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BASSETT, J R AND R SPILLANE Urmary corttsol excretion and mood ratmgs m atrcrafi cabm crew durmg a tour of 
duty tmol~mg a dtwuptton m ctrcadlan ihythm PHARMACOL BIOCHEM BEHAV 27(3) 413-420, 1987--A 
psychophys~ologlcal study was canned out on 28 cabm crew, comprising two teams, who were to travel from Sydney to Los 
Angeles and return, w~th stopovers m Los Angeles of 58 and 82 hr respectively Every urine sample for a period of nme 
days, commencmg 2 days before the flight, was collected The volume and time the sample was passed were recorded so 
that urinary corttsol secretion rates could be calculated Mood was also rated on a scale scored 0-9 at the same rime the 
urine sample was collected A control group matched for age, sex ratio, and degree of manual labour revolved m their 
occupation, but not revolved w~th the flights, was included in the study for comparison On the basis of unnary cort~sol 
excretion rates, the crews m Sydney before the flight and m Los Angeles were more h~ghly stressed than the control group 
The urmary corttsol excretion rates were s~gmficantly greater than those of the control group in Sydney before the fl~ght, m 
Los Angeles, and dunng the return fltght, but not on the flight out The high excreuon rates before the flight were attributed 
to an apprehension factor, whereas the elevated values in Los Angeles and dunng the fl~ght back were attributed to a 
disruption m circadian rhythm A factor analysis of mood ratmgs showed three major factors assessing vitality, distress, and 
relaxation Analys~s of varmnce of the mood ratmgs showed slgmficant changes over the tour of duty for 13 of the 14 
moods 

Cortlsol Unnary excretion C~rcadlan rhythm Mood ratings Cabm crew Stress 

IN recent  years  there  has been  concern  about  the possible 
deleter ious effects  on aircraft  cabm crew working long hours 
on the Eas t -Wes t  meradlan [11] There  appears  to be two 
types  o f  stressors associa ted with long flights at high alti- 
tudes o v e r  different  t ime zones First ,  there  are the physical  
s tressors encoun te red  during the flight (such as noise levels ,  
cabin pressure,  low oxygen  levels ,  and low humidity) Sec-  
ondly,  there  is the problem of  adjus tment  to circadian 
rhythms and sleep pat terns resulting f rom different t ime 
zones  The long te rm effects o f  high tempera tures ,  low 
humidity,  low oxygen  levels ,  plus a physmal  workload  may  
have  subtle effects  on individuals in relat ion to fatigue [11] 
Emst lng  [5] has shown that the lowered PO2 levels ,  nor-  
mally associated with high alti tude flights, can lead to a dlm- 
unition in mental  ablhty and accuracy  As a result  of  t ime 
zone  shifts there is a tendency  for cabm crew to go into sleep 
debt,  loss o f  sleep tending to mcrease  with the number  o f  

mght  flights on the tour  o f  duty,  and in some individuals it 
may  become  quite severe  [11] 

While physical  s tressors are associa ted with long high 
alt i tude flights, it appears  to be the t ime zone  tranmtion i tself  
and not  the fatigue o r  hypoxla  o f  f lymg that  is mainly re- 
sponsible for impaired per formance  fol lowing flights along 
the E - W  meridian [6] Pres ton and his col leagues  [12] study- 
ing the effects  o f  exposure  to eight-hour  t ime zone shifts to 
the east,  found a c lear  dec rement  o f  per formance  of  17 to 
32% when averaged ove r  the whole per iod Smallar results 
were  obtained when  the shift was to the wes t  [13] When  the 
circadian rhythms of  the body are disrupted by E-W/W-E 
flights the mdlvidual  may  take be tween  f ive and nine days to 
re-adjust  to the new env i ronment  

Cabin crew are subjected to a special  combinat ion  o f  
stressors As such they  represented  an ideal group on which 
to conduct  a psychophyslologlca l  s tudy of  occupat ional  

