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PREFACE 

This edited volume contains papers presented at the 14th International 
Conference on Environmental Ergonomics held in Nafplio, Greece, July 
2011. The first part of this electronic book contains all abstracts in a short 
form. In the second part, a certain number of these papers, which were 
submitted on an optional basis, are listed in extended form.  
 
The Conference proceedings entail a total number of 168 papers, 
submitted by 411 researchers from 30 different countries. The materials 
are derived from: one enlightened key-note lecture, 6 symposia focusing 
on current issues, 14 oral and 9 poster sessions devoted to the latest 
research endeavours, covering specific topics under the general theme of 
humans working under environmental extremes. They are dealing with a 
diverse list of topics such as performance in hypoxia, cold induced 
vasodilatation, acclimatization in the heat, factors determining 
environmental survival, modelling thermal stress, etc. The contents of this 
volume are arranged according to these symposia, oral and poster 
sessions.  
 
Proceedings from previous Environmental Ergonomics conferences, which 
commenced in 1984, may be obtained from the following web site:  
 

http://www.environmental-ergonomics.org/ 
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SHORT ABSTRACTS 
FATIGUE CAUSING FACTORS DURING EXERCISE: THE HYPOXIC 
ENVIRONMENT PARADIGM  

JOSE CALBET 

During whole body exercise, increasing the oxygen carrying capacity of 
blood enhances exercise capacity and relieves fatigue, while the opposed 
is observed when the oxygen capacity of blood is reduced. Hypoxia 
reduces both the arterial oxygen content and the arterial PO2 and several 
studies have shown that the reduction in exercise capacity in hypoxia is 
related to the decrease in oxygen saturation, i.e., arterial oxygen content. 
However, in severe hypoxia low arterial PO2 may have an additional 
contribution to fatigue, beyond that elicited by local mechanisms related 
to an increased anaerobic metabolism. During incremental exercise to 
exhaustion in severe acute hypoxia fatigue (i.e., interruption of exercise) 
is caused by central mechanisms mostly linked to low brain oxygenation. 
By using carbon monoxide, we have shown that low arterial PO2 appears 
to play a major role rather than reduced arterial O2 content in causing 
central fatigue. On the other hand, with leg occlusion experiments we 
have revealed that oxygenation has a local almost instantaneous 
ergogenic effect, implying that not only the brain but also the fatigued 
muscles respond swiftly to increases in PaO2 when exercising in severe 
hypoxia. Afferent feedback from the respiratory muscles and the fatigued 
locomotory muscles may modulate these responses. 

TEMPERATURE REGULATION 
THEORETICAL AND METHODOLOGICAL ASPECTS OF 
TEMPERATURE REGULATION 

IS BODY TEMPERATURE MEASUREMENT AN ILLUSIVE CONCEPT? 

NIGEL TAYLOR 

Body-tissue temperature measurements are relatively simple, and these 
data are easily interpreted, though misinterpretation is common. 
Moreover, in a disturbingly cyclical fashion, debates re-appear concerning 
the merits of certain thermal indices, the strengths and weaknesses of 
those indices, and whether or not tissue temperatures are valid heat 
balance surrogates. This presentation focuses upon these issues from the 
perspectives of mechanistic and applied physiologists. The primary 
question must be: what information do you wish to obtain by measuring 
tissue temperatures? The mechanistic physiologist may be interested in 
estimating variations in thermoafferent flow, the sensitivity of 
thermoreffectors to thermal perturbations, or may simply be seeking a 
specific or clamped thermal state. For this, a knowledge of the thermal 
status of the principal thermoresponsive tissues is essential: 
hypothalamus, spine, major blood vessels, skin. Applied physiologists may 
wish to quantify the thermal impact of, or perhaps the heat storage 
associated with, stressful environments, clothing use, load carriage or 
various work intensities, and sometimes these data must be acquired in 
the field. Both groups have subject safety in mind. Can these diverse 
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demands all be satisfied using the same body temperature 
measurements? Mechanistic indices have this potential, but may be 
unsuitable for applied research, and field-based indices rarely provide 
useful mechanistic information. These diverse requirements, and more, 
will be explored within this presentation. 
 

INTEGRATION OF MECHANISMS OF HEAT DISSIPATION CONTROL 
DURING EXERCISE 

NARIHIKO KONDO, YOSHIMITSU INOUE & TAKESHI NISHIYASU  

During a prolonged exercise in the heat, human faces the difficult 
situation of controlling core temperature and systemic blood pressure. 
This indicates that a key for maintaining exercise in the heat is how to 
control both the variables even increase in core temperature associated 
with exercise has impaired the control of the blood pressure. In 
connection with this, it has been reported recently that human has 
developed a remarkable system for endurance running in the heat, 
meaning that we can outrun almost all other mammals and can 
sometimes do even horses, especially when it is in the heat. Why? During 
exercise, to control heat losses (sweating and skin blood flow) there are 
two main factors such as thermal factors (core and skin temperature), and 
work factors (non-thermal factors; central command, muscle metabo-
mechano receptors and so on). Although increases in thermal factors have 
always a positive effect on heat losses, non-thermal factors have a 
positive effect on sweating but not the vasodilation. Thus, we will discuss 
an integrative control of heat loss responses during exercise. Also, it 
would be good if we could show a co-benefit effect of exercise training for 
a possibility that might prevent a grovel warming. 

CROSS ADAPTATION BETWEEN THERMOREGULATION AND 
CARDIOVASCULAR SYSTEM 

MICHAL HOROWITZ & EINAT KODESH 

Heat-acclimation (AC) and exercise training (EX) are powerful stressors, 
causing stressor-specific structural remodelling to enhanced heart and 
skeletal muscles performance. To improve performance and fulfill 
thermoregulatory demands in hot environments there is a need to 
combined AC and EX. However, when stressors are combined, additive, 
overriding or exclusion effects are likely to occur. Given this hypothesis, 
here we analyse echocardiography, isolated hearts/cardiomyocytes 
physiology and transcriptome profiling data to determine the mode of 
interaction between AC and EX in the evolvement of exercised-trained-
heat-acclimated cardiac phenotype (EXAC). Whereas training primarily led 
to increased muscle mass, AC was mainly responsible for modulations in 
the excitation-contraction (EC) coupling dynamics. The intrinsic contractile 
features of the EXAC group resembled those of AC hearts and were 
different from those of EX hearts, exhibiting slower contractile velocity vs. 
that of EX and controls. Hence, chronic heat induces qualitative changes 
in the EC coupling cascade in an overriding manner. A drop in heart rate 
demonstrated a similar overriding response. In contrast, exercise training 
per se induced cardiac hypertrophy and augmented Ca2+ signals to 
generate greater contraction by adrenergic driven metabolic pathways. 
The transcriptome profile implied that the interaction between prolonged 
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heat and exercise exposures yields EXAC-specific molecular program to 
improve EXAC performance as will be discussed. 

THERMAL PERCEPTION AND EXERCISE CAPACITY IN THE HEAT 

STEPHEN CHEUNG 

Some models of exercise regulation suggest that exercise performance, 
rather than being solely limited by the attainment of fatigue in one or 
more physiological systems, is modulated by psychological factors. 
Extrapolating from such models, exercise capacity and voluntary 
performance during exercise in hot environments may be governed by a 
complex interplay between the physiological effects of hyperthermia along 
with psychological input stemming from the conscious perception of the 
thermal environment. Evidence is emerging for a neuro-anatomical basis 
for peripheral and central thermal receptors to elicit both a distinct 
physiological response such as shivering or sweating along with being 
mapped into an overall subjective sensation of homeostasis. Experimental 
evidence supporting this interactivity includes the demonstration that 
physiological manipulations, such as increased fitness, appear to confer an 
attenuation of thermal discomfort during whole-body exercise despite 
similar levels of physiological strain. At the same time, psychological 
interventions have proven effective in decreasing perceived thermal strain 
and extending exercise performance in hot environments. The purpose of 
this talk is to survey the potential interactions between thermal perception 
and exercise performance in the heat. 

THERMOGENESIS AND HEAT LOSS MECHANISMS 

EVIDENCE THAT HEAT PRODUCTION PER UNIT MASS, NOT RELATIVE 
EXERCISE INTENSITY, DETERMINES CHANGES IN CORE TEMPERATURE 
DURING EXERCISE 

OLLIE JAY, ANTHONY BAIN, TOMASZ DEREN & MATTHEW CRAMER 
INTRODUCTION Since Saltin & Hermansen (JAP,1966) reported similar 
end-exercise core temperatures at a given relative intensity, irrespective 
of aerobic capacity (VO2max), conventional wisdom states that VO2max 
profoundly influences thermoregulatory responses during exercise. We 
hypothesize that changes in core temperature are in fact determined by 
heat production per unit mass during exercise irrespective of VO2max. 
METHODS Seven fit (F) (VO2max: 60.1±1.7 ml/kg/min) and seven unfit 
(UF) (VO2max: 40.3±1.2 ml/kg/min) males matched for body mass (F: 
78.2±2.3;UF: 78.7±2.7 kg) cycled for 60-min at 1) 105 W external 
workload; and 2) 60% VO2max in a temperate environment. Rectal 
temperature (Tre), aural canal temperature (Tau) and metabolic heat 
production (Hprod) were measured throughout. Whole-body sweat loss 
(WBSL) was measured using body mass changes. RESULTS At 105 W, 
Hprod (F: 7.0±0.2;UF: 6.9±0.4 W/kg, P=0.80), change in Tre 
(F:0.87±0.06°C; UF:0.87±0.07°C, P=1.00), change in Tau (F: 
0.70±0.04°C;UF: 0.74±0.08°C, P=0.65), and WBSL (F: 434±30; UF: 
440±16 mL, P=0.86) were similar between groups. However relative 
exercise intensity was different (F: 39.7±1.6%; UF: 57.6±3.0% VO2max; 
P=0.001). At 60% VO2max, F had greater values than UF for Hprod (F: 
10.7±0.5 W/kg; UF: 7.7±0.5 W/kg, P<0.001), change in Tre (F: 
1.43±0.11°C; UF: 0.89±0.07°C; P=0.001), change in Tau  (F: 
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1.11±0.08°C; UF: 0.66±0.05°C,P<0.001), and WBSL (F: 807±59; UF: 
486±22 mL, P=0.001). CONCLUSION Changes in core temperature and 
sweating during exercise are not independently altered by VO2max, but 
determined by heat production and body morphology 

