A STUDY OF STRESS IN FLYING DURING TROPICAL “SUMMER.,
SOME PHYSIOLOGICAL AND BIOCHEMICAL CHANGESIN INDIAN PILOTS

"By Sqn. Ldr. M. K. Mookerjee and B. C. Ray Sarkar, Defence Semnee ,
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ABSTR.AGT

Duving this investigation attomp’os have been ma.de to:
approach the general problem of flying fatigue in summer ”:" -
from both physiological and ~psychological aspects. This ";""', 4

paper presents the result 6f physiolegical and blochemma,l
chanates

(\hanges in bpdv wewh’c rectal tempera‘rure, haemotocrit
value, blood glucese, and ecosinophil count have ‘heen
studied. Loss Q’i hody weight, increase in rectal temperature
and, ha.ematocxsi‘ value did not glve sufficient indication of
hagmoconceniaation. The change in4he level of blood glucose

R wae,’gigegaaf‘my significant. Fall of oosmophzl gount was:
- of the order of only 16-17 percent.

From the above facts it appears that normal squa;dron.
flying for about an hour in an environment prevailed
during. the ‘trial does not 1nvolve ;my severe degree of
stress, ‘ :

For the purpose . of studying the phenomenon of stress,
some fundamental stgdles are needed from the standpoint
of cortical response.* ’

, Introduction

- Ttis a recognlsed fact that a change in the environmental condition may

use. stress in the human system and that flying may also produce such stress.
{4 thus conceivable. Considerable importance was attached to the subjeet-of
ﬂylng stress during the last war and afterwards, and a good deal of mformm
has so far accumulated on this phenomenon. But thereis sufficient indication

that more quantitative data need to be collected to throw further light on this

subject. As there is paucity of data on flying stressin the case of Indian pilots
it has been proposed to make some study along this line.. Before dealing with -
the problem of stress under severe o emergency condltlon, it has been considered
desirable to ascertain what happens in the peacetlme s,quadron ﬂymg activi~
fies.
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~ The present investigation was. undertaken primarily with the object of
developing understanding which might help in the planning of similar work in
future. Tn this connection some physiological and biochemical ‘changes as
affected by flying over Delhi in summer- were studied and the results are
reported in this paper. R : S

EXPERIMENTAL
General Procedure

This investigation covered the period from the 1st of June to the Sth of
July, 1554, Experimental subjects were ten pilots belonging to one of the fighter
squadrons based at Palam Air Field. They werd divided into five groups and
each group was studied once a'week according to Latin Square arrangement.

- Physiological measurements and sampleS of venous blood were taken on two .
oceasions, once before take-off, and again after landing. During this period
they. were instructed not to take any food or drink, and not to pass urine or to
subject themselves to any kind of physical stress other than the usual preflight
activities. They flew normally between 0915 hours and 1015 hours and the
actual flying time was obtained from ea ch of them. As far as possible the time
lag between the initial recording of observations and the take-off, and simi-
larly between the landing and final observations, was tried to he reduced.

Physiological and Envirbnméntal Measwements and Analysis of Blood
Physiologi',ca.l measurements included recording of nude body weight and

rectal temperature. Only in few cases the- weight of clothing was taken. Venous
blood was collected - and stored properly for the estimation of W.B.C. count,

* * haemoglobin, haematocrit values, and glucose, according to standard

methods (423). Slides were also taken simultaneously for differential counts.
Eight hundred white blood cells were counted for estimating the number of
eosinophils as recqmmended by Bonner (%). -

Environmental ‘conditions on the ground during ﬁying and temperature
of the cockpit of vampire aircraft parked outside the hangar were recorded
according to recognised methods (°). ‘ : '

A battery of psychological tests were also given to the subjects to assess
~ reaction time, mental alertness, etc., before take-off and after landing along
. with the previous measurements, by a ‘psychologist and the details will be
~ presented in a separatereport. - ‘ : : '