1Requests for reprints should be addressed to Dr R Spfllane 
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TABLE 1 
MEAN FREQUENCY OF PEAKS IN URINARY CORTISOL EXCRETION RATE (NUMBER OF 

PEAKS/24 HR) (MEAN +- S E ) 

Sydney Sydney 
(Before Los Angeles (After 
Fhght) Fhght) 

First Fhght I I p <0 05 I 
177  ± 0  12 167  ± 0 1 6  1 3 0 ± 0 1 6  

Second Fhght I I p<0 05 ~ 1  
164___012 1 5 9 ± 0 1 3  1 13±010  

Control *p<0 05 tp<0 05 
1 28 ± 0 13 

*For both flights vs control 
tFor first flight vs control 

stress The present study was carried out on cabin crew 
before, during, and after a tour of duty involving the direct 
flight from Sydney to Los Angeles (L A ) and return Unnary 
cortlsol levels were measured together with ratings of per- 
ceived mood states Personality and attitudinal data were 
also collected but are not reported here Cortisol measure- 
ments were chosen since there is overwhelming evidence 
from both human and anunal studies that exposure to emo- 
tional, sensory and environmental stressors will result in el- 
evated plasma, and finally unnary glucocortlcold levels 
[8,9] It is generally accepted that the glucocorticolds repre- 
sent reliable indicators of exposure to stress and that the 
level of glucocortlcoid secretion correlates with the intensity 
of the stressor [3] While it is not possible to say that a 
certain level of glucocorticold secretion IS an indicator of the 
presence of stress that is harmful to the present or future 
well-being of an individual, there is a strong body of evi- 
dence (from both human and animal studies) lmphcating an 
association between elevated plasma glucocortlcoid levels 
and the incidence of degenerative disease [2,14] 

METHOD 

Procedure 

Cabin crew (17 males and 11 females) met with research- 
ers three days before flight departures and were informed of 
the purpose and design of the study The cabin crew com- 
prised two teams of 14 who were to travel from Sydney to 
L A and return with stopovers in L A of 58 hours and 82 
hours respectively Apart from this both flights were identi- 
cal The outward flights left between 13 00 and 14 00 hr, and 
the return flights landed between 6 30 and 7 00 

Crew were asked to collect every urine sample for a 
penod of nine days and to keep a diary record of times of 
unnatIon, volume of urine, vial number into which urine 
sample was placed and a general descnptIon of activities 
since last collection They also rated their moods on a scale 
scored 0--9 The moods were relaxed, confused, sleepy, ef- 
ficient, depressed, vigorous, fatigued, tired, imtated, alert, 
rushed, calm, tense, angry 

Sampling commenced two days prior to the flight to L A 
These two days were 'rest days' In order to establish a 
'non-stressed' circadian pattern for each indwidual Sam- 
piing continued throughout the flight, the stopover in L A ,  
the return flight, and for two days after returning to Sydney 

The volume of urine passed was measured using a conical 
measuring cylinder, and a sample of urine was placed in a 
numbered 10 ml vial which was then sealed Urine samples 
were stored under refrigeration or in ice until collected 
Samples were collected for analysis before the flight to L A ,  
after both the outward and return flights, and at the end of 
the sampling period All samples were collected within 48 hr 
of being passed In the laboratory the samples were stored at 
-20°C until analysis 

Secretion rates were measured on every urine sample col- 
lected, rather than the more conventional procedure of 
sampling only the first morning, midday and last evening 
sample This procedure was adopted due to the variation in 
night-day patterns between Sydney and L A There exists a 
circadian pattern in cortisol secretion, the plasma cortlsol 
peaking at the end of the dark phase [1, 7, 15] This endoge- 
nous circadian rhythm takes many days to re-entrain to a 
phase shift such as a reversal of the night-day pattern Apart 
from waking and sleeping occurring at different times in the 
circadian pattern in the two cities, it has been suggested that 
the underlying circadian rhythm may modify the response to 
a stressful stimulus For example, ether stress-evoked in- 
crements in plasma glucocorticoids vary considerably with 
the time of day in laboratory rats [4] 