SKIN TEMPERATURE MAPPING IN THE COLD:THE ROLE OF 
SUBCUTANEOUS FAT 

DAMIEN FOURNET, LINDSEY ROSS, THOMAS VOELCKER, BERNARD 
REDORTIER & GEORGE HAVENITH  

INTRODUCTION Variations in subcutaneous fat thickness (SFT) are 
thought to contribute to variations of skin temperature (Tsk) over the 
body (LeBlanc 1954). This has however never been extensively 
investigated. The purpose of this study was to map both SFT and Tsk. It 
was hypothesized that SFT patterns would play a major role in the Tsk 
distribution pattern whilst exercising in the cold. METHODS Nine males 
and nine females ran for 40 minutes (70% VO2max) in 10°C, 50% 
relative humidity. SFT at 24 body sites was measured prior to testing. 
Whole-body Tsk was recorded by infrared thermography before, during 
and after exercise. RESULTS Despite changes in absolute Tsk, Tsk 
distribution patterns remained consistent throughout the test and were 
similar in both genders. Only the thigh Tsk displayed a consistent relation 
with SFT over time. Within subjects, an inverse relation between Tsk and 
SFT was observed for the 6 sites on the front torso, but not for the back 
torso nor for all 24 sites together. CONCLUSION SFT influenced Tsk 
distribution over the front torso, but not for the whole-body possibly due 
to local differences in skin blood flow and muscle insulation. Similarity of 
Tsk patterns for males and females represent a novel finding 

INITIAL WHOLE BODY MECHANISM(S) TO HUMIDITY IN HOT CONDITIONS 

MARK NEWTON, MARTIN BARWOOD & MICHAEL TIPTON 
INTRODUCTION It has long been known that humans have no receptors 
to directly sense humidity. It has been identified that humidity is sensed 
indirectly by abrupt changes in skin temperature. This experiment sought 
to identify the thermal response of the clothed individuals to warm, high 
humidity environments. It is hypothesised that Initial perceptual response 
to humidity is through a combination of clothed and unclothed areas on 
the body. METHODS Eight participants undertook a series of interventions 
exposing the clothed body (wearing underwear, an MCA boilersuit and 
running shoes), the hands and the head to step changes from a cool 
moderate (22oC and 50% RH) to a warm high RH (33oC and 80% RH) or a 
hot low RH (48oC and 28% RH) environment, while sweating as a result of 
passive heating and exercise. RESULTS The head was found to have a 
much larger influence (~35%) on whole body thermal perceptions than 
would be expected from its surface area. The boilersuit modulated 
changes in skin temperature to <60% (~0.7oC/min) of those observed in 
the unclothed regions; the clothed body accounts for ~60% of the overall 
thermal perception. CONCLUSION It is concluded that the initial 
perception of humidity is sensed through a combination of the exposed 
hands, head and face and the clothed body regions and strongly 
correlates with the rate of change of skin temperature and evaporative 
heat loss is modulated by clothing 
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DOES REDUCED HEAT PRODUCTION DURING MILD WHOLE BODY 
COOLING OVERRIDE INCREASED HEAT GENERATION BY PRE-SHIVERING 
MUSCLE TENSION? 

KALEV KUKLANE, JUHANI SMOLANDER, INGVAR HOLMÉR & LEIF 
VANGGAARD 

INTRODUCTION Preshivering thermogenesis (developing muscle 
tension) may not be noticed in static situations due to reduced 
metabolism under mild body cooling. This paper describes the 
observations of metabolic and heart rate changes under mild body 
cooling. METHODS Eight men participated in the study. The subjects were 
dressed in shorts, socks and shoes, and were seated. The air temperature 
(32 °C) was after 25 minutes gradually reduced to 13°C (0.2 °C/min). 
Rectal, finger, central skin and air temperatures were recorded. Heart rate 
was measured continuously. Oxygen consumption was analysed under 5 
minutes at 30th and 90th minutes. RESULTS Metabolic rates were 
commonly decreasing (57±8 at 30th and 55±11 W/m2 at 90th minute) 
during cooling. In one subject (quickest finger cooling and increased final 
core temperature) the metabolic rate did not reduce. His momentary AVAs 
reaction indicates a more complex neural input than core cooling. In one 
subject onset of strong shivering raised metabolism considerably. The 
mean heart rate of all subjects followed the major trend in metabolic rate 
(80±12 at 30th and 72±12 beats/min at 90th minute). CONCLUSION 
Increased metabolic rate under mild cooling was not observed, eventually 
due to the absence of strong enough thermo regulatory responses such as 
increased muscle tension and superficial shivering. There is a need to 
repeat the study involving EMG in order to separate thermoregulatory 
effects from postural effects. 

 

ACCLIMATION ALTERS ENDOCRINE RESPONSE TO EXERCISE IN YOUNG 
MEN IN THE HEAT 

ANDRES BURK, SAIMA TIMPMANN, KAIRI KREEGIPU, MARIA TAMM, KALLE 
KARELSON, LUULE MEDIJAINEN, EVE UNT & VAHUR ÖÖPIK  

INTRODUCTION The aim of the study was to assess the effect of 
acclimation on endocrine response to exercise in the heat. METHODS 
Young males completed three tests: T1 (walk till exhaustion in the heat), 
T2 (walk in temperate environment; duration equal to that of T1), T3 
(walk till exhaustion in the heat). The subjects were non-heat-acclimated 
in T1 and T2; T3 was completed after 10-day acclimation. Air temperature 
and relative humidity were 42oC and 18%, respectively, in T1, T3 and 
during acclimation, and 22oC and 35% in T2. The blood level of 6 
hormones was measured. Heart rate and rectal temperature were 
registered. RESULTS Walking time increased from 86.4±28.8 min in T1 to 
158.0±50.1 min in T3 (P<0.005). Blood levels of prolactin, growth 
hormone (GH), adrenocorticotropin, renin, cortisol and aldosterone were 
lower in T3 compared to T1 during exercise. At exhaustion, similar levels 
of five hormones were observed in T1 and T3. An exception was GH, the 
level of which was lower at exhaustion in T3 compared to T1 (P<0.05). 
CONCLUSION Acclimation slows down the increase in blood hormones 
but, except in case of GH, does not reduce the peak level at the end of 
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exhausting endurance exercise in the heat. 

HABITUATION OF THERMAL SENSATION FOLLOWING REPEATED DAILY 
EXPOSURE TO MENTHOL  

JASON GILLIS, NEIL WESTON, JAMES HOUSE & MICHAEL TIPTON  
INTRODUCTION  
A single exposure to menthol shifts human thermal sensation (TS) 
towards a greater sense of coolth. This study tested whether this 
sensation habituates. Due to a paucity of research in this area, we 
adopted the null hypothesis that there would be no diminishment in TS. 
METHODS Twenty-two participants were assigned to one of three spray 
conditions: control (n=6), 0.05% menthol (n=8), 0.2% menthol (n=8). 
Each participant wore a breathable shirt that was sprayed with 100mL of 
solution and completed eight exposures over five days; on Monday (20°C, 
50%RH) they were sprayed and undertook 40-minutes of cycling at 45% 
of their maximal power (Ex1), from Tuesday to Thursday (30°C, 50%RH) 
they were sprayed twice daily while resting, Friday was a repeat of 
Monday’s test (Ex2). The change in TS between Ex1 and Ex2 was 
compared by time and condition using two-way ANOVA (alpha=0.05). 
RESULTS The change in TS between Ex1 and Ex2 differed significantly 
between conditions (P<0.01), whereby Ex1 felt significantly cooler than 
Ex2 in the 0.05% (P<0.05) and 0.2% (P<0.01) menthol spraying 
conditions, compared to the control spraying condition. CONCLUSION 
The cooling influence of menthol seems to habituate after repeated daily 
exposures; we therefore reject the null hypothesis. 

PHYSIOLOGY OF HEAT STRESS AND COLD 

EFFECTS OF 6-HOUR EXPOSURE TO LOW RELATIVE HUMIDITY AND LOW 
AIR PRESSURE ON INSENSIBLE PERSPIRATION AND BLOOD VISCOSITY 

YUTAKA TOCHIHARA, AKIRA TAKEDA, YUKARI YASUYAMA, NOBUKO 
HASHIGUCHI & YUMI KAJI 

The purpose of this study was to investigate the long time effects of low 
relative humidity (RH) and low air pressure on insensible perspiration and 
blood viscosity. Fifteen young healthy male subjects were exposed to four 
conditions, which combined RH (10%RH or 60%RH) and air pressure (N: 
sea level or L: equivalent to an altitude of 2000m). The subjects remained 
seated on a chair in the chamber for 6 hours. Their diet and water intake 
were restricted before and during the experiment. Insensible perspiration 
for 10%RH was significantly greater than that for 60%RH. A significant 
difference in insensible perspiration between air pressure conditions was 
observed and insensible perspiration for the L-10% condition was greater 
than in the other conditions. Though blood viscosity for the 60%RH 
condition after exposure decreased compared to before exposure, that for 
the 10% conditions increased. Moreover blood viscosity for L-10% after 
exposure was significantly higher than for N-60%. A significant 
relationship between body weight loss and blood viscosity was indicated. 
These findings suggested that a low relative humidity environment might 
increase the risk of thrombogenesis, and that the risk is greater in an 
environment marked by both low relative humidity and low air pressure, 
as in an aircraft.  
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THE EFFECTS OF TYPE 1 DIABETES ON BODY HEAT STORAGE DURING 
EXERCISE IN THE HEAT 

GLEN KENNY, JILL STAPLETON, JANE YARDLEY, PIERRE BOULAY, JANINE 
MALCOLM & RONALD SIGAL 

INTRODUCTION: Studies suggest that the local heat loss responses of 
skin blood flow and sweating during heat exposure may be attenuated in 
individuals with type 1 diabetes [CMAJ, 182(10):2010]. However, the 
ultimate effect of these changes on whole-body heat loss responses and, 
therefore, body heat storage are unclear. METHODS: On separate days, 
eleven endurance trained type 1 diabetic (T1DM) and non-diabetic 
[Controls (CON)] individuals matched for age (34±4 years), aerobic 
capacity (48.0±3.5 mLO2/kg/min), and % body fat (23.5±1.7%) 
performed 60-min of semi-recumbent cycling at a constant rate of heat 
production (400 W) followed by 60 min of seated recovery in the heat 
(35ºC, 20% relative humidity).  The rate of whole-body heat loss, as well 
as changes in body heat content, were measured using direct whole-body 
calorimetry. RESULTS: No differences in whole-body heat loss were 
observed between groups.  Accordingly, the average change in body heat 
content during the 60-min exercise was similar between CON (397±39kJ) 
and T1DM (402±31kJ).  Body heat content remained elevated at similar 
levels for CON (313±42kJ) and T1DM (294±35kJ) after 60-min of 
recovery. CONCLUSION: We conclude that aerobically trained individuals 
with T1DM demonstrate a similar capacity for heat dissipation when 
compared with physically active non-diabetic controls.  