RESULTS AND DISCUSSION
 Particulars of Test Subjects |

Relevant particulars of the subjects with regard to their age, total service
© and approximate flying hours on vampire at the beginning of thisinvestiga- .
tion are givenin Table 1. With the exception of two subjects (C-1) and C-2}
other groups were fairly comparable, U _ : . L
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TABLE I o
Releva.nt Pa.rtlculars of the Test Subjects
Subject; Age (years) | Approximate Total gervice | Total number
hours on . {years) of
Lvampir‘o o observations
A .. .. .. 21 20 2 5
A2 .. . L om 25 23 5.
Bl .. .. 20 - 3 .5
B2 .. . .. a1 | 200 2 3
¢l e . . 243 130 5 1
C-2 .. o . 7 28 ' B 50 “9.7 '2
b2 . .. . . .21 ‘ 30 S 2. 5 :
gL .. .. .. 23 27 3 4
E2 .. .. .. 21 | 80 3 2

Env:ronmental Measurements .

It mlght be conceived that heat a.nd ﬂylng are two important fa.otors
operating in this connection. To have an idea of the former, information pertain- .
ing to the environmental condition around the pilot on the ground and also -
inthe aircraft while flyingis necessary. Data on ground temperature areshown .
in Table IT, and the data onvcockplt temperature of an aireraft on the ground as
compared to the ambient teinperature mmultaneously recorded are gwén in
Tabie IIL. It would be observed that temperature is considérably higher in_the.
cockpit. A pilot has to remain in this environment for about 5.to 10 minutes

.and sometimes longer before he actually leaves the ground.

: TABLEII

~ Average Envirohmental Measurements on the Grround Expressed inC E '1‘., a8
L Recorded During Flying on the Days of Observatmn ‘

Obgervation week
- Group of subjects — - —— -

Ist -~ | 2nd 3rd 4th'. 5th
A .. .. . Ll 856 88-3 85-3 | 916 84-4
L .. 702  88:0 86+5 89-1 89:9
c .. . . ] 798 87-1 | Flying ca,heelled due to bad =~ .

B . : . wéather R

D .. v . 79-6 86-6 88-3 85:3°| . 82:2

£, v e . 883 87-9 89-9 88-0 | Flying
. |cancelled
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o TABIEE I‘H B .
Envu'onmental Measurements in Vampu'e Oockmt Outside the Hangar

, Dry bulb - Wet bulb S Globe :
.. .| temperature (°F) | temperature (°F) temperature. (°F) . ’

Date and ) Remarks ™™ °

time ; . .

Ambient Aircraft | Ambient | Aircraft | Ambient | Aircraft
9-6-54 ‘ . :
1100 hours 103 .. 119 78 87 136 140 | caropy
‘ E .. closed
10-6-54 o . ST
1106 hours 105 119 75-8 87 128 T 139 »
15-6-54 ) . :
1015 hours 08 106 75-6 78 118 130 | canopy
: . . opened ."-

17.6-54 : . '
1010 hours 985 © 103 75 . 80 122 125 »

,-Coc.ki)it temperatlii'e during flying could not be recorded. Tt may, however

be mentioned that although the air temperature falls rapidly with altitude; °

temperature in the cockpit remains relatively-higher sinee it gains heat. while

ﬂymg grom several sources(®). Hzence on%ﬂgb}; gssymme that cockpit temperas ., -

ture " would' appreciably rise during fiying; apeecially at low altitude. This
assumption - has been corroborated from opinion expressed by pilots durlng
interrogation.

Sweat Loss a.nd Rectal Temperghu'e

Total body weight' loss has been expressed as oz/m2/hr and the rolo-

vant data are shown in"Table IV. To assess the amount of sweat that became

. ineffective, clothings were also weighed before and after each mission in the

 case'of some subjects. Relevant data on the amount of sweat trapped in flying
clothings and ‘smalls’ and percent of sweat evaporated are given in Table V.