Two Ss were excluded from the first flight due to failure 
to collect sufficient unne samples (less than 2/3 of samples 
collected) Apart from these two exclusions only 4 1% of 
total number of samples passed could not be included in the 
analysis Their non-inclusion was due to either failure to 
collect the urine sample or failure to provide sufficient data 
to calculate secretion rate (time of passing sample or urine 
volume) The average number of urine samples passed per 
subject over the entire test period was 73 

Corttsol Assay 

The cortisol assay used was a modification of the com- 
petitive binding assay described by Murphy [10] 

Cortisol was extracted from urine using dxchloromethane 
and ahquots of the extract were evaporated to dryness in a 
47°C waterbath Each evaporated fraction was mixed with a 
cortisol bmdmg globuhn-lsotope solution (4% human serum 
containing sufficient [1,3-H a] cortlsol to saturates available 
binding sites) The tubes were incubated first at 37°C for 45 
rain, then at 4°C for 15 mln Unbound steroid was removed 
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using dextran-coated charcoal (625 mg activated charcoal, 62 
mg Dextran T70, suspended in 100 ml phosphate buffer pH 
7 0) A portion of the supernatant fraction (bound hormone) 
was then transferred to scintillation fluid and counted in a 
Packard scintdlatmn counter By subtracting the counts 
associated with bound hormone from the total counts added, 
the counts associated with the unbound hormone (Free) 
were obtamed The ratio of Free/Bound was calculated for 
each sample and standard Standard curves were prepared 
usmg solutions of known cortisol concentration and plotting 
Free/Bound ratio against the amount of cortlsol 

The lntra-assay variabdlty was 3 2% while the inter-assay 
variability was 6 6% Each urine sample was assayed in 
duplicate, duplicates being assayed in different assay runs 

While the competitive binding assay used is not specific 
for cortlsol alone, the interference by other steroids was in- 
significant This was partly due to their low cross reactivity 
(progesterone 20%, aldosterone 3%, testosterone 4%, oes- 
trogens 0 01%) and also because their concentration in the 
urine was considerably less than that of cortisol In order to 
prove that the competitive binding assay did give a true esti- 
mate of the free cortlsol levels in urine, the dichloromethane 
extracts of unne  from 6 individuals (3 from women using the 
contraceptive pill) were subjected to partition chromatogra- 
phy in order to separate cortisol from the other steroids 
present Following chromatographic separation the cortlsol 
content was analysed as already described There was no 
significant difference in the cortisol concentration of the 
urine samples subjected to chromatographic separation and 
the same samples analysed without separation 

The cortisol concentration In urine did not alter with stor- 
age Samples stored at room temperature for up to 7 days 
showed no significant difference in steroid concentration 
Samples stored at -20°C were stable for at least 2 months 

The cortisol results are expressed as urinary excretmn 
rates rather than unnary  concentration of cortisol to over- 
come variations due to differences in the rate of urine pro- 
duction Secretion rates were calculated by multiplying the 
unnary  cortisol concentration (pmoles m1-1) by the volume 
of unne  passed (ml), and dividing by the time over which the 
urine was produced (time since the last sample in minutes), 
and expressed as pmoles cortlsol min -1 

Analysts of Corttsol Data 

Excretion rates were divided mto 5 tune periods--  
samples collected before the flight to L A ,  during the flight, 
in L A ,  during and after the flight to Sydney In general the 
data for each individual showed a circadian pattern with a 
sharp morning peak occurring between 8 30 and 13 00 hr (in 
the majority of individuals the circadian peak occurred be- 
tween 10 00 and 11.00 hr) The elevated excretion rates 
associated with the circadian peak declmed over the next 3 
hr and remained at a low level for the rest of the 24 hr period 
Superimposed upon this circadian pattern there could occur 
a number of additional peaks in excretion rate associated 
with emotional, sensory or environmental stress factors For 
the purpose of this study a peak was arbitrardy defined as an 
excretion rate in excess of 50 pmoles mm -1 greater than the 
rates on either side Such a definition, while including all the 
major mcreases m cortlsol excretion rate, excluded minor 
fluctuations in rate occurring throughout the circadian cycle 
The frequency of peaks was calculated as the number of 
peaks occurring in the period of tune and for comparison was 
expressed as the number of peaks occurring in 24 hours The 