HEART RATE VARIABILITY DURING NEURALLY MEDIATED SYNCOPE 
INDUCED BY HEAT STRESS 

ANDRES CARRILLO, STEPHEN CHEUNG & ANDREAS FLOURIS 

INTRODUCTION We retrospectively compared heart rate variability 
(HRV) indices in heat-stressed individuals leading up to and during 
neurally mediated syncope (NMS: 1 male, 2 female; age: 23.7±2.9 yrs) 
with data collected from randomly selected sex-matched participants 
without NMS symptoms (CON: 1 male, 2 female; age: 22.3±1.5 yrs). 
METHODS Core temperature levels of all participants increased by 0.5oC 
above baseline during heat stress. Minute averages of HRV indices [low 
(LF) and high (HF) frequency bands, and their ratio (LF/HF)] and finger 
blood flow data were measured during 5-min at baseline, 6-min leading 
up to and during NMS, and 2-min post-NMS. RESULTS Leading up to and 
during NMS, LF and LF/HF were significantly higher, and HF was 
significantly lower compared to CON participants (P<0.05). For NMS 
participants, LF and LF/HF significantly increased, and HF significantly 
decreased during NMS compared to baseline (P<0.05). Finger blood flow 
significantly increased during heat stress in all participants compared to 
baseline (P<0.05). DISSCUSSION/CONCLUSION Our findings indicate 
that HRV leading up to NMS induced by heat stress is characterized by an 
exaggerated suppression of parasympathetic and elevation of sympathetic 
activity, suggesting that individuals experiencing NMS during heat stress 
are more physiologically challenged compared to those without NMS 
symptoms. 
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THE INFLUENCE OF VOLUNTARY HYPOCAPNIC HYPERVENTILATION ON 
CUTANEOUS CIRCULATION IN RESTING HEATED HUMANS 

NAOTO FUJII, YASUSHI HONDA, STEPHANE DELLIAUX, BUN TSUJI, 
KAZUHITO WATANABE, AKIRA SUGIHARA, NARIHIKO KONDO & TAKESHI 
NISHIYASU 

INTRODUCTION The purpose of the present study was to investigate the 
influence of hypocapnia induced by voluntary hyperventilation on non-
glabrous skin circulation in resting heated humans. METHODS Nine 
healthy male subjects were passively heated at rest, causing esophageal 
temperature (Tes) to increase by 1.0 °C. At normothermia, +0.6 and +1.0 
°C Tes, the subjects performed voluntary hypocapnic and eucapnic 
hyperventilation. End-tidal CO2 pressure was reduced by 23-25 mmHg 
during hypocapnic hyperventilation, while it was maintained at 
spontaneous breathing level during eucapnic hyperventilation. Cutaneous 
vascular conductance was evaluated as cutaneous red blood cell flux 
measured by laser-Doppler flowmeter / mean arterial blood pressure at 
forearm (CVC forearm) and forehead (CVC forehead). RESULTS CVC 
forearm was significantly lowered by eucapnic and hypocapnic 
hyperventilation at +0.6 °C Tes with significantly greater reduction for 
hypocapnic hyperventilation (P<0.05). Neither eucapnic nor hypocapnic 
hyperventilation significantly affected CVC forearm at +1.0 °C Tes. On the 
other hand, CVC forehead was significantly lowered by eucapnic and 
hypocapnic hyperventilation at +0.6 and +1.0 °C Tes with no significant 
differences in the magnitude between eucapnic and hypocapnic 
hyperventilation (P<0.05). CONCLUSION Our results suggest that in 
resting heated humans, hyperventilation and hypocapnia independently 
cause non glabrous skin vasoconstriction, though the characteristics of 
skin are depending on level of hyperthermia and skin site. 

TRPM8 GENE POLYMORPHISM INFLUENSES ON HUMAN SENSITIVITY AND 
RESPONSE TO COLD 

TAMARA KOZYREVA, ELENA TKACHENKO, TATIANA POTAPOVA & 
MIKCHAIL VOEVODA  

The examination of 69 subjects in Russian ethnic group revealed the 
presence of 20.3% of subjects with the heterozygous genotype containing 
the С allele of the single-nucleotide polymorphism rs11562975 (GC) 
located in exon 7 of the gene encoding the temperature-sensitive ion 
channel TRPM8. The functional differences were associated with different 
genotypes of the rs11562975 polymorphism (GG and GC). The subjects 
with the genotype GC containing the C allele are characterized by 
increased sensitivity to cold. Cold sensitive skin receptors in human with 
genotype GC have less sensitivity to menthol, an agonist of the TRPM8 ion 
channel, compared to one in the subjects with the homozygous genotype 
GG. The subjects with different genotypes showed also various metabolic 
responses to local skin cooling and menthol application: subjects with 
genotype GG did not change the oxygen consumption, while subjects with 
genotype GC decreased the oxygen consumption due to decrease in true 
oxygen to these procedures. The results could be of interest as a potential 
molecular-genetic marker of the individual diversity of human 
temperature and menthol sensitivity. 
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INFLUENCE OF HEAT STRESS, FITNESS AND COMPRESSION GARMENTS 
ON ORTHOSTATIC HYPOTENSION 

SHAWNDA MORRISON, REBEKAH LUCAS, PHILIP AINSLIE, STEPHEN 
CHEUNG & JAMES COTTER 

PURPOSE Whole-body heating and higher aerobic fitness both increase 
the likelihood of syncope although their combined influences may be 
minimised with the use of compression garments. METHODS Fifteen men 
(aerobic fitness range: 30 to 75 mL·kg-1·min-1) completed a 3-min supine-
to-stand orthostatic challenge at normothermia and after passive heating 
(TC +0.5°C from baseline) on two occasions (>7 d); once wearing 
commercially available compression trousers and once wearing low-
compression placebo trousers. Blood flow velocity in the middle cerebral 
artery (MCAv; Doppler), mean arterial blood pressure (MAP; Finometer) 
and end-tidal PCO2 (PETCO2) were measured continuously. RESULTS 
During normothermia, MAP initially decreased 44% within 10 ± 2 s of 
standing while MCAv decreased 41% regardless of compression garments 
or fitness level.  With heating, the relative initial decline in MAP and its 
nadir were unaffected. Independent of fitness and/or compression, the 
orthostatic-induced hypotension with passive heating was related to the 
cerebral hypoperfusion (R2=0.659, p=0.000) and hypocapnia (R2=0.491, 
p=0.039). CONCLUSIONS Compression garments did not remarkably 
influence orthostatic hypotension following passive heat stress. Fitness 
was also unrelated to the degree of orthostatic hypotension, or cerebral 
hypo-perfusion. 

THERMAL RESPONSES DURING AND AFTER WHOLE-BODY 
COOLING 

THE EFFECT OF PROLONGED COLD EXPOSURE ON NEUROMUSCULAR 
FUNCTION OF THE FOREARM 

STEPHEN CHEUNG, DESSI ZAHARIEVA, GEOFFREY HARTLEY & MICHAEL 
TABER  

INTRODUCTION Cold exposure may affect upper body muscle strength 
and endurance, impairing manual function and survival task performance. 
Most studies on muscle function in thermal extremes involve either local 
or short-term (e.g. 2-4h) whole-body cold exposure; however, survival 
situations may involve prolonged exposure and sustained shivering, 
bringing about muscle cooling and fatigue. METHODS Eight participants 
were exposed to 24h at 7.5°C while wearing lightweight coveralls, touque, 
gloves, and neoprene boots, where core temperature decreased by 0.5-
1.0°C but then stabilized with sustained whole-body shivering. At pre-
testing, 4h 10h, 16h, and 22h, three 5-s maximal voluntary contractions 
(MVC) of isometric wrist flexion isolating the flexor carpi radialis, followed 
by one sustained contraction (50±10% of baseline MVC) to voluntary 
tolerance, were performed. RESULTS Six subjects performed the entire 
24h exposure. Tourque at MVC remained similar at 4h (33.5±10.8 Nm), 
10h (29.1±9.6 Nm), 16h (31.9±7.8 Nm), and 22h (29.8±8.8 Nm) 
compared to baseline (33.6± 8.04Nm). Muscle endurance remained 
similar at 4h (31.4±10.7 s), 10h (29.1±9.6 s), 16h (30.4±6.7 s), and 22h 
(28.2±8.2 s) compared to baseline (31.6±7.9 s).  CONCLUSION 
Isometric muscle strength and endurance of the forearm throughout the 
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24h cold exposure was not impaired despite sustained shivering, a 
hypocaloric diet, and sleep restriction. 

RESPONSE PATTERNS IN FINGER AND CENTRAL BODY SKIN 
TEMPERATURES UNDER MILD WHOLE BODY COOLING 

LEIF VANGGAARD, KALEV KUKLANE, JUHANI SMOLANDER & INGVAR 
HOLMÉR 

INTRODUCTION The actual heat loss may be underestimated especially 
in studies employing mild whole-body cooling, if AVA-rich distal areas are 
not taken into account. In the present report, we illustrate the skin 
temperature response pattern in fingers (rich in AVAs) to transient whole-
body cooling as compared to non-acral body sites (without AVAs). 
METHODS Eight men participated in the study. During the test the 
subjects were dressed in shorts, socks and shoes and stayed seated with 
the arms on insulated supports at heart level. The air temperature of 32 
°C was after 25 minutes gradually reduced to 13 °C (0.2 °C/min). Core, 
finger (sulcus lateral to the nailbed) and non-acral skin (8 points) 
temperatures were measured. RESULTS During cooling the mean skin 
temperature in all subjects decreased at a similar rate. Higher variation in 
the end of the cooling could be explained by differences in body fat 
(R2=0.902). Simultaneously, the finger cooling could start with up to 
about 1 hour difference in different subjects. DISCUSSION AND 
CONCLUSION Mean skin temperature did not give any idea on when the 
subjects left thermal neutrality. It is strongly recommended to measure 
finger (or toe) temperatures when maintaining the thermal comfort of the 
subjects in dynamic conditions is important. 

