
diVerences in lung function between exposure
groups or between current smokers, ex-
smokers, and never smokers. The absence of
detectable abnormalities in current smokers
and ex-smokers may reflect the relatively young
age of the work force studied or possibly a
healthy smoker eVect.

Conclusion
The increased adjusted ORs for cough with
phlegm and runny nose in members of the high
exposure group are likely to reflect a true
association between these symptoms and their
occupational setting, although bias and re-
sidual confounding may be in part responsible.
The nature of these symptoms are compatible
with exposure to a respiratory irritant and
while a fuel or fume eVect cannot be
discounted, we think that this is more likely to
reflect a jet stream exhaust eVect.
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