TABLE 2 

MEAN PEAK URINARY CORTISOL EXCRETION RATES (pmoles 
rain -1) -+ S E 

Sydney Sydney 
(Before Flight Los Fhght (After 
Flight) Out Angeles In Flight) 

First 
Flight 

Second 
Flight 

Control 

I , i i " - q  
229± 17 139_+ 15 255 ±20 244±57 ~186± 12 

i I "-1 
221 -+ 14 136± 9 253 ± 15 254± 30 ~:213- 14 

178 ± 13 

Asterisk indicates a significant difference (p<0 05, unpaired 
t-test) 

*For both flight group vs control 
tFor second flight group only vs control 
~tFor Sydney after the flight vs other periods 

mean peak frequencies for the time intervals, Sydney, L A 
and Sydney, were calculated and compared statistically 
using an unpaired t-test Because of the comparatively small 
time Intervals associated with the flight tune (less than 18 
hours) and because both the outward and return flights did 
not include the normal circadian peak, peak frequencies 
were not calculated for the flights 

The mean peak heights (pmoles mln -1) were calculated 
also for each time interval, including the flights, and com- 
pared statistically using an unpaired t-test There were 6 
cases during a flight where no value met the criterion for a 
peak (50 pmoles rain -1 greater than values on either side) In 
these cases there was a progressive increase in excretion 
rates throughout the flight, peaking in the first urine sample 
after the flight had ended (in all cases this was less than 30 
mln after landing, with the previous sample being passed at 
least 2 hr prior to landing) This peak was included in the 
flight period rather than the period after the flight since it was 
felt that it more closely reflected cortlsol excretion as a result 
of the flight and not the short tune after landing 

For comparison, a control group, consisting of 13 per- 
sons, was chosen to match closely the age range and sex 
ratio of the crews Their occupations were chosen to be as 
heterogeneous as possible, yet to be s~milar to those of the 
crews in the extent of manual labour involved, and involve- 
ment with the public The occupations of the control group 
included university lecturer, high school teacher, business 
administrator, dental nurse, medical technologist, post- 
graduate student, bookmaker's assistant and part-tune stu- 
dent, umverslty research assistant, research assistant at a 
large public hospital, laboratory technician, and housewife 
with a young child The control group was asked to collect 
every urine sample passed over at least a 48 hr period dunng 
the working week, and to note the volume and time of each 
sample The data obtmned were analysed in the same way as 
that of the crew 

RESULTS 

Frequency of Peaks 

The frequencies m peaks of unnary  cortlsol excretion 
rates are shown in Table 1 There was no significant d~ffer- 
ence in the frequencies observed between the first and sec- 
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TABLE 3 

PERCENTAGE OF PEAK VALUES OCCURRING IN EACH QUARTER OF 
THE FLIGHT 

First Second Thtrd Fourth 
Quarter Quarter Quarter Quarter 

First 
Fhght 

Out 

In 

Second 
Fhght 

Out 

In 

28 6 35 7 0 0 35 7 
t ~ 6 4  3 I 

14 3 7 1 14 3 64 3 
I 7 8  6 a 

39 9 11 1 16 7 33 3 
I 5 0  0 ) 

6 3 18 8 12 5 62 5 
t"""- ' - -  75 0 ~ l  

TABLE 4 

PERCENT OF SUBJECTS WITH URINARY CORTISOL EXCRETION 
RATES >200 pmoles/mm 

Sydney Sydney 
(Before Los (After 
Fhght) Angeles Fhght) 