REWARMING OF HEALTHY INDIVIDUALS AFTER COLD WATER IMMERSION 
BY SIMULTANEOUSLY APPLYING WARM WATER AND PULSATING 
NEGATIVE PRESSURE TO THE HAND AND FOREARM 

DAVID FOTHERGILL & WAYNE HORN 

INTRODUCTION This study aimed to determine if applying warm water 
together with pulsating negative pressure to the hand and forearm is 
more effective at rewarming cold stressed individuals than spontaneous 
endogenous rewarming. METHODS Thirteen males each performed two 
trials in which they were immersed to the neck in 12-15°C water for 
approximately 60-min and then rewarmed by either shivering alone 
(control) or by shivering plus the application of 43°C water together with 
periodic cycling of negative pressure (Δpressure change=-50 mmHg) to 
the left forearm and hand (ThermoTube). Core temperature (Tcore) was 
monitored continuously using a rectal probe and radio pill. RESULTS The 
duration and magnitude of the Tcore after drop and the rate of rewarming 
was similar between the ThermoTube and control trials. During the first 
30-mins of rewarming the mean VO2 during the ThermoTube trials was 
15% lower than during the control trials (p<0.05). The median thermal 
comfort ratings averaged 1.3 points higher during rewarming with the 
ThermoTube versus the control trials (p<0.05). CONCLUSIONS Local 
rewarming of the hand and forearm together with the application of 
pulsating negative pressure reduces the metabolic heat production from 
shivering and improves whole body thermal comfort but is no more 
effective at rewarming cold stressed individuals than spontaneous 
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endogenous rewarming. 

AN INVESTIGATION OF FOREARM VASOMOTOR AND SUDOMOTOR 
THRESHOLDS DURING PASSIVE HEATING, FOLLOWING WHOLE-BODY 
COOLING. 

JOANNE CALDWELL, ÅSA NYKVIST, NICHOLAS POWERS, SEAN NOTLEY, 
DANIEL LEE, GREGORY PEOPLES & NIGEL TAYLOR 

The purpose of this study was to evaluate the influence of whole-body 
cooling on sudomotor and vasomotor thresholds during rewarming. Eight 
males participated in two trials (balanced order), during which they were 
immersed (45 min) in either thermoneutral water (control: 33oC) or in 
gradually cooled water (28-23oC). Following immersion, subjects were 
transferred to a climate chamber (28oC), and passively rewarmed. 
Sweating was evaluated from the dorsal forearm (sweat capsule) and 
from skin conductance changes (same location). Cutaneous blood flow 
(laser-Doppler flowmetry) was also measured from this forearm. Following 
the control immersion, the mean body temperature thresholds for all 
thermoeffectors were numerically, but not significantly different (P>0.05). 
However, following whole-body cooling, the precursor sweat threshold was 
elevated 0.18oC (±0.06; P=0.07), whilst that for discharged sweating rose 
0.21oC (±0.03; P<0.05). Conversely, the vasomotor threshold was 
reduced 0.35oC (±0.11; P<0.05). For this thermoeffector, the change in 
the pre-heating mean body temperature (0.41 ±0.10oC), relative to the 
control trial, did not differ significantly from its threshold change 
(P>0.05).  Thus, whole-body cooling delayed sweating, resulting in a 
threshold difference of 0.64oC (P<0.05). These thermoeffectors appear to 
behave independently of the absolute body temperature, and may even 
be coupled with body temperature changes.  

WATER IMMERSION AND RECOVERY FROM INTERMITTENT SHUTTLE-
RUNNING EXERCISE 

JO CORBETT, MARTIN BARWOOD, HEATHER LUNT, ANDREW MILNER & 
MICHAEL TIPTON  

INTRODUCTION The mechanisms underpinning the use of cold water 
immersion (WI) for recovery are unclear.  We examined the effect of 
different WI protocols on recovery from shuttle-running exercise, in 
comparison to a relevant control, and to provide some insight into the 
mechanisms by which cold WI might influence recovery. METHODS Forty 
moderately trained males performed 90 minutes intermittent shuttle-
running, following which they undertook either: 1) 12 minutes standing 
WI (12°C) to the umbilicus; 2) 12 minutes standing WI (35°C) to the 
umbilicus; 3) 2 minutes seated WI (12°C) to the umbilicus; 4) 12 minutes 
walking at 5km·h-1. Soreness, knee flexor and extensor maximal 
voluntary contraction (MVC), hop distance, creatine kinase activity and 
myoglobin concentration were measured pre-exercise and in the 168 
hours post-intervention. RESULTS Shuttle-running increased soreness (1, 
24, 48, 72 hours), creatine kinase and myoglobin (post exercise, 1, 24, 48 
hours), and reduced MVC of the knee extensors (24, 48, 72 hours) and 
flexors (24, 48, 72, and 168 hours), and hop distance (24 and 48 hours). 
No between-groups or interaction effects were evident. CONCLUSION 
The WI protocols were not better than light exercise in facilitating 
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recovery. Future studies examining WI as a recovery intervention should 
include a representative control condition. 

THERMAL COMFORT DURING IMMERSION IN WATER 

JULIEN GUÉRITÉE, BERNARD REDORTIER, JIM HOUSE & MICHAEL TIPTON 

INTRODUCTION We investigated the importance of different body 
regions for thermal comfort (TC) during immersion. We hypothesized that 
with a stable rectal temperature (Tre), skin temperature (Tsk) would be the 
determinant of the loss of TC, which would vary dependent upon clothing 
worn. METHODS Eight male resting volunteers were immersed to the 
neck (supine) in 34.5°C water, which was then cooled over 20 minutes to 
19.5°C (maintained for another 45 minutes). Participants reported the 
loss of TC and the site of discomfort. Volunteers completed four 
immersions in different clothing: Swim briefs; Shorty 
wetsuit+gloves+boots; Long wetsuit; Long wetsuit+gloves+boots. TC, Tsk 
(8 sites) & Tre, were measured. RESULTS As Tre was stable, the loss of TC 
was attributed to Tsk, and most commonly the back. No difference was 
seen in the time to loss of TC between Shorty wetsuit+gloves+boots and 
Long wetsuit conditions. In 19.5°C, TC was higher in Shorty 
wetsuit+gloves+boots than in Long wetsuit. CONCLUSION During the 
early stages of immersion in cool water, the back was an important 
determinant of TC, in four common clothing assemblies. Protecting the 
hands & feet or forearms & calves had the same effect on TC; in colder 
conditions, covering the extremities was more important. 

THE CONTRIBUTIONS OF REDUCTIONS IN SKIN AND DEEP BODY 
TEMPERATURE TO THE HABITUATION OF THE METABOLIC RESPONSE TO 
COLD-WATER IMMERSION 

HITOSHI WAKABAYASHI, MARTIN BARWOOD, CLARE EGLIN, IGOR 
MEKJAVIC, NIGEL TAYLOR & MICHAEL TIPTON 

Our previous work reported an habituation of the metabolic response to 
cold which was specific to the deep-body temperatures experienced during 
habituation (Rees et al. 2002; some of the data presented here were 
previously reported at ICEE). The present study tested the hypothesis that 
repeated falls in skin and deep body temperature produce an habituation 
of the metabolic response, but skin cooling alone will not alter this 
response. Twenty-one male participants were divided into three equal 
groups. All groups completed two immersions in 12°C water until either 
rectal temperature (Tre) fell to 35°C or 90 minutes elapsed. In between 
these immersions the control group avoided cold exposures whilst the 
experimental groups were exposed to five other immersions: one group 
experienced repeated reductions in skin and deep body temperature 
(S+DBTH) that decreased Tre by average 1.15°C; and the other 
experienced repeated reductions only in skin temperature during 5 minute 
immersions. Only the S+DBTH group displayed a blunted metabolic 
response during the second experimental immersion, but only over the Tre 
repeatedly experienced during the intervention. It is concluded that 
repeated falls of skin and deep body temperature induce an habituation of 
the metabolic response that is specific to the deep-body temperatures 
experienced. Skin temperature reductions, on their own, are not enough 
to induce this habituation. 
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THE MAP OF SWEATING 

REGIONAL VARIATIONS IN SWEAT GLAND DENSITY, INSENSIBLE AND 
THERMAL PERSPIRATION, AND THE ELECTROLYTE COMPOSITION OF 
SWEAT: PHYSIOLOGISTS, MODELLERS, ENGINEERS, LEND US YOUR 
EARS 

NIGEL TAYLOR & CHRISTIANO MACHADO-MOREIRA 

We summarise the regional distributions for insensible perspiration, 
eccrine sweat glands and the flow of thermal sweating. The hands and 
feet experience high water-vapour losses (80-160 g.h-1 (hands), 50-150 
g.h-1 (feet)), the head and neck have intermediate diffusion rates (40-75 
g.h-1), whilst all other sites reveal low insensible perspiration rates (15-60 
g.h-1). It was determined that a standardised individual (1.8 m2) will have 
~2.06 million eccrine glands, with the highest density on the volar finger 
(532 glands.cm-2). The volar hand and foot surfaces possess ~25% of all 
sweat glands, but represent only 5.2% of the body surface area. For 
passive heating, the head (0.99 mg.cm-2.min-1), dorsal fingers (0.62 
mg.cm-2.min-1) and back (0.59 mg.cm-2.min-1) show the highest sweat 
rates, with the thighs and legs being the lowest (0.12 mg.cm-2.min-1). 
During exercise, the evaporative potential for each site was proportional 
to its surface area: head 14%, hand 6%, upper limbs 12%, torso 34%, 
lower limbs 30% and feet 4%. Exercise is not associated with a 
redistribution of sweating; it merely becomes more homogeneous. It is 
concluded that evaporative heat loss is roughly proportional to each local 
surface area during rest and exercise, and there is little evidence 
supporting an hierarchical distribution of these sudomotor responses 
during either state. 

