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Vibration is inherent in all forms of aviation
Vibration generated during helicopter flying, low
level high speed flving and fli ght operitions
during trbulent weather may impose problems
ranging from mechanical interference o physical
disturbunce which may eventually manifest as
psychophyiological effects. Verical vibration in
the frequency range of 8-10 Hz maxim: tlly affects
the humun body inlcrfering with the comfort,
physieal well being and perfonmance of an airerew.
It has been demonstrated that different stress may
produce specific patters of reaction thron zh quite
different reactions. The interactive cffects of these
stresses, when combined could he quitz diverse
ranming from “no eT*e" te additive, synereistc
and antagonistic tvpe of interaction [ 8],

The General m -specific: pattern of
neurcendocrine  resctions  duii ng  EXposure o
combination of stresses appeers 10 b duminated
by increased sympathetic sdrenal medullary and
pituitary adrenal cortical activity. In most stresslul
sitwations both can occor, gl rhl migh with different
latencies mnd duration of effect [7-12].

The present study has been designed o
evaluate  the  combined  2ffec; of stmulated

environmental strésses of varying level of hypoxis

with fixed levels of noise and 4
newrvendocrine reaction and paycholih
performance, The laboratory <data o i
Be used to extrapolate the nearoerdig
and performance impairment us L
wctiel flight condition,

Muoteriad snd metiady

Hypaxia was simulated by using g
Lias mixtures with O coneentration o
l4.4% and 101.2% prnvu.L.d el
aondition simulating altitudes of SO0, 18

PHO00 T respectively,
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An clecirobydraulic vibration aimu.
used Lo penerate vibration in the frequens
af 8-10 Hz with amplitude of [m/s (0

Psychomotor performance was HELIAT
using three computerized validated taishs

Perceplual speed test : This el
4 persons dhility to perceive complex detlly
as possible. In this fest subject is preseni
151 pairs of fizures. set in two columns i
of certain numericals, punctuation's lite g
semicalon, question mark, signs like § o &
The subject has to cheek the visual L
and quickly sooas to armve ar a deciin
the time limit of faur minutes. The sk i
exhibit & higher score on percenlage con
tatal attempled and percentuge of ol g
will have pood perceptual speed and ol
capacilics,
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-|-- vigilance lest @ This lesl measures
snelers like ttention, psychomotor coordimation,
loilance and short term memory, Inothas jest
presentenl with number of 1ings without
e i betweci, Eoch ring has an opening
rain position. The rings are scatlered in
let- wll gver the sereen, Hundred omps
s are presented in each frame a1 o nme
liget ring {8 prexented on the sde of the
¢ subject has 10 move the cursor onlo
gimitir 10 the target rings and enter it by
pace har, The subject covers 05 many
j possible within the prescri bl 1est period
nds. Performance was assessed on the

gl the following paramuters,

Tolal 1ings done

fivity 1 =
Totpl time in sceonds

1 it '.']ly 2= Average reaction me (reciprocal of
Progluctividy 1)

e 1y Total namber of forrect
quality index = gy possible corect
Total number of wrong

et qualily index = :
¥ ity e Max possible wrong

{ leerimitation reaction time

This lest checks reaction lime 103 complex
i the form of two coloured boxes which
on the screen at random interval and
wice, The tesponse on positive probe is 1o
particular colour only. The subject hus lo
) the right probe and press any key ds
idhly s possible as and when it appiars. The
dmimation reaction time of the subject for that
ficaler trial which is the time clapsed between
yeseptation of the stimulus  probe and
m of the test is reoprded.
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3, Eaperimental protocal:

The study wax conducted n 2 laboratory
jocated at an alutede of 963m  AMSL with
emperatire ranging from 24-27°C. The subjects
were exposed o all the three stages of hypoxaa,
niike of 85 dbiA) and vibration 1mfsee® in 8- 10
fz. all in combination, All subjects practiced, on
all three PC based performunce tnsks, ull they
rcached pateau of the learmng curve, before the
cxperimental protocol,  Each of  the
performance (ask Was suliinistered 1o subjects at
35 mis after the administration of combination of
nuise-and vibration which were kept fixed but the
cimulated alttude was set at 20K (n=8), 12000
=T) de 19000 teet (n=3) respectively

HTSEVHT|

Data generated was stored in the second
computer memury, The second computer Wwax
linked to the first computer, which was placed on
a platform in front of vibrting subject bul isolored
frem vibrating platform. The second compuler was
required to administer the lasks, monitor the
completion of one task and sequentially start the
pext taxk at appointed Limes

