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ABSTRACT

Adequate fluid consumption is essential for humans to function optimally. However,
anecdotal evidence suggests that some aspects of the working environment of air traffic
controllers and pilots may encourage hypohydration. In both professions a high level of
cognitive performance is required; however, at 2% hypohydration fundamental cognitive
abilities such as arithmetic efficiency, working memory, short-term memory and visuomotor
tracking involving attention and motor speed are likely to be impaired.

The aim of this thesis was to examine thirst and fluid intake, as a surrogate for
hypohydration, in two key areas of the aviation industry (controllers and pilots) where fluid
intake may at times be restricted. Also examined are why fluid intake is sometimes restricted

and whether thirst is related to affect, psychological stress and fatigue.

A 67-item questionnaire battery was completed by air traffic controllers in Mongolia
and the pilot instructors and student pilots from a tertiary training institute in NZ. The battery
included 2 measures of thirst, the Samn-Perelli Fatigue scale, the Perceived Stress Scale and a

series of demographic questions.

In total there were 101 participants (50 air traffic controllers and 51 pilots), representing
an overall return rate of 80%. Thirst related sensations were significantly higher in controllers
than in pilots. 14% of pilots restricted their fluid intake before flying to avoid needing to use the
toilet and 48% of the reported starting a flight feeling thirsty; 38% of pilots reported having to
rush to a toilet to urinate after a flight. Similar, although less pronounced effects were reported
by air traffic controllers. Increases in subjective feelings of thirst were correlated with increases
in the fatigue scale. Participants who reported higher subjective feelings of thirst and fatigue,

also reported higher levels of stress.

In conclusion, the findings in this thesis provide some insights regarding hypohydration
in aviation professionals. Most importantly, because of the high numbers of people working in
these professions, and the potentially disastrous costs of making mistakes through a lack of
concentration, that there were participants who reported restricting their fluid intake, feeling
thirst, under stress and fatigued is cause for some concern. Both regulators and future studies
might investigate ways in which workers in these occupations can maintain optimal fluid intake,
or, at the very least (in the case of GA pilots), be made aware of the possible effects of

restricting fluid intake.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ... I
ABSTRACT L. I
TABLE OF CONTENTS ... .ot i
LIST OF TABLES ..o \Y
LIST OF FIGURES ... .o VI
ABBREVIATIONS ... Vil
L INTRODUCTION ...ttt 1

1L GENERAL ..ttt ettt ettt ettt ekttt ettt e s ettt e ek e ke e bbb e e nnes 1

1.2. BRIEF HISTORY AND INTRODUCTION OF MONGOLIAN CIVIL AVIATION AUTHORITY 1
1.3. BRIEF HISTORY AND INTRODUCTION OF NATIONAL AIR TRAFFIC SERVICES OF