UNRAVELLING SOME OF THE COMPLEXITIES CONCERNING THE NEURAL 
CONTROL OF HUMAN ECCRINE SWEATING 

CHRISTIANO MACHADO-MOREIRA, PETER MCLENNAN, STEPHEN LILLIOJA, 
JOANNE CALDWELL, WILKO VAN DIJK & NIGEL TAYLOR 

It is widely accepted that psychological sweating is of noradrenergic 
origin. We challenged this possibility, investigating primary and secondary 
sweating responses (forehead, forearm, dorsal and palmar hand, calf) to 
palmar pain, mental arithmetic and handgrip exercise in nine 
thermoneutral, and then passively heated subjects (core temperature 
elevation of 0.5oC). Following this latter state, a systemic, cholinergic 
blockade (atropine sulphate: 0.04 mg.kg-1) was administered while a 
thermal clamp was sustained. These stimuli were then re-applied. Finally, 
heating was increased to re-establish thermal sweating. These non-
thermal treatments elicited significant sweating only from the palm when 
thermoneutral (P<0.05). Following heating, each stimulus induced 
sweating from every site (P<0.05). Conversely, during the blockade, none 
of these challenges could evoke either primary or discharged sweating 
(P>0.05). However, when the thermal clamp was removed, and body 
temperatures were driven upwards, thermal sweating was restored 
(P<0.05), even though each subject was still atropinised. Since atropine is 
a competitive antagonist, it was assumed this breakthrough was mediated 
by increased acetylcholine release. The complete absence of sweating 
during this blockade makes it highly unlikely for other neurotransmitters 
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to have significantly driven sweating prior to the blockade. Instead, these 
observations establish the importance of cholinergic pathways for non-
thermal sweating, contesting the relevance of noradrenergic efferents. 

BODY MAPPING OF SWEATING PATTERNS IN TRAINED AND UNTRAINED 
MALES IN MILD EXERCISE-INDUCED HYPERTHERMIA 

CAROLINE SMITH & GEORGE HAVENITH  

INTRODUCTION Aerobic training has been suggested to increase sweat 
output and distribution of gland activity (increased peripheral sweating), 
producing a more efficient sweat distribution over the body. Aim: measure 
RSR in aerobically trained (TR) and untrained males (UT). Hypothesis: 1) 
significant inter- and intra-regional sweat variation over the body, 2) 
significantly higher RSR in all regions in TR males, with a higher peripheral 
sweat distribution compared to UT. METHODS Nine TR (23±3 yrs, 
178.5±4.1 cm, 73.8±5 kg, 70.2±13 ml.kg.min-1) and six UT males (22±3 
yrs, 181.4±4 cm, 78.2±12.4 kg, 42.7±7.2 ml.kg.min-1) ran 60 minutes 
involving 2 exercise intensities (55 and 75 %VO2 max) in 25.6±4.5°C, 
48.5±0.5% RH, and 2 m.sec-1 air velocity. RSR were measured over 70 
regions using an absorbent technique (Smith and Havenith 2011). Core 
temperature was measured via telemetry pill and skin temperature was 
measured using infrared thermography. RESULTS Gross sweat loss was 
significantly higher in TR vs UT males (p<0.001). Absolute RSR were 
significantly greater in most regions in TR vs UT males (p<0.05) with little 
difference in distribution between groups. CONCLUSIONS Significant 
inter- and intra-regional sweat rate variation was present in all subjects, 
however, no evidence for a change in sweating distribution between UT 
and TR was observed.  
REFERENCES Smith CJ and Havenith G (2011). Body mapping of 
sweating patterns in male athletes in mild  
exercise-induced hyperthermia. Eur J Appl Physiol. DOI: 10.1007/s00421-
010-17448  
THE INFLUENCE OF AEROBIC FITNESS ON REGIONAL SWEATING DURING 
EXERCISE IN A TEMPERATE ENVIRONMENT 

MATTHEW CRAMER, CHRISTOPHER BELL & OLLIE JAY 

INTRODUCTION While whole-body sweat rate (WBSR) during exercise at 
a fixed heat production is independent of VO2max, the distribution of local 
sweating may be altered by emotional strain. We hypothesize that during 
fixed heat production exercise, local sweat rate on the forehead (LSRhead) 
would be greater in low VO2max individuals whereas WBSR and sweating on 
the forearm (LSRarm) would not. METHODS Subjects with high 
(HI:60.0±4.5 ml·kg-1·min-1, n=9) and low (LO:40.2±3.9 ml·kg-1·min-1, 
n=10) VO2max cycled for 60-min at a fixed heat production of 275 W·m-2. 
Steady-state WBSR was calculated by changes in body mass between 45 
and 60-min while LSRhead and LSRarm were determined using technical 
absorbents between 55 and 60-min. Rectal temperature (Tre), ratings of 
perceived exertion (RPE) and heart rate (HR) were measured throughout. 
RESULTS End-exercise LSRhead (HI:0.87±0.13; LO:1.67±0.20 mg·cm-

2·min-1; P=0.005), RPE (HI:10.4±0.7; LO:13.1±0.5; P=0.003) and HR 
(HI:112±4; LO:148±7 bpm; P=0.003) were significantly different 
between groups. However, changes in Tre (HI:0.97±0.22; 
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LO:0.92±0.06°C; P=0.632), steady-state WBSR (HI:0.46±0.02; 
LO:0.47±0.02 mg·cm-2·min-1; P=0.739) and end-exercise LSRarm 
(HI:0.31±0.10; LO:0.35±0.08 mg·cm-2·min-1; P=0.307) were not 
different between groups. CONCLUSION Exercise at a fixed heat 
production elicits a greater cardiovascular and subjective strain in the LO 
group that potentially augments sudomotor activity in areas associated 
with emotional sweating. 

THE INFLUENCE OF DRINK TEMPERATURE UPON THERMOREGULATORY 
SWEATING DURING EXERCISE IN A TEMPERATE ENVIRONMENT 

ANTHONY BAIN, NICOLE LESPERANCE & OLLIE JAY 

INTRODUCTION The effects of beverage temperature upon 
thermoregulatory heat loss responses during exercise remain unclear. We 
hypothesized that ingestion of cold (<10°C) vs. hot (>37°C) water would 
cause a disproportionate decline in the potential for net heat loss, 
primarily via reduced sudomotor activity. METHODS Six males cycled at 
55% VO2max for 75-min on four separate occasions while ingesting 12.8 
mL•kg-1 of 1.5°C, 10°C, 37°C or 50°C water. Skin temperature (Tskin), 
mean local sweat rates (LSR: forehead, upper-back, forearm) and whole 
body sweat loss (WBSL) were measured throughout. RESULTS Significant 
differences in WBSL (50°C: 765±58mL; 37°C: 720±63mL; 10°C: 
689±88mL; 1.5°C: 653±55mL) were observed between 50°C and 1.5°C, 
50°C and 10°C, and 37°C and 1.5°C (P<0.05). Mean LSR (50°C: 
0.69±0.18 mg·cm-2·min-1; 37°C: 0.61±0.21 mg·cm-2·min-1; 10°C: 
0.56±0.13 mg·cm-2·min-1; 1.5°C: 0.49±0.11 mg·cm-2·min-1) was 
significantly different between 50°C and 1.5°C, and 50°C and 10°C 
(P<0.05). No significant differences were found in dry heat loss calculated 
from Tskin. However, the potential for net heat loss was 88±48 kJ less with 
1.5°C vs. 50°C water (P<0.05). CONCLUSION The 1.5°C vs. 50°C drink 
elicited a reduction in evaporative potential that was disproportionate to 
the amount of conductive heat transfer to the fluid. These data may be 
explained by over-responsive thermosensors located in the viscera. 

HEAT LOSS RESPONSES DURING PASSIVE HEATING WITH DIFFERENT 
TYPES OF PHYSICAL TRAINING 
TATSURO AMANO, ANNA OOUE, YOSHIMITSU INOUE & NARIHIKO KONDO 

INTRODUCTION It is reported that endurance training improves heat 
loss responses. However, it is unknown whether these responses differ 
between types of physical training such as sprinters and distance runners. 
METHODS Nine distance runners, 11 sprinters and 8 untrained men 

(V
．
O2max: 59.1 ± 1.2, 50.9 ± 1.2, 38.2 ± 1.8 mL/kg/min, respectively) 

underwent passive heating for 50 min. The sweating rate (SR) and 
cutaneous vascular conductance (CVC) on the chest, forearm, thigh and 
palm were measured continuously during the passive heating. In addition, 
acetylcholine-induced forearm SR was measured by iontophoresis. 
RESULTS The oral temperature thresholds for the onset of the mean SR 
and CVC calculated from non-glabrous skins in distance runners were 
significantly lower than that of sprinters and untrained men (P<0.05). The 
slope of relationship between sweating and oral temperature was 
significantly higher in distance runners than in untrained men (P<0.05) 
and that of CVC was not significantly different among groups. 
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Acetylcholine-induced SR was significantly higher in distance runners as 
compared with other groups. CONCLUSION The results in this study 
suggest that the training of distance runners only improves heat loss 
responses during passive heating and sweat gland function in the training 
level of this study. 

METHODOLOGICAL ASPECTS  

CLINICAL EVALUATION OF A NEW NON-INVASIVE SENSOR FOR 
CONTINUOUS CORE BODY TEMPERATURE MEASUREMENT IN HUMANS 

HC GUNGA, O OPATZ, A STAHN, A WERNER, M SANDSUND, RE 
REINERTSEN,F SATTLER & J KOCH 

INTRODUCTION Measurement of the core body temperature (cbt) is 
fundamental to the study of human temperature regulation and usually 
rectum or esophagus are taken as cbt measurement sites. Those sites 
exhibit limited applicability under field conditions, therefore a non-invasive 
cbt sensor (Double Sensor, DS)(a) has been developed (Gunga et al. 2008, 
Gunga et al 2009). The study evaluates the applicability of this DS under 
different settings and compares rectal and vesical cbt versus DS. 
METHODS Study (A): N=20, thermal, cardiovascular data were collected 
at 10, 25, 40°C ambient temperatures. Study (B) clinical setting, cbt 
during deep hypothermia (14-16 °C) in 24 patients. RESULTS (A) 
revealed that i) DS differed –0.16 to 0.1°C from average of rectal 
temperature and DS, ii) showed with increasing ambient temperatures 
increasing concordance correlation coefficients (Lin’s CCC) (10°C:0.49; 
25°C:0.69; 40°C:0.75), iii) exhibited a faster temperature decrease at all 
resting periods at all ambient conditions as compared to rectal 
temperature (P<0.01). (B) depicted that DS showed great accuracy 
(CCC=95%) and reflects in a temporal pattern the reperfusion rate of a 
body part after occlusion of the great vessels CONCLUSION DS seems to 
be a reliable method of assessing cbt under different environmental and 
clinical conditions. 
REFERENCES Gunga, H.-C., Sandsund, M., Reinertsen, R.E., Sattler, F. & 
Koch, J. (2008). A non-invasive device to continuously determine heat 
strain in humans. J. Therm. Biol. 33: 297-307.  
Gunga, H.-C., Werner, A., Stahn, A., Steinach, M., Schlabs, T., 
Koralewski, E., Kunz, D., Belavý, D.L., Felsenberg, D., Satter, F. & Koch, 
J. (2009). The Double Sensor-A non-invasive device to continuously 
monitor core temperature in humans on earth and in space. Respir. 
Physiol. Neurobiol. 169 Suppl 1: S63-S68.  
(a) Several EU and US patents applied 
This research was partly supported by the Draegerwerke AG and the DLR/BMWi Projects 50WB0223 and 
50WB0724. 