First Fhght 92 92 58 
Second Fhght 86 79 79 
Control 46 

ond flight groups either m Sydney (before and after the flight) 
or in L A In both flight groups there was no slgmficant 
difference m the frequency of peaks between Sydney (before 
the flight) and L A ,  but both frequencies were slgnLficantly 
greater than that in Sydney after the flight The control group 
showed significantly lower frequencies than both the Sydney 
(before flight) groups and the L A group from the first flight 
The frequency of peaks m the control group just  faded to be 
s~gnfficantly different from the L A group from the second 
flight and was not significantly different from both the Syd- 
ney (after flight) groups 

Peak Hetghts 

The mean peak values m unnary cortlsol excretion rates 
are shown in Table 2 As with the frequencies there were no 
significant differences m peak heights between the two 
flights in any of the periods In both flights there were no 
significant differences m peak heights in the periods before 
the flight, In L A , or during the flight back However, while 
m the first flight both the Sydney (before flight) and L A 
values were significantly greater than those of the Sydney 
(after flight), m the second flight only, the L A value was 
significantly greater than the Sydney (after flight) There was 
no significant difference between the Sydney before and 
after values m the second flight 

Compared with the control group the peak heights in 

TABLE 5 
PERCENT OF SAMPLES SHOWING URINARY CORTISOL 

EXCRETION RATES >200 pmoles/mm (mean +- S E ) 

Sydney Sydney 
(Before Los (After 
Fhght) Angeles Fhght) 

First Fhght p<0 05 
172+_26 223+_41 101+_23 

Second Fhght p<0 05 
192+_27 200+_25 132--+20 

Control *p<0 05 *p<0 05 
144+_ 19 

*For both flights vs control 

Sydney (before the flight), m L A ,  and dunng the return 
flight were slgntficantly greater m both the first and second 
flights On returning to Sydney, m the case of the first flight, 
the peak heights were not significantly &fferent from the 
control values However, with the second fhght, the Sydney 
(after flight) values were significantly greater than the con- 
trol group 

In both flights there was no ewdence that the flight out 
was parhculady stressful, since the peak heights in both 
cases were significantly lower than any other time permd in 
the study and were also slgmficantly lower than those of the 
control group The same could not be stud about the return 
flight where the peak values remained at the elevated levels 
they were at in L A ,  and in both cases were significantly 
greater than the corresponding values in the flight out 

The distribution of peak values during the flights is shown 
in Table 3 It can be seen that m both the first and second 
flights the greatest percentage of peaks in the flights out 
occurred m the first half of the flight, whereas in the return 
fl~ghts, the greatest percentage occurred in the second half 
(over 60% m the last quarter of the flight) 
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T A B L E  6 

FACTOR ANALYSIS LOADINGS, MOOD RATINGS AND CORTISOL LEVELS 
(N = 1860) 

Factor Factor Factor Factor 
Mood 1 2 3 4 Communalmes 

Relaxed 0 10 - 0  20 0 84 0 07 0 75 
Confused - 0  26 0 70 0 01 0 01 0 56 
Sleepy - 0  70 0 38 0 25 - 0  24 0 76 
Efficient 0 86 0 00 0 20 - 0  07 0 79 
Depressed - 0  04 0 76 - 0  08 0 05 0 60 
Vigorous 0 78 0 19 0 11 - 0  08 0 67 
Fatigued - 0  59 0 52 0 02 - 0  14 0 64 
T,red - 0  73 0 42 0 06 - 0  21 0 77 
Imtated - 0  09 0 71 - 0  46 - 0  04 0 72 
Alert 0 88 - 0  01 0 08 0 03 0 78 
Rushed 0 26 0 45 - 0  56 - 0  04 0 58 
Calm 0 19 - 0  11 0 8 7  001 080 
Tense 0 01 0 71 - 0  50 - 0  02 0 75 
Angry 0 03 0 72 - 0  26 0 03 0 59 
Cortlsol 0 07 0 07 0 09 0 96 0 93 