Y/ (0] N [cTo ] I PRSPPI 3
1.4. BRIEF HISTORY AND INTRODUCTION OF SCHOOL OF AVIATION, MASSEY
UNIVERSITY ittt iie e ettt et e e e e e ettt e e e e e e s s s eaab b b e e e e e eeeseaastbbeseeeaeeesssaabereeeeeeessansnsrres 6
1.5. NATURE OF AN AIR TRAFFIC CONTROLLER’S WORKING ENVIRONMENT...........c.cvvv.... 8
1.6. NATURE OF A PILOT’S WORKING ENVIRONMENT ....ccciiiiiiiieeiitiieeeecrreeeesenrneeeesnenens 10
1.7. STATEMENT OF THE PROBLEM .....ccuviiiiiiiecitiee sttt ettt e sttt svee s svae e snneennnae e 12
1.8. AIM AND SIGNIFICANCE OF THESIS ...ieiviiiiieeesieeecieeessteeesstreesstreesreeesveeesnneesnnneens 12
1.9. STRUCTURE OF THESIS ...iiittiiiieeeiieeesieeestteeestteeesateesstaeesesaesssseessseessnneeesnnaeessseeans 13
2. LITERATURE REVIEW......co ittt 14
2.1. THE IMPORTANCE OF WATER ...ciiittiiieiiittieeeecitee e e eettaeeeesetteeeeseabeeeessnbseesesanseeeessnens 14
2.2. THE MOTIVES FOR CONSUMING FLUID .....eeiiiiiiieeeiitiieeeeeitteeeeeeireeeeseirreeeesenneeeesenes 15
2.3. CAUSES OF HYPOHYDRATION AND MEASURING HYPOHYDRATION STATUS ............ 18
2.4, BODY WATER.....uttii ettt e ettt e e e ettt e e ettt e e e e et e e e e e et e e e e s eabe e e e e abbeeeesaabaeeeesansreeeennees 22
2.5. THIRST AND ITS MEASUREMENT ....cvtiiiiiiieeeeiiteeeessttaeeessitteeeesssseseessnssneeesanssesessnnens 22
2.6. HISTORICAL STUDY BETWEEN HYDRATION AND MENTAL PERFORMANCE .............. 27
2.7. EFFECT OF HYPOHYDRATION ON HUMAN PERFORMANCE AND HEALTH.................. 27
2.8. EFFECT OF HYPOHYDRATION ON MENTAL PERFORMANCE ........cvvveeiiiiieeeciiieeee e 29
2.9. RELATIONSHIP BETWEEN PILOT/AIR TRAFFIC CONTROLLER WORK ENVIRONMENT
AND HYPOHYDRATION .. .uutttiiieeieesieiittttreeeeeeessseittbrseeseeessssatssssssseaesssssssssseseseeeesssanssssens 36
Y1 = I = [ ] PR 41
3. 1. RESEARCH DESIGN ....cuvtiiieiiiiiee e ettt e ettt e e sttt e e s ettt e e s etaae e e s sbae e e e s snbreeeesanbeeeeeans 41
3.2. RESEARCH STRATEGY ..utiiiiiitiieeeiitieeeesittteeeesitteeeesaittaeeesabeseeessssseeeesassseseesasseseeaans 42
3.3  PARTICIPANTS ...outiiiie ittt e ettt e ettt e et e e e et e e e e et e e e e ebte e e e e snbteeeessnbreeeesanreaeeeans 42
i IMIATERIALS oottt e ettt ettt e e e ettt e e ettt e e e e e bt e e e e e bt e e e e eabeeeeesnnneeeesanareaeesasreneeeans 42
3.4.1 The questionNNAaIre CONTENTS ......cccvieiuieiieecie et 43
3.5, PROCEDURE ....cciittiei ettt ettt ettt e e ettt e e e ettt e e e et e e e s e bba e e e s sabaeeeesanbraeeesanbaneeeans 46
3.5.1 Data COHECHION.......ciiieiii et 47