EVALUATION OF DIFFERENT HEAT FLUX SENSORS FOR THE USE IN 
HUMAN SUBJECT STUDIES 

RETO NIEDERMANN, AGNES PSIKUTA & RENÉ ROSSI  

The direct measurement of heat dissipation with a heat flux sensor on 
human skin was used by several researchers. The sensors need to be 
accurately calibrated and the measured value corrected. In addition, it is 
recommended to calibrate the heat flux sensors before using. However, 
the calibration methods used in the physiological studies were different in 
terms of heat transfer mechanism and geometry (plate, cylinder). The aim 
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of this work was to evaluate the performance of different commercially 
available heat flux sensors on heated instruments of various geometrical 
forms and heat transfer mechanisms.  
We attached the heat flux sensors onto heated surfaces with flat or 
cylindrical geometry and calculated the calibration factor therefrom. We 
found differences in the calibration factors of up to 61 % between the 
heated surfaces. Only some of the obtained calibration factors matched 
with the manufacturer’s calibration factors, which accept an error of ± 5 
%. We conclude that the manufacturer’s calibration factors are not always 
valid for different possible measurement settings. Furthermore, the 
calibration method should correspond to the intended purpose of use and, 
therefore, a respective calibration setting, such as a nude or covered 
vertical cylinder should be chosen for human subject studies. 

IMPROVING NON-INVASIVE CORE TEMPERATURE MONITORING IN 
INFANTS UNDERGOING SURGERY 

YANNICK MOLGAT, SHIRLEY CHOU, KIMMO MURTO & OLLIE JAY  

INTRODUCTION The accurate measurement of core temperature is an 
essential aspect of perioperative management in the pediatric population. 
Invasive measurement sites are accurate but carry inherent risks. A need 
therefore exists for a sufficiently accurate form of non-invasive 
thermometry. Little information exists detailing the magnitude and 
repeatability of error between non-invasive sites and core temperature. 
METHODS Forty-one pediatric patients (0 to 36 months) undergoing 
minor surgical procedures (e.g. hernia repair) participated. Temperature 
was measured continuously in the nasopharynx (Tnaso), three non-invasive 
skin surface sites (over the axilla (Taxilla), carotid artery (Tcarotid) and liver 
(Tliver)) as well as in the aural canal (Tau). RESULTS Compared to Tnaso, 
mean error (±SD) in an experimental group (EG) of 21 patients was -
0.46±0.28°C for Tcarotid; -0.96±0.45°C for Tliver; -0.12±0.50°C for Taxilla; 
and -1.23±0.84 for Tau. Adjusting raw Tcarotid, Tliver, Taxilla and Tau values in 
a validation group (VG) of 20 patients by the mean errors derived from 
the EG, 75%, 40%, 27% and 29% of variation in Tnaso was explained. 
CONCLUSION Results indicate that skin temperature over the carotid 
artery provides a reliable prediction of core temperature using a simple 
correction factor of approximately +0.5°C. Validation across a greater 
range of core temperatures is required. 

TEMPERATURE PILL TRACKS RECTAL BUT NOT ESOPHAGEAL 
TEMPERATURE DURING SHORT HIGH INTENSITY EXERCISE 

LENNART TEUNISSEN, ARNOLD DE HAAN, JOS DE KONING & HEIN 
DAANEN 

INTRODUCTION Core temperature measurement with an ingestible 
telemetry pill during rapid changes in body heat content has been scarcely 
investigated. Therefore we aimed to compare the temperature pill to 
rectal and esophageal temperature during high intensity exercise in the 
heat. METHODS In this study, nine subjects performed a protocol of rest, 
exercise and recovery in 30°C. Pill temperature (Tpill) was compared to 
esophageal (Tes) and rectal temperature (Tre). Exercise consisted of 10 
min submaximal cycling and 8 min maximal cycling with 2 min rest in 
between. RESULTS Tpill corresponded well to Tre but deviated from Tes 
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during exercise and recovery (figure 1), differing 0.13±0.26°C and -
0.57±0.53°C respectively during maximal exercise. Limits of agreement 
for the entire trial were [-0.37; 0.65°C] for Tpill-Tre and [-0.97; 1.05°C] for 
Tpill-Tes. Response time and rate of change during exercise were similar for 
Tpill and Tre, while Tes responded and increased significantly faster. Peak 
Tpill did not differ from peak Tre, while peak Tes was 0.42±0.46°C higher, 
with individual extremes up to 1.21°C. CONCLUSION For monitoring core 
temperature during high intensity exercise in the heat, Tpill provides a 
good index of Tre but does not track the rapid changes and peak values of 
Tes. 

SKIN CONDUCTANCE AS AN INDICATOR OF THERMAL COMFORT DURING 
EXERCISE IN WARM CONDITIONS 

NICOLA GERRETT, BERNARD REDORTIER & GEORGE HAVENITH  

INTRODUCTION Skin wettedness (w) is a strong predictor of thermal 
comfort during rest and low level exercise in the heat (Gagge et al. 1967, 
Fukazawa & Havenith 2009) but it levels off at higher sweat rates, despite 
discomfort further increasing. Hence an alternative measure to w for the 
prediction of discomfort is proposed: skin conductance (COND). 
METHODS After 15 minutes rest, ten males (23 ± 2 years, 182 ± 7.52 
cm, 74.81 ± 8.41 kg) ran for  40 minutes at 70%  in 25°C, 30% 

RH, equipped with humidity (MSR) and COND sensors (Biopac) at the 
chest, triceps, scapula, and thigh. Data were averaged per 5-minute 
periods. Thermal discomfort ratings were asked every 5 minutes 
RESULTS While w values levelled off, COND increased throughout the 
test, as did discomfort ratings. COND had a stronger relationship to 
discomfort than w at the chest (r2= 0.969, r2=0.904), triceps (r2=0.979, 
r2=0.8986), scapula (r2=0.894, r2=0.837) and thigh (r2=0.941, r2=0.907) 
respectively. DISCUSSION While w levels off when the whole skin 
surface is wet, COND further increases. As it reflects what is occurring on 
and within the skin, it better represents discomfort at higher sweat rates. 

CUTANEOUS THERMAL THRESHOLDS OF TROPICAL INDIGENES RESIDING 
IN JAPAN  

JOO-YOUNG LEE, ILAHM BAKRI, SAYO TORAMOTO & YUTAKA TOCHIHARA 

The purpose of this study was to explore the evidence for 
deacclimatization in cutaneous thermal sensations of tropical indigenes 
that reside in temperate climates. 13 tropical indigenes, who had resided 
in Japan up to 61 months, and 11 temperate indigenes participated. 
Cutaneous thermal thresholds for warm, hot, cool, and cold sensations 
were measured. Our results showed that, 1) for tropical indigenes, no 
significant relationship was found between duration of stay and thermal 
thresholds, while tropical individuals with a greater body surface area per 
body mass were more sensitive to cutaneous warmth (p = 0.055); 2) 
both tropical and temperate indigenes displayed significant relationships 
between total body fat and noticeable temperatures for warm and hot 
sensations (p<0.05), whereas no relationship was found for cooling; 3) 
there were differences of 3.3, 3.5, 4.2, and 7.3oC, respectively, between 
tropical and temperate indigenes’ sensitivity thresholds for warm, hot, 
cool, and cold sensation (p<0.05); 4) both inter-threshold sensory zones 
between warmth and coolness, and between hot and cold sensations were 
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wider for the tropical than for the temperate indigenes. It was concluded 
that the nature of heat acclimatization in cutaneous thermal thresholds 
was retained despite a stay in temperate climates of up to 61 months. 

EFFECT OF AMBIENT TEMPERATURE ON SURFACE TEMPERATURE 
MEASUREMENTS 

AGNES PSIKUTA, RETO NIEDERMANN & RENÉ ROSSI 

An accurate measurement of surface temperature is essential in thermo-
physiological measurements. Few studies indicated that the measured 
surface temperature could depend on environmental conditions, the 
attachment method, and the type of sensor. However, no systematic 
study was done which would address collectively all these aspects in a 
selection of temperature sensors presently used in thermo-physiological 
measurements. The purpose of this study was to systematically compare 
and quantify the performance of different commercially available 
temperature sensors attached to a heated plate using a selection of tapes 
and at various environmental conditions. This study clearly shows that the 
sensor type and the attachment method influence the results of 
temperature measurements. The sensor shape and the contact of its 
sensing area to the surface, as well as the conductance of the tape are the 
most important parameters to reduce the influence of the environmental 
conditions on the surface temperature measurement. These results 
suggest carefully choosing the temperature sensors and attachment 
methods for human subject trials and emphasizing the necessity to report 
these parameters in publications. 