Percent of 33 4 20 9 10 2 6 7 
Variance 
Accounted 
For 

T A B L E  7 

ANOVA 
MOOD RATINGS AND CORTISOL LEVELS 

Period Sag 
Moods 1 2 3 4 5 F p < 

Relaxed 6 2 3 9 5 9 4 8 6 4 38 23 0 001 
Confused 1 5 2 5 2 4 2 5 2 1 9 76 0 001 
Sleepy 3 4 4 7 5 2 4 8 4 5 22 95 0 001 
Efficient 5 1 4 1 3 5 3 9 4 0 26 64 0 001 
Depressed 1 0 1 1 1 0 0 8 1 1 1 00 n s 
Vagorous 4 0 3 4 2 9 3 1 3 2 13 25 0 001 
FaUgued 2 3 4 3 4 6 4 8 3 8 50 28 0 001 
Tared 3 4 5 6 5 6 6 0 5 0 48 87 0 001 
Imtated 1 7 3 6 1 7 2 4 1 8 26 64 0 001 
Alert 5 3 4 3 3 7 4 3 4 4 22 52 0 001 
Rushed 2 4 3 7 1 8 2 9 1 7 22 78 0 001 
Calm 60  43 57 52 6 1 19 04 0001 
Tense 2 0 3 7 2 2 2 8 2 0 17 96 0 001 
Angry 1 0 18 10 1 2 1 1 791 0001 
Cortlsol 128 2 77 9 131 7 108 8 92 0 7 88 0 001 

L x c r e t t o n  R a t e s  G r e a t e r  T h a n  200 p m o l e s  M m  -~ 

The pe rcen tage  of  c r ew wath ur inary cort lsol  excre t ion  
ra tes  grea te r  than  200 pmoles  mln -1 as s h o w n  in Table  4 The 
value o f  200 pmoles  mln -1 was  chosen  since it r ep re sen t ed  
the  approx imate  med ian  o f  the dis t r ibut ion o f  peak  heights  in 
the cont ro l  group As  wi th  the f requenc ies  o f  peaks  and 
mean  peak  heights ,  the values  before  the  flight and m L A 
are very  similar and well  above  those  o f  the  contro l  group,  
w h e r e  only 46% o f  all cont ro l  Ss showed  excre t ion  values 

greater  than 200 pmoles  m l n - '  In the first  flight on re turning 
to Sydney  the pe rcen tage  o f  individuals showing values 
above  200 pmoles  mln -1 fell back  towards  the  control  group 
In the s econd  flight the  pe rcen tage  r emmn ed  tugh on  return-  
mg to Sydney  

The  individuals showing exc re t ion  ra tes  grea ter  than 200 
pmoles  mln -1 were  then  examined  separa te ly  to de te rmine  
the f r equency  o f  high values  Table 5 shows  the  pe rcen tage  
o f  the  total  urine samples  p a s s ed  by an individual that  
s h o w ed  a u n n a r y  cort lsol  excre t ion  rate  grea te r  than 200 
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TABLE 8 
CORTISOL LEVELS AND MOOD RATINGS 

CORRELATION COEFFICIENTS 

Before Fhght Los Fhght After 
Mood Fhght Out Angeles In Fhght 

Relaxed 0 27 
Sleepy -0  23 -0  19 -0  15 
Efficient 0 22 
Vigorous 0 25 0 18 
Fatigued -0  12 
Tired -0  26 -0  15 -0  13 
Alert 0 21 0 14 
Rushed 0 20 
Calm 0 23 

pmoles min -1 Again it can be seen that the percentages do 
not differ significantly between Sydney (before the flight) 
and L A in both flights, but in all cases the values were 
slgnLficantly greater than the control group Not only were 
more individuals excreting greater than 200 pmoles mln -~, 
but they were also doing so more frequently On returning to 
Sydney the values returned to control level, the effect being 
greater in the first flight 

Mood Ratmgs 

A factor analysis of the mood ratings revealed three major 
factors (Table 6) 

Factor 1 appears to assess vttahty, Factor 2 distress and 
Factor 3 relaxation Factor 4 is clearly a cortlsol factor with 
two moods (sleepy and tired) producing small, negative load- 
lngs 