. - P e p

~ The pilots d1d not exhibit any of the reeognised synptoms of dehydration |

. other than slight rise of rectal temperature, flushing of the skin and thirst.
-From relevant literature (% 8) it appears that this amount of sweat loss can be

amply compensa.ted by the extravascular fluid reserve, specially from the skin,

and as such it is not expected that there will he any appreciable change in

effective blood volume. This was a.lso borne out from the da.ta on haemd.tocmt“

values as dlscussed later.:
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TABLE IV

Sweat Loss in Ounce per Hour

1st week 2nd Week 3rd week 4th week -5th week

& ot
o

Subjects —t—— —te—y —A— —ee— A
Total loss Total Loss Total Loss Total Loss Total Loss
loss m?/hr loss m?hr loss m?hr loss m?/hr loss m?hr

A1 . _215.0 109 180 6-3 l’f'O 9-1 381-0 10-2 "18:0 7-5

A2 21-5 16-4 30-0 15-5 28:5 10-3..28:5° 0:4 22-0 10-6

B 170 3-8 220 74 220 7-0 315 96 285 133

B.2 16:0 45 125 5:3 21-0 7-7 Bad weather .. ... -

C-1 18-0 Subject was not available.

C-2 . .. 28:5 6:5 3056 10-5 ’ Subject was not available..

‘b-1 ' . 185 45 2690 77 275 ’,9-6A 36:5 12:4 . 16:0 6-6‘

D-2 28-5 7-4 305 10-1 43-0 179 385 11-2 420 11-4

E-1 240 7-2 37-0 15-2 82.0 11-2 31-0 . 0-0 Bad weather

E-2

32:0 11:9 440 14:8

Subject was not available.

Daﬁa on sweat loss,

i

rise of rectal temperature and the nature of exercizes
perfom].ed are presented in.Table VI with the object of giving some idea-of the
relative amount of stress 1pve1«veel in different types-of ﬂ—ymgexerm

T

--TABLE V

Average Totwl Sweat LoSs,“SWea"i Ui)t%ie of Flying Glothmgs and Percent) of

A wWeRt! lvaporated

i Sweat uptake ' Sweat Byapo-

Subject Total sweat of flying rated

loss (oz) clobhmg | (percent) ‘

R E R ) B I
At . 2o, | % | LB
A-2 . 263 BR 15:0 . . 809
B-1 . ‘e 26-7 ‘ 5.0 N 8142
B2 i . 210 o7 | eas
c2 . . 3.5 | 85 7201
Dl i et e .| .26 | T 63 . | 764
D-2 R a1 | 1z | yioes]
E1 v | psLs 80 §74~6

It appems tha.t rocket
rectal temperature as compared %0 _other ﬂymg exercises. There was no signi-
ficant dxfference between o‘rh‘\r three exercises, It: was not possible, however; to

firing caused 51gn1ﬁcant rise of sweat loss and
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assess the extent to which each of the several fa.ctom namely, environ-
-mental eondition, mental stress, physical activity, ete., contributed individually

towards the above changes.

TABLE VI

Sweat Loss, Increase of Reotal Temperature and Types oi Flying Exercise

. . Increase in
Type of exercise Sweat loss rectal
: (oz/m2/hr) temperature
. - (°F)
10-2 -0
94 -5
3-8 -5
Formation 4-5. -5
6-5 :
12+4 25
11-2 - 1-0
Average 8:3 0-89
. 63 1:0-
- 15-5 0-75
Snake climb .. . 74 1-5
- 5-3 0-5
7-7 -1-0
10-1 1-0
7-2 1-25
@ 11-9 1-25
Average 8-9 1-03
91 075 -
103 i~0
I i . : P T T Y wd 0 1-6
" 4 - ' T i 2-5
‘Rocket firing 10-5 1-0
. ’ - 9:6 0-5
o 17-9 1-5
15-2 1-0
11-2 1-0
14-8 1-0
Average 119 o I
4-5 0-5
- 7-4 . 1-25
Cloud flying 6-6 0-5
: 11-4 1-0
Average .. . . .- 15 . 0-81

Haematocrxt Values

The average change in packed cell volmue was fouhd to be qulte small and
hence the data as shown in Table VII do not appear to suggest that the flying
caused any ' significant degree of haemoconcentration. This point was also
borne out from the data on sweat loss already discussed (vtde Tables IV and V).
It may be pointed out further that no appreciable change in- haemoglobin
content as determined occasmnally could be noticed as a result of the dx&‘ereut

types of flying exercise.
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Blood Glucose

IRING TROPICAL SUMMER

~ Thedataen blood glucose are presented in Table VIIIL, Indlwdua.l variations
were quite - wide and there was some tendency for this constituent. to rise.
Though it is known that significant rise in blood sugar may occur under the
influence of emotional stress or sometimes by exercise (%), such a small rise as
noted here may not have any real significance.