AGE, INJURIES AND THERMOREGULATION 

EFFECT OF PRIOR EXERCISE ON A COLD SENSITIVITY TEST IN 
INDIVIDUALS WITH NON-FREEZING COLD INJURY 
CLARE EGLIN, FRANK GOLDEN & MICHAEL TIPTON 

INTRODUCTION A chronic symptom of non-freezing cold injury (NFCI) is 
increased cold sensitivity which can be assessed using a cold challenge 
test (CCT). The aim was to examine the effect of prior exercise on the 
CCT response in individuals with NFCI. METHODS 23 participants, 
previously diagnosed with NFCI, undertook two CCTs in a randomised 
order. Participants either rested at >30°C for 79(19) min (REST), or for 
31(11) min before exercising gently for 12 min (EX). Following REST and 
EX the participants placed their injured foot in 15°C water for 2 min, this 
was followed by spontaneous rewarming for 10 min. RESULTS Skin 
temperature (Tsk) before immersion was similar in both conditions. 
Following immersion, Great toe Tsk in EX reached 63% of pre immersion 
values sooner than REST and was higher at 5 and 10 min of rewarming. 
Over the first 5 min of rewarming, changes in Great toe Tsk were 
correlated with changes in skin blood flow in the EX but not REST 
condition. No relationship was observed between Tsk in either CCT and 
severity of NFCI clinically assessed separately. CONCLUSION Exercise 
prior to the CCT increases the rate of Tsk rewarming and this is correlated 
with changes in skin blood flow.  
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LOCALIZED TETRAHYDROBIOPTERIN SUPPLEMENTATION AUGMENTS 
REFLEX CUTANEOUS VASOCONSTRICTION AND VASODILATION IN AGED 
HUMAN SKIN 

LACY HOLOWATZ, JAMES LANG, ANNA STANHEWICZ & LARRY KENNEY  

INTRODUCTION Reflex cutaneous vasoconstriction (VC) and vasodilation 
(VD) are attenuated in primary aged humans. The essential cofactor 
tetrahydrobiopterin (BH4) for norepinephrine and nitric oxide synthesis 
(NOS) which are necessary for full expression of reflex VC and VD is 
reduced. We hypothesized that in aged humans acute BH4 
supplementation would augment cutaneous vascular responses during 
whole body cold and heat stress, respectively. METHODS In two separate 
protocols reflex VC and VD were induced with a water perfused suit in 
young and older men and women. Skin blood flow was continuously 
measure with laser-Doppler flowmetry over three intradermal microdialsis 
sites serving as 1) control, 2) BH4 supplemented, and 3) negative control 
(adrenergic or NOS blockade). Data were normalized to conductance 
(CVC). RESULTS In cooling studies, %CVCbase was attenuated at the 
control site in aged with Tsk<32.0°C compared to young skin (p<0.01) 
and was augmented with localized BH4 supplementation across the 
decrease in Tsk (p<0.01 vs. control site). In heating studies %CVCmax was 
attenuated in aged compared to young skin and was augmented with 
localized BH4 supplementation (p<0.01 vs. control site). CONCLUSIONS 
Localized BH4 supplementation increased NA-mediated vasoconstriction 
and NO-dependent vasodilation in aged human skin during whole body 
cooling and heating, respectively.  

THERMAL RESPONSES IN OLD AND YOUNG MEN TO THERMAL 
CONDITIONS MAINTAINED IN UNDRESSING ROOM BY RADIANT 
HEATING, FORCED AIR HEATING, FLOOR HEATING, OR NO HEATING 

KAZUYO TSUZUKI, IKUE MORI, AYAKO YASUOKA 

INTRODUCTION/METHODS To investigate the effects of heating 
systems on the human body, experiments were conducted with 6 young 
(24 +/- 4 years old) and 6 old men (69 +/- 5 years old). The climatic 
chambers were set at air temperature (Ta) of 10 °C and 25 °C with 50% 
relative humidity (RH). Undressing room (1.8 m x 1.8 m x 2.2 m) was 
located in the 10°C chamber and the space of it was heated for 20 min by 
one of three different heating apparatuses with the same electric power 
(500W) before the subject entered. The Ta in the undressing room was at 
between 14°C and 17 °C when the subject walked from 25 °C chamber 
and stripped down, and then increased to between 18°C and 22°C during 
the experiment. RESULTS The mean skin temperature was 33.5°C, 31°C, 
30.5°C, and 29°C in the radiant heating, forced air heating, floor heating, 
and no heating, respectively. The old men showed colder and more 
uncomfortable than the young men in the undressing room. The systolic 
blood pressure (SBP) increased significantly when the subject walked from 
25°C to the undressing room. CONCLUSION The SBP was significantly 
higher in the old men than the young men in the undressing room.  
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PHYSIOLOGICAL AND SUBJECTIVE RESPONSES IN THE ELDERLY DURING 
EXPOSURE TO LOW RELATIVE HUMIDITY AND HUMIDIFICATION EFFECTS 

YUKARI YASUYAMA, AKIRA TAKEDA, YUTAKA TOCHIHARA, & NOBUKO 
HASHIGUCHI 

INTRODUCTION We evaluated the physiological and subjective responses of the 
elderly in a low humidity environment for the purpose of collecting basic data on indoor 
hygrothermal environments in which elderly people could live comfortably and safely. In 
addition, we compared the humidification effect with young subjects. METHODS 
Thirteen elderly men (68.0 ± 2.2 yrs) and sixteen male students (23.3 ± 
1.0 yrs) participated in this study. The test room conditions were adjusted 
to provide 25℃ Ta constantly, and relative humidity was kept at 30% RH 
or humidified to 50% RH from 30% RH. RESULTS Our results showed 

that 1) in the elderly, mean skin temperature (T
_

sk) was lower than that of 
young subjects. 2) Although saccharin clearance time (SCT) decreased in 
the young subjects with humidification, there were no differences between 
humidity levels in the elderly. 3) Regarding dry sensation, while the vote 
of the ‘wet’ side tended to be higher in the young at 50% RH, the 
differences between humidity conditions were not remarkable in the 

elderly. CONCLUSION In conclusion, T
_

sk was lower in the elderly with or 
without humidification, the elderly experienced less effect of 
humidification on the activation of nasal mucus cilia transport function and 
felt humidity changes less keenly.  

HEAT STRAIN IN ELDERLY DURING HEAT WAVES IN THE NETHERLANDS 

HEIN DAANEN, BERT HEUSINKVELD, BERT VAN HOVE & NATASCHA VAN 
RIET  

INTRODUCTION It is well documented that morbidity and mortality of 
the elderly increases substantially in the heat. How elderly cope with heat 
strain has hardly been investigated and therefore is the topic of this 
study. METHODS Eight elderly were monitored during the hot July days in 
2010 in The Netherlands. A Hidalgo system was used to record core 
temperature and heart rate. Also, temperature at the back of the hand 
and just below the collar bone was determined. A questionnaire was filled 
in to quantify thermal behavior and experienced heat strain. RESULTS 
Core temperatures close to 38°C during the day and skin temperatures of 
close to 36°C during the night were observed in subjects that complained 
of heat strain problems. Thermal behavior was often inadequate, e.g. 
absence of ventilation, wearing insulative clothing. CONCLUSION In 
summary, we observed high core and skin temperatures in the elderly 
during hot days and during the night in combination with complaints of 
heat related problems. 

THE EFFECTS OF A 7-DAY HEAT ACCLIMATION PROTOCOL IN PERSONS 
WITH PARAPLEGIA AND TETRAPLPEGIA. 

MIKE PRICE, JENNY KIRATLI & MICHELLE BRAND 

INTRODUCTION Persons with spinal cord injury demonstrate a reduced 
sweating capacity below the level of lesion and may not acclimate to 
exercise and heat stress. The aim of the study was to examine the effects 
of heat acclimation in persons with paraplegia (PA) and (TP). It was 
hypothesized that neither group would demonstrate heat acclimation 
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adaptations. METHODS Five persons with PA and four with TP undertook 
30 min of arm crank exercise at 50% peak power on seven consecutive 
days (35°C and 40% relative humidity). Aural and skin temperatures and 
ratings of perceived thermal strain (RPTS) were recorded. RESULTS 
There were no differences in aural or mean skin temperature or heat rate 
during exercise between day 1 and day 7 of heat acclimation for either 
group (P<0.05). RPTS were reduced on day 7 when compared to day 1 for 
the PA (main effect for day; P<0.05) but not for TP. CONCLUSION These 
results suggest that a seven-day heat acclimation period does not reduce 
thermal strain for PA and TP. The lack of adaptation is most likely due to 
the reduced or absent sweating capacity being unable to produce sweat 
rates of sufficient magnitude in order to induce thermoregulatory 
adaptations. 

PREVENTING ENVIRONMENTAL DISORDERS 

DO ELDERLY INDIVIDUALS RESPOND AND ADAPT WELL TO HOT 
WORKING ENVIRONMENT? 

GLEN KENNY 

The ability to physiologically maintain body core temperature during heat 
stress becomes compromised with age.  This decrease in 
thermoregulatory ability can be attributed to a combination of factors, 
including changes in sweating, blood flow to skin and cardiovascular 
function.  The problem can be exacerbated by the decreases in overall 
physical fitness, increases in body adiposity and chronic disease that may 
accompany aging.  As a result, physical work capacity and tolerance to 
heat stress decrease.  Performing physical work in the heat leads to 
greater physiological strain, as manifested by higher core and skin 
temperatures, increased heart rate, and a lower sweat rate for middle-
aged individuals compared to younger adults.  In combination, these age-
related changes in thermoregulatory and cardiovascular function can 
decrease the body’s ability to maintain body core temperature at safe 
levels, especially during extended exposure to heat or to physical activity 
in the heat. This presentation will examine our current research examining 
thermoregulatory responses of the elderly and those with chronic disease 
during heat stress as assessed by direct whole-body calorimetry. 

ACCLIMATIZATION TO HEAT-FROM MAN TO BENCH 

YORAM EPSTEIN, MICHAL HOROWITZ & YAIR SHAPIRO 

Heat acclimation induces adaptive changes that improve the ability to 
cope with extreme environmental heat. This was already described 
qualitatively 250 years ago. During the mid 1900s (circa 1940-1980) it 
has been established (quantitavely) that acclimation to heat is manifested 
by an expanded dynamic thermoregulatory span, which is reflected by a 
lower temperature threshold (Tsh) for heat dissipation, and a delayed Tsh 
for thermal injury. Oveall, following 7-10 day of acclimation Tsh for skin 
vasodilation and sweating is lower and the sensitivity of both mechanisms 
is improved. Plasma volume is increased and the cardiovascular strain is 
decreased. Ultimately, heat tolerance is enhanced. Animal studies during 
the 2nd half of the 1990s (circa 1970-1990) revealed similar adaptive 
features. The latter enabled to investigate the mechanisms underlying 
heat acclimation at the cellular and genomic level. The hypothesis that 
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acclimation to heat follows a two phase process was raised. During the 
first phase – short-term acclimation (STHA) – accelerated autonomic 
excitability plays a major role in the control of body heat. However, 
acclimatory homeostasis can only be reached following the long-term 
acclimation (LTHA) phase, which is characterized by increase thermal 
effector efficiency as well as enhanced cytoprotective mechanisms, of 
which the inducible HSP72 plays a crucial role. 