Analysis of variance of mood ratings shows significant 
changes over the hour of duty for 13 of the 14 moods-- the 
exception being 'depressed' (Table 7) 

The theme here IS one of decreased vitality and relax- 
atlon, pnmarlly in the second period which paralleled de- 
creases in cortlsol excretion Differences between the sec- 
ond and third periods are generally non-significant although 
cortisol levels increased substantmlly Similarly changes be- 
tween the third and fourth periods are mlmmal except for 
cortIsol levels Compared with Sydney mood ratings before 
the tour, the final period's ratings show that sleepiness, 
fatigue, tiredness increased whde efficiency, vigour, alert- 
ness and feelmgs of rush decreased 

Table 8 presents significant (p<0 01) correlations be- 
tween cortisol levels and mood ratings throughout the tour 
by time penod It is clear that the pattern of relationships 
between cortisol excretion and mood ratings alters across 
time penods In the first period cortisol excretion correlates 
with "vitahty" related moods whereas m the second period 
cortisol correlates with "relaxation" related moods By the 
f'mal period the relationship with "vitality" is re-estabhshed 
though less significantly than in the first period 

DISCUSSION 

On the basis of both frequency of peaks and mean peak 
heights, the crews in Sydney before the flight and in L A 
appear to be more highly stressed than the control group 
This suggesUon is supported by the observation that during 

these periods the crews had a higher proportion of individu- 
als with excretion rates greater than 200 pmoles mm -1, and in 
these individuals the frequency of high values was greater 

The elevated values in frequency of peaks, mean peak 
heights, and proportion and frequency of rates greater than 
200 pmoles mln -1 seen in the crews before the flight to L A , 
most likely represents apprehension or anxiety in anti- 
c,patlon of the forthcoming flight Very few of the crews 
on either flight had flown the direct Sydney to L A route 
before As a result of adverse pubhclty about the flight, and 
the fact that a study was being undertaken to investigate the 
possible stress factors associated with the flight, it is not 
unreasonable to suggest that there would be a degree of ap- 
prehension in Individuals before the flight The continuation 
of such apprehension into the early part of the flight may 
explain why the greatest proportion of peaks occurred at the 
beginning of the flights to L A compared to the end of the 
fhghts returning to Sydney On the return flights, where the 
apprehension effect would be less due to a greater familiar- 
ity, the distribution of peaks may reflect more closely the 
build-up of environmental stress factors, such as dehydra- 
tion and fatigue Another possible contributing factor to the 
differences in the distribution of peak values between the 
outward and return flights may be the position of the normal 
circadian peak While the circadian peak did not occur dur- 
ing the period of either flight, the peak would be closest to 
the beginning of the outward flight whdst it would be closest 
to the end of the return flight 

Whde it may also be argued that the high Sydney (before 
flight) values indicate that both crews were composed of 
basically stressed individuals, such an argument could not be 
supported by the findings on returning to Sydney, where 
crews showed a return to control values 

On the basis of the parameters measured the direct flight 
from Sydney to L A itself does not appear to involve an 
excessive physiological or psychological cost On the other 
hand, the period of time spent in L A does appear to be 
associated with enhanced stress factors It is possible that 
stress factors associated with the flight may have contributed 
to an enhanced stress experienced on first amvlng in L A 
However, such contributions must only have been small, 
since after the return fhght to Sydney all values rapidly re- 
turned to control values, even though the return flights ap- 
pear to have been more stressful than the outward flights 
(based on cortlsol values) The most acceptable explanation 
for the enhanced stress experienced in L A is the disruption 
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m the circadian rhythm resulting from the change in mght- 
day cycle An individual does not unmedmtely begin to ad- 
just  to the alteratmn In mght-day cycle, and as a result there 
is a confhct between his/her blologmal clock and sensory 
mformatmn from the environment The long established cir- 
cadian rhythms in physlologmal functmns find themselves 
out of phase with the existing enwronment  Such an asyn- 
chrony in the cycles associated wah major boddy function is 
extremely stressful, and requires an adaptation time in the 
order of several cycle durations This is the essence of the 
'physiological cycle shift syndrome' or 'jet-lag ' Such a dis- 
ruption m circa&an rhythm as experienced in L A would be 
camed over into the return flight, and would explmn the 
greater stress experienced on the return flight when com- 
pared to the outward flight 