SR

. w::I,‘A.Bl‘}.E,,‘.'..H.'IIIII'M_ e o e i i
Level of Brood Glucose before and aiter Flying (mg/1060 mi of blood)
Subject Before After Change Average
flying flying change
- - 79-6 - 85-2 +5-6
- 84+5 . 80-0 455
A .. ‘e . 980 106-0 +8.0 7027
89-0 980 +9-0 -
. 926 93-8 +1-2
A2 . o 805 - 86+5 +6:0 +2-40
-92.0 92-0 +0-0
Bl 77-0 80-s 435 o
80-0 875 +7-5 4550
B-2 . 70-0 80-0 +10-0
98-0 -106-0 +8-0 499
c-2 98-0 87.0 —11-0
87-0 85-0 —2.0 —6-50
D1 86+ 84-4 —2-1
86-0 880 +2-0 4030
890 90-0 +1-0 -
D-2 . " 805 87-0 +6-5 _
81-0 72-8 —8-7 —1-1,
Average .. . +2-37
Eosinophil Gount

In view of the fact that a good deal of emphas1s ha.s been placed recently
on eosinophil countin connection with studies on stress (1-1%) it was proposed
te see how the number of eosinophil cells would change in the case of the pilots
under test. Data of eosinophil counts taken before and after flying are shown

in Table IX,
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: TABEEIK -
e . Eosmoplul count as aﬁecﬁad ’b! Flymg
‘ i Eosinophil count/cmm 8 ‘
Y blood )
. Subject No. of - Percent .| Average
observation . fall fall 9
Before After : S
flying flying
1] 1me 1441 | 17-3
*A.1 . 2 1601 1875 14-1
. 8 o380 1060 |- 22:64 . ...
& 1360 1290 51| 234
1 281 143 49-1
A2 .. . 2 488" 413 154
. ) 3 489 203 | 401
S v 1 417 159 B1. 9.
PR 2 © 408 T 445 —9-0
- B.1 .e 3 545 469 13-9
4 236 164 30-5
A 355 276 22-3 274
1 182 Tg T 599 Eaideind
B-2 .e 2 100 65 35.0
3 86 82 47
Q1 . 1 250 187 - 25-2
. 26-9
C-2 - 1 390 234 40-0
2 473 399 1586 “
1 222 124 441
- "2 F 1863 98- 35-9
D-1 . ‘e 3 108 | 99 83
: C “ 4 89 ™ 13-5
5 127 66 48-0 25-9
. 1 159 174 —9-4
D-2 e 2 288 162 43+8 -
3 84 65 226
1 - 114 100, 12-3
E-1 . 2 62 65 —~4-.8 167
3 471 2 A2 e e

"‘Thw subject wasprobably suﬁ'ermg from allergy or helmmthlo infection.

" There had. deﬁmte]y been a tendency for the count o fall. Ind1v1dua.l as
well as weekly variations were quite high and the average fall in the case of

various groups ranged from 16 to 27 percent approximately.

In the absence of an elaborate. experiment it was not- possﬂ)le to. assess
quite definitely the significance of the above fall in eosinophil count. However,
the recent work of Thorn et al () points to the fact that a fall of eosinophil
count below 50 per cent does not signify a stress sufficient to stimulate the
secretion of adrenal steroids. In the light of this observation it may be inferred
that normal squadron flyingin an environment that prevaﬂed during the
present trial does not seem to put the pilots under any severe stress. Data
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on- eosinophil count in different types of flying exercises are given in Table X-
It will be observed that -formation flying and cloud flying caused relatively -
 greaser fall in eosinophil count. Opinion survey carried out in large number’ ‘of
aircrews (17) also showed that both formation flying and instrument flying are
two of the most potent factors which cause fatigue to the pilots. Further inves-
tigation along this line may, throw more I ght on the value of eosinophil count
as an index of flying stress. g L