FACTORS DETERMINING PROLONGED SURVIVAL UNDERWATER 

MICHAEL TIPTON 

Hypothermia can kill and it can protect. During an accidental submersion 
flushing of water in and out of the lungs can results in rapid selective 
brain cooling and prevent irreversible damage to the brain; provided it is 
cooled before cardio-respiratory activity stops due to drowning (about 2 
minutes). This mechanism may explain survival times of up to 66 minutes 
underwater with full recovery. Differing accounts of prolonged survival 
underwater have led to some confusion between the agencies responsible 
for the search, rescue and resuscitation of submersion victims. The aim of 
this work was to recommend a decision-making guide for such victims. 
The guidance was produced from a review of the relevant literature and 
specific case studies, and a “consensus” meeting on the topic. The factors 
found to be important for prolonged survival underwater were: water 
temperature; water salinity; duration of submersion; and age of the 
victim. Of these, only water temperature and duration were sufficiently 
clear to form the basis of guidance. It is concluded that if water 
temperature is warmer than 6°C, survival/resuscitation is extremely 
unlikely if submerged longer than 30 minutes. If water temperature is 6°C 
or below, survival/resuscitation is extremely unlikely if submerged longer 
than 90 minutes. 

RECENT ADVANCES AND CONCERNS IN BODY FLUID REPLENISHMENT 

STAVROS KAVOURAS 

Water and electrolyte balance are critical for the function of all organs and 
indeed, for maintaining health in general. It has been shown that losses 
as small as 2% of body weight increases significantly physiologic strain, 
decrease exercise performance and hinder the thermoregulatory 
advantages conferred by high aerobic fitness and heat acclimatization. 
Dehydration has also a negative effect on mood, cognition and motor 
skills. Fluid replenishment will reduce thermal and cardiovascular strain 
and enhance exercise performance, especially during exercise in the heat. 
Studies have shown that even mouth rinsing with a carbohydrate solution 
will activate selected segments of the brain and will enhance exercise 
performance. Recently, swallowing a small amount of carbohydrate 
electrolyte solution or water seems to have a performance enhancing 
effect during intense cycling or running exercise. On the other side 
excessive amount of dilute fluids, beyond sweat losses and/or excessive 
sodium losses by sweating, can lead to dilutional hyponatremia with 
serious side effects. Although thirst can give an indication for fluid 
consumption, the development of a hydration plan is recommended for 
optimal health and performance.  
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CIVD: MECHANISMS, TELEOLOGY AND PRACTICAL 
APPLICATIONS 

COLD-INDUCED VASODILATATION (CIVD) AS A BENEFICIAL MECHANISM 
TO PREVENT COLD INJURIES 

IGOR MEKJAVIC & STYLIANOS KOUNALAKIS 

Upon its discovery by Lewis (1930), it was hypothesized that the cold-
induced vasodilatation (CIVD) response was a cryoprotective mechanism 
(Lewis 1930; Grant 1939). It was later demonstrated (Iida, 1949) that 
subjects with a high resistance to frostbite also had a pronounced CIVD 
response, whereas those with a low resistance to frostbite exhibited a 
weak CIVD response. This led to the development of the Resistance Index 
for Frostbite (Yoshimura and Iida 1952). Due to increasing evidence that 
the presence and magnitude of the CIVD response may be beneficial in 
preventing cold injury (Daanen & Struijs 2005), the focus of current 
research is in elucidating the factors governing the CIVD response, and to 
establish a training regimen, that would enhance the CIVD response in 
individuals with an inherent weak CIVD response. The presentation will 
review the available evidence that the peripheral vascular response to 
cold, characterized by the CIVD response, may be used as a predictor of 
cold injury, and if trainable, could provide protection against freezing and 
nonfreezing cold injury.  

TRAINABILITY OF COLD INDUCED VASODILATION IN FINGERS AND TOES 

HEIN DAANEN, JENS KOEDAM & STEPHEN CHEUNG  

INTRODUCTION Subjects that repeatedly have to expose the extremities 
to cold may benefit from a high peripheral temperatures in order to 
maintain dexterity and tissue integrity. Therefore we investigated if 
repeated immersions of the extremities in cold water resulted in increased 
skin temperatures. METHODS Sixteen subjects immersed their right 
(trained) hand and foot simultaneously in 8°C water, 30 minutes daily for 
15 days. Only during the pre and post test (day 1 and 15, respectively) 
the left (untrained) hand and foot were immersed as well. Pain, tactile 
sensitivity and skin temperatures were measured every day. RESULTS 
Mean toe temperature of the trained foot increased from 9.5 ± 0.9°C to 
10.0 ± 1.4°C. The trained hand, however, showed a drop in mean finger 
temperature from 9.3 ± 0.5 °C to 8.9 ± 0.4 °C and the number of CIVD 
reactions decreased. No differences occurred in the untrained extremities. 
Pain diminished over time. CONCLUSION The combination of less CIVD 
responses in the fingers after training, reduced finger skin temperatures in 
subjects that did show CIVD and the reduced pain over time may lead to 
an increased risk for finger cold injuries in stead of favorable adaptations. 

CIVD: FROM THEORY TO PRACTICAL APPLICATIONS  

ANDREAS D. FLOURIS 

The initial response of endothermic organisms to cold exposure is a 
sympathetically-mediated peripheral vasoconstriction that is directly 
aimed at minimizing loss of body heat. Although this mechanism appears 
appropriate and should persist for the entire duration of a cold exposure, 
Sir Thomas Lewis in 1930 and many others since have discussed a 
paradoxical acute increase in local cutaneous blood flow that develops 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 43 

sporadically in peripheral areas of the body such as the feet in birds, ears 
in rabbits, tail in rats, as well as the face, hands and feet in humans. This 
counterintuitive phenomenon has been termed ‘cold-induced vasodilation’ 
(CIVD) and it may protect against cold injury to the extremities. It is 
generally agreed that there is a central component in CIVD, given that 
normothermic and/or centrally warm humans demonstrate accelerated 
CIVD responses, while those that are centrally cold reveal CIVDs of 
delayed onset and lesser magnitude. However, after more than seven 
decades of research, the precise function(s) and the causative agent(s) of 
CIVD remain unclear. The aim of this talk will be to present different 
theories describing the mechanism(s) behind CIVD which will then be 
translated into practical applications for field and clinical conditions. 

THE PHYSIOLOGICAL BASIS OF THE CIVD: IS IT A HOMOGENEOUS AND 
CONSISTENT RESPONSE? 

MICHEL DUCHARME 

Cold-induced vasodilatation (CIVD) is a complex physiological reaction 
characterized by the vasodilatation of cold-exposed blood vessels.  It is 
believed that the CIVD response is associated with a decreased risk of 
tissue cold injury, improved manual dexterity and tactile sensitivity and a 
decrease of pain associated with cold exposure. Some believe that the 
response is a thermoregulatory reflex contributing to body heat loss.  
Over eighty years of research has identified more than 25 factors capable 
of influencing the response. The majority of the relationships between 
those factors and the CIVD response are ill understood and likely non-
linear. The exact mechanism explaining the CIVD response is still unclear; 
six potential mechanisms are being considered. The response is non-
systematic, with a high degree of heterogeneity among body sites, and 
the reproducibility of the response is not uniform among measurement 
sites and physiological variables used to describe the response. In 
addition, there is a high inter and intra-personal variability in the 
response. It is proposed that our limited understanding of the CIVD 
reaction and its apparent variability could be associated to the complexity 
of the physiological function and the absence of standardization for a 
research protocol to measure, characterize and compare the CIVD 
response. 

BEHAVIOUR IN THE HEAT: THE UNDERESTIMATED PLAYER 

PACING REGULATION DURING EXERCISE IN THE HEAT: THE ROLE OF 
THERMAL PERCEPTION 

MARTIN BARWOOD, JO CORBETT, DANNY WHITE & JASON JAMES 

INTRODUCTION Fatigue occurs prematurely during exercise in hot 
conditions. The role of thermal perception in driving pacing has yet to be 
determined. We tested the hypothesis that improved thermal perception 
(feeling cooler and more comfortable) in the absence of changed thermal 
state, would alter pacing and improve cycling time trial (TT) performance. 
METHODS Eleven participants (mean [s.d]: Age 30 [8.1] yrs; height 1.78 
[0.06] m; mass 76.0[8.3] kg) completed three 40km TTs in standardized 
conditions (32°C, 50%RH) with thermal perception altered prior to one TT 
using cold-receptor-activating menthol spray (MENTHOL) in contrast to a 
control spray (CON-SPRAY) and no spray control (CON). Thermal 
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perception, thermal responses and performance were measured. 
RESULTS MENTHOL improved thermal perception prior to and during 
exercise. There was no difference in the pacing strategy adopted as a 
consequence of the altered thermal perception (5km sections or the first 
10 km of each TT) despite a difference in skin temperature profile at the 
start of exercise (CON-SPRAY 33.3 [1.1]°C & MENTHOL 33.4 [0.4]°C cp 
CON 34.5 [0.5]°C). There was no performance benefit in the MENTHOL 
condition; TT completion time CON: 71.58[6.21], CON-SPRAY: 70.94 
[6.06], MENTHOL 71.04 [5.47] minutes. CONCLUSION Thermal 
perception is not a primary driver of pacing during cycling in hot 
conditions. 

CHARACTERIZATION OF THERMAL SENSATION CLUSTERS WITH 
PHYSIOLOGICAL INDICATORS IN VARIOUS AMBIENT TEMPERATURES 
DURING REST 

ARMELLE BIGOURET, FABRICE DE OLIVEIRA & CLAUDINE GEHIN  

The inter-individual variability in the thermal response is a major problem. 
So, the aims of our study were: 1) to assess the variability in thermal 
sensation votes in a panel with limited individual differences and 2) to 
characterize this possible variability with physiological responses in 
different thermal environments. Eleven volunteers were resting quietly for 
1 hour (30min : acclimation + 30 min : measurements) in six different 
thermal environments (in that order: 22°C, 17°C and 25°C for the 
morning; 25°C, 19°C and 30°C for the afternoon). The autonomic nervous 
system's activity, skin temperature, skin blood flow, skin capacitance, 
transepidermal water loss, skin barrier recovery capacity and the thermal 
sensation (with ASHRAE scale) were recorded. The statistical analysis 
identified two clusters with thermal sensation criteria. One had a 
significant lower thermal sensation, higher water content in the forearm, 
higher transepidermal water loss, higher red-green chromaticity on the 
cheek and a trend to have a higher skin blood flow. These findings 
suggest a greater capacity to regulate or to lose heat for this cluster and 
may explain the lower overall thermal sensation for this cluster. With this