The double voiding technigue was used for
collecting the urine sample befors and  after
completion of experimental procedures. The exact
length of time for each collection time was notcd
and volome was megsured. Por determining uninary
binchemical stress varizhles about 100mI urine was
adjusted to pH, with Hel and refrigerated. The
urine samples acid were analysed for catechofamine
(CA). Epinephrine (E), norepinephrine (NE) vinyl
mandelic. The physiological, psychelogical.
biochemical variables at three attitude exposures
wore analvsed by students paired and unpaired 1-
tests (VMA), 3-methoxy-4-hydroxy-phenyl-glycol
(MHPG), and 17 Oxogenic-steriods (170G5) by
slandard techmigue, The concentration of gach
analyte was multiplied by volume, divided by time
and expressed as cxcretion rate [8. W, 1.
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Table 1 : Changes in Heart rate (11R), Svstolic & diastollic blood pressure (SEP &D :";.'
at 8000, 12000 and 19000 It

Parameters

Pre mn

(n=20)

XKD
(n=K)

| 2000
(="}

10000
(=5

HE
Reatsfimin

757 ¢ 4.1

19 kAL

HLR & TR+

93.6 + 4008

SHE
mm g

1133 2 1.4

[[3.8 +349

1154 k364

1128 « 548

LU mm g

rad 517

T 2.5

Jo8 £ 208

75.8 £ 340

;M Pl Ul

Lable 1L ; Performance changes al 8000, 12000 & 19000 11

Paramecters

Prerun
(n=2{)

KO0
(n=%)

120010
(n=T)

]
n=3)

H]wlh FINE Drientanon
Productivity |
Productivity 11

+ quality index

- gquality index

[ 44 (.15
0og =004
098 = (1L.01

0012 ¢ 246

LAG =015
35 £0.23
L95 £ 0,03

CLUO8 £0.06

084 =02

LA £ 40.23
098 £0.02
0.02 =020

(.78 + (g8
1.28 £ 0.0
0,85 = 0
0,11 £ 05

Perceptual speed 123t
% attempted
% lotal attempted

9496 624
4593 2 144

9451 L 53
5308 1 U3

T35 224
AR, 16 £ 43

83.85 £ |1
44.76 £ 74

Dascrintnalion
Meacon [ill'l"ll.'f
Total correct
Reaction time

73+ 144
0349 ¢ 006

886 1.31.
(4 £ 0.06

000 = [48
0.6 £ 0L0H

850 + Lo
051 %01

=P 05,

t* P=0.0|
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Tuble 11 : Changes in Catecholomine (CA), Epinephrine (), Norepinephrine (NEJ,
i Vinyl mandelic acid ( VMA), 3-Methoxy—-Hydroxy phenyl gl yeol-(MHPG) &

l
. r 17 nxogenic steroids (170G} al 000, 1200000 zanacd 19000 Dt
! 14 —
K Premun L 1 2000 XX
1 4 1 —_
.E 3 fHmme(eny (n=2h (=8} {ir=T) (=53]
S
?B*“‘ y CA e B R 0 . 96+ 543 16+ 384 17 TG
! {1Lg|’111i11:| L7 £33 6162542 G7.6 2 34 224.6 t 1589

7

e E. 321 £ 187 304 =204 284 ¢ 156 TE3 £ 355"
!'2 y . |:II§."ITI:II1:I
" i WwEE2LS 3122242 3922266 1492 & 131200
\ fgfmin)
s 317117 53 + 3.4 19 +39 5.1 &20¢
g }
HHP.G 0.6 0,30 158 1 LO*® (:93 = (L&D Lo£ L
feg/min)
Sl 17£73 1992975 152292 207 + 13.9%
s mgfiin)
)06* 0,05 *% pefd.001
) 13% : e -

i WMA wers significant at 8000 und 19000 L but
T ot at 12000 f. Changes in MUPG were significunt
5 . . . LT .
105+ M Tl 1 depicis the changes in R, DBPand & 8000 and 12000 f1 but not at. 19900 ft.

Baeach level of alritude. Only changes in HR
significatnt ul all the three levels of alttude.  Discussion
e - shows performance changes. There was no
L35 et deterioration in the various performance Sy :
The discrimination reaction time test showed

wniers ar RO00 and 12000 fL bt at 19000 0 a
fizant decrement in the productivity | and 11
pasilive. guality index and nepalive quality
Cwere noled.. At this altiude percepiual
{5t in terms of total number of scomes
lod and correct were less, so ulso the % of
glempled. The discrimination reaclion tme
jiaed an insignificant increase. Table 5 represemts
%Emiuﬂ changes. The changes in CA, F. NE
e insignificant at ROOO and 12000 11 but was