E '.M e e e o it MTMI‘E x

Fallin Eoéiﬁt;pbil Cduhﬁ in Relation to the Type of Exercise

Type of flying - _| Eosinophil fall | Average fall
- B Q, P

o %

22-76
_57.9*
Formation .. . . .. . . . o 59-9 38-1
'40-0

-Snakeellimb'.‘. ' - 234

‘»—'ww‘ [ i
NQI?!:D:DQ
WOOO

Rocket firing . .. .o . 11-2

L fod DD e b
00 Gu WX DD &9 v i
00O O ~I WO O

£D © G0 B
OO

Cloud flying .. TN S

el mw

e
ot et

22-6

Height climb (aerebatics) .. .. . e

*Not included in the calculation of average fall. This figure is very erratic and no
argument can be advanced at present to substantiate this behaviour. Similar variations were
also observed by other workers. - .

Inorder to explain fully the significance of any- degree of eosinopenia the
nature of the various factors causing it has to be known. The normal hourly .
and daily variations in the case of test subjects have to be worked out under
controlled conditions. To have some idea of hourly variationsinthe eosinophil
‘eount, observations were taken on a few laboratory workers. Dato are shown
in Table XI. Itisapparent that there has been perceptible rise from 1400 hours.
Similar trend was also reported by Rud (*%). - It would be of interest to seec

ip this connection the change during the twenty four hours as well.
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TABLE X! B

Hourly Variations in Eosinophil Count of Subiects in Airconditioned Room _
(Average temp. 80-82°F)" . .
Subject No. - ‘ * Average
Time , Nt . .1 Eosino-
1 2 3 4 5 6 7 8 phil
count
1000 .. ..| 28| 233 | 703 | 221 194 135 | 120 | 37 289
1200 . .| 430 | 187 | 476 | 247 | 128 | 174 | 234 | 288 | 27
1400 .. 603| 270 | s45| 343 | 170 | 231 | 481 | 369 | - 415
1600 .. .. | 620 | 847 |.1135| 352 | 350 | 263 | 479 | 450 500

Further data were taken on eosinophil counts of the above subjects to
study the effect of one hour exposure to the sun.Blood samples ~were -collec-
ted at four different times, namely, at 1000 hours, 1400 hours. and 1600 hours
in the air conditioned room and 1 to 2 minutes before the termination of the
exposure which lasted from 1100 to 1200 hours. During the exposure, the
subjects dressed in the usual summer clothing were sitting on chairs on the
roof of the laboratory. It will be seen from the data in Table XII that heat
treatment checked the normal trend of eosinophil rise in the afternoon. Some
degree of decline of the order of about 13 psr cent at 1400 hours with a tendency
to rise at 1600 hours seemed to have taken place. For statistical analysis it
will be necessary, however, to study the above points with a few more subjects.

TABLE XII ) .
Effect of One-hour Exposure in the Sun on Eosinophil Count (1100 hours to
1200 hours) C
Subject No. Average
. Eosino-
1 2 3 4 5 | 6 7 8 phil
- : i N counté
1000 hrs. .- O 285 | 930 | 228 | 179 | 127 | 888 | 435 367
1200hrs. .. . .| .. | 17| 798| 155| 265 | 96| 310 358 308
1400 hrs, .. o 231 | 722 | 146 | 179 195| 276 368 | - 302
1600 hrs, .. R 349 | 812 | 240 | 305 | 261 | 401 | 405 306
Average CET between | 89:0 | 88-0 | 89:0 |.88-5 | 88-6 | 88:0-| 88:0 89-0
1100 and 1200 hrs. : ] '

As eosinopenia is reported to result from - adrenal response to stress in
'man, a comparison of the changes in cireulating eosinophils with chanpges in
- 17-hydroxycorticoid excretion would provide a better means of assessing the

extent” to which activation of the adrenal cortex contributes to the total stress
response of the pilots (*!), This was not, however, possible at this stage,
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