3.5.2 DAt@ ANAIYSES......civeiiieiiiie e e 48

3.6. ETHICAL CONSIDERATIONS ....itteeeetteee e e e e e et e e e e e e et e eeeeaeseeeeeeeeesnsaaeeeeeeeeeennnnns 48
I o ] ] I I SRR 49
4.1. DEMOGRAPHIC INFORMATION .1tvtttttuiiieeeteessstsissssesesesssssssssessssssssssnsssseessessss 49
4.2. HEALTH, LIFE STYLE AND FLUID INTAKE HABITS ..iiiiiteettitiisieeeeeseessinenseeeesseesssnnns 51
4.3, SUBJECTIVE FEELINGS — THIRST tetttuuiiieeetieesstsiiissesesessssssnssesssssessssnssesesssessssnnnn 57
A4, SUBJECTIVE FATIGUE .uuvuiiiii e iiieetee ettt e ettt st s e e et e e et s e e e e e s s eesb s e eeesseeersrns 60
A5, PERCEIVED STRESS . .eeetttue ittt eeteeeeee e et e e et e et e e e e e e e et ee e e e e e eeeeeeee e aaseeeeeeeeennnnnans 62
A, 0. CORRELATIONS . .. e etteeee e ee e e e e e ettt et e e e et et et e e e et e e ee e e e e e eeeeeeeensaaeeeeeeeeeennnnnens 63
D DISCUSSION .o ettt e e e e e e e e e e e e e 65
5.1 THE MAIN FINDINGS ... eetetteeeeee e e ettt e e ettt e ettt e e eee et e e et et e e ee s e e e eeaeeeererareerernees 65
5.2. HEALTH, LIFE STYLE AND FLUID INTAKE HABITS ..uvvviiiiiieeeisieirrieeireeee e s ssssvsveeneeeens 68
5.3, SUBJECTIVE FEELINGS — THIRST ettttutiteeetieesstiiiesseeesessssssssssessssssssssnssssssssessssnnnn 69
B4, SUBJIECTIVE FATIGUE ..vvtiiiii ettt ettt et e e e et et et s e e e e e s e eess s eeeeesseesnbnnnns 70
DD PERCEIVED STRESS ..itiitttuuiiseeetttstssssssseesstesssssasssesstesssssssssesssssessssnrsreeeseessrrnns 71
D0, FUTURE RESEARCH ..itvitttitie e eeteeetttee s e e e e e teeesaaassseeesesessssasseessessee s st s eeeeeseeessrnnn s 12
.7 LIMITATIONS OF STUDY .ottt et ettt e e e e e e e e e e e ee e e e e e e e e ee e e e e eeeeeeennnnnens 72
5.8. THE IMPLICATIONS FOR AVIATION SAFETY oeeeeteieeeeeeeeeeeeeeeeeeeeeeeteeaeeeeaeeeeennnens 73
B. CONCLUSION ... ettt e e e e e 77
REFERENCES ... ..ottt ettt et e e e e et e e e e e e e eeenaann 78
APPENDIX A. QUESTIONNAIRE FOR PILOTS.......cooiieeee e 93
APPENDIX B. QUESTIONNAIRE FOR ATCS (MONGOLIAN VERSION) ...... 99
APPENDIX C. QUESTIONNAIRE FOR ATCS (ENGLISH VERSION)............ 106
APPENDIX D. LOW RISK NOTIFICATION ...ooevii it eneenns 112



LIST OF TABLES

Table 1: Gender and ProfeSSION. ........coiiiiiiieieie e 50
Table 2: Age group, DY ProfeSSION. .......ccciiiiiiieeie e 50
Table 3: Mean volume of drink in an average day (N=101). .......cccccovniiirieniiniiniinnnnns 52
Table 4: Exercise ratio in tWo ProfeSSIONS. ..........cuoiiiriiiiieieeese e 53
Table 5: DrinKing NADITS.........cc.oiiiiiii s 54

Table 6: Participants’ responses to the question “How do you know when you need to
ATINK?7. ettt e b e bbbt b e et e bt b be e ent e 55
Table 7: Participants’ responses to the question “Do you ever have to rush to the toilet
£ PASS WALET?” . .ottt 56
Table 8: Responses t0 the QUESTIONS. .........cuiiiiiiiieiec e 56

Table 9: Subjective feelings of thirst’s Cohen’s D, mean difference, standard deviation,

degree of freedom, t-value and SIgNITICANCE. ..........ccoiiiiiiieiiii s 58
Table 10: Pearson’s product moment COrrelations. ..........c.eevueereriieerieesineenee e 59
TADIE L1 FALIGUE. ...ttt bbbttt 61
Table 12: Pearson’s product moment correlation. ............ccoccveeiiiiiiiieeiiien i 61
Table 13: Pearson’s product moment correlations. ...........ccocveeriieiiiieniiiee e 64



LIST OF FIGURES

Figure 1: Enroute Chart (MCAA, 2013) ....eoiieeiiesiesieeie et 5
Figure 2: Diamond DA40 Single-Engine and Diamond DA42 Twin-Engine trainer
(Massey UNIVEISITY, 2013) .....cciiieiieiieieiiesieenie e siee et sae e sreeseesneesseeneeas 7
Figure 3: The Visual Analog Scale (VAS) & Categorical Scale (CS) (Millard-Stafford
BE AL, 2012).covooveeeeeeeeeeee e ee ettt r et e ettt 24
Figure 4: Thirst related sensations in ATCs and Pilot participants. * indicates values are

significant at p<0.05 between ProfesSions. ........cccccvveiveii i 58

Vi