'ﬂjilﬁrg.m al 19000 fi. Changes in 17 OGS and

7,674

.60
Y1
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no performance decrament at SO, 12000 & 19000
fi_demonstratimz that exposure to these allitude
does not adversely affect colour percephion and
appropriate reaction lime test. At ROOO Tt and 200K
fi alsa no deterioration in any of the parameters
of the split ring test was noted but at 19000 ftall
PUTHINEEETS showed significant  performance
decrement indicating worsening of performance in
terms of visual wigilance. attention, origntation
pattern and  shart lenm MEmMoTy. Thers wias 10
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fiffect of lypera, nowre & vibrasan steexe - Tver ot of

sipnificant deterioration o the peroceptual speed
test both ot 8000 & 126K fi but ar 1900 i o
significant Jdelenomtion was observed. An virlicr
stmly  from  this  laboratory  lins reported o
simpmticant performandss decrement at an altbude
of 12500 1. Therefire, it appears that when un
aviator  as osulpected o combined  Stredses of
hypoxia (= 2000 f1), noise and vibration, effeets of
!I_‘pi‘-lnl:l on performance decremenl predominates,
with some effect of noise and vibration which can
compromise flipht safery, This would mean that in
heheomer “hopping sorties™ wt altitdes above
P2000 11 there would be u progressive deteroration

in observational skills and ipeed  of

'.ll"-.'i'.‘l‘.lll
making which could seriously Jeopardize missin

eileetiveness [ 1-6]

Many ditferent types of physical stimuoli
been achivity ot
sympathetic adrenal medullary and pitutary adrenal
cortical activity. E in urine reflects adrenomedullary
activity while NL gives a measure of the release
frown sympathetic nerves. VMA in the unine is an
index of the rate of CA synthesis, 17-003% excreted
I the urine is 2 measure of change in adrenocorticul
actvily. MHPG excreted in the orine is the
functiomal measure of change in central nervous
evElem activity [7-121,

have showi 1o increase the

In the present study, urinary levels of CA,
E, NE. VMA, MHPG & |7-0GS during exposure
lo combined stress of noise and vibration with
varying level of altitude exhibited a differential
response. AL 8000 L WMaA MIIPG and 17-0GS
increased  significantly without any significant
change in CA, E & NE, At 12000 1l there was a
significant increase in MHPG level while others did
not show any significant change. At JBOO0 ft CA,
E, NE, VMA & 17-0GS increased significanily
while changes in MHPG were insignificant. The
nse poted al 19,000 i in CAL B, NE were thres tifes
higher while 17-0GS were 2 times igher tan their
respective baseling value, The chanpes in various

urinary parmmeleos duning oxposiine o theee levels

of altitude represented  immediage

vnsel o shress, adapration and el *:,
respectively. These responses an ,"':
the “general aon-specific pattern’ of
crine reaction as proponnded by "5"‘

The tole o CAS m the p I.
differcat types ol lasks has  been ol
rosearched, *Urankenhacuser™ reseinl
that those subjects whose CA levels i
W bascline (rapid decreasers) gre [l
better adjusted and perforn more offi
achievernent situations than those wh
return slowly 1o baseline (slow decre ':
study al 8000 and 12000-ft levels of A
rupidly renimed ta baseline without anyg
performance decrement, AL T000 1t b i
exposure levels of CA, B, NE were (g
higher than (heir respective baseling il
associated  with  significant el
decrement. [t has been shown that i
excretion may be detrimental ro perfon
comples Lask FEUIFInG. selective a[[e'
may he explained in terms of associuimh
CA lavels and drive. The high drive interig
the cholce between competing  respim
could possibly secount for performance
at higher altitude of 19U 1 The
present study are  thus  consistenl o
ohservation of “Frankenhacuser” & heroes
[8-12]. '

WS

It has been reported that MHPG i
eavrcled in the urine of homans: arose oo

A metabolism and  was i
concurrent biochemicul chanpes taking i
MHPG levels increased significantly in
performing difficult and complicated tsky
number of complex perceptual-matar Q:J‘
precise spatial urientation. MLUFG also i
signilicantly during examination in confil
successful subjects than the group with i

and lack ol confiddence. In thig study i
were found 16 L‘r'mu'l'h:l'lsl.lh‘ﬁ:_

ik A [

changes
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g changes. At 8OO0 and 12000 1 MHPG
el sigeniRantly wathout amy significant
i performance whereas ot 19000 it
i ot show any signilicant change while
significant delerioralivn in performance.
el measure of changee o central nervous
A achivily and related  wath intensity of
pirtion, atlention: and alertoess o perfonm
ks nsignilicant change in MHPG at 19000
ol Dl cenchal contral neryvous Ayslem
wdversely affected durmg exposure to
of hypoxia with a consequent clngs
function  leading 1w Tunetional

nf mental performance |5

Man dhus be concluded that CA and s
plolite can form a valuable method to asses the
g changes in relation W changes in
gayslen) aolivily during exposure o
envirommueniul stress of hypaxia, noiss
13T,
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