In the first flight, on returning to Sydney, all parameters 
measured rapidly returned to levels that were not slgmfi- 
cantly different from those of the control group However, 
this was not the case with the second flight On returning to 
Sydney, the mean peak heights remained significantly ele- 
vated above the control value, although they were less than 
in L A A Slmllar trend is seen in the proportion of individu- 
als showing peak values in excess of 200 pmoles -~, and the 
percentage of samples that were greater than 200 pmoles 
mm -1 In order to explain this difference between the first 
and second flights it must be remembered that mdwlduals do 
not unmedlately adjust biological rhythms to bring them into 
synchrony with their environment, and that it may take sev- 
eral cycles before this will begin to occur If, in the first 
flight, the individual had not made any appreciable adjust- 
ment In circadian rhythm during the stay m L A (58 hr), then 
on returning to Sydney the circa&an rhythm would not be in 
variance with the environment As a result of tlus stress 
factor no longer existing, the parameters measured would 
almost Immediately begin to return to normal values How- 
ever, if in the second flight where the stopover is longer (82 
hours), the individual had began to change his/her clrcadmn 
rhythm (adapt to the L A environment), then on returning to 
Sydney the clrcadmn rhythms would agmn be In conflict with 
the new environment This continued stress factor would 
explmn the delayed recovery seen in the second fhght on 
returning to Sydney 

Relationships between cortmol excretion and mood 
ratings show the influence of circadian rhythm Insofar as 
cortlsol levels peak early in the day and decrease throughout 
the normal working day it is not surpnsmg to find that as the 
day progresses people become more tired, sleepy and less 

alert, vigorous and efficient Thus, the correlations between 
cortlsol levels and these moods are attributable, at least in 
part, to circadian rhythm When the normal circadmn pattern 
is disrupted, such as when flying and working with tune-zone 
shift, we might expect to find the relationship between 
moods and cortlsol excretion alters We would not expect 
th~s to occur in the period before the fhght and the results 
confirm this However, as the tour of duty progresses and 
the effects of circadian disruption become greater the pattern 
of correlations alters This can be seen clearly in the L A 
period and the return flight to Sydney The period after the 
return flight shows a partial return to the initial pattern 
However, while the cortlsol excretion rates and mood 
ratings both show the influence of circadian rhythm, the cor- 
relation between unnary  cortlsol and any mood is not lugh 
A major problem with attempting to correlate mood with 
unnary  cortlsol levels is the 2 to 4 hr lag-tune between 
plasma levels of cortlsol and the urinary levels of the hor- 
mone An enhanced urinary cortlsol excretion rate is a de- 
layed measure of an increased adrenocortlcal output that has 
occurred several hours previously, and as such may not cor- 
relate well with the mood rating at the time the unne  sample 
was passed Attempts to correlate unnary  cortlsol levels 
with the mood rating associated with the previous sample did 
not show any better correlation, no doubt for similar rea- 
sons The factors involved in the Increased adrenocortlcal 
output may have occurred after the prevmus mood rating 
was taken Despite this difficulty, however, these results 
point to a relaUonshlp between cort~sol and a circadian mood 
pattern which is disrupted during and after stopover m L A 

In summary, the data suggest that crews experienced feel- 
rags of distress on the flight out of Sydney which may be due 
to novelty and adjustment effects The stopover period and 
flight home are charactensed by fatigue and perceived lack 
of Vltahty As the effects of circadian dysrhythmla accumu- 
late perceived vitality and vlgour decrease The major find- 
ing, therefore, is the psychophysiologlcal cost associated 
with the tour of duty which appears to be largely a result of 
c~rcadlan dysrhythmla manifested m changes m cortlsol 
excretion levels and mood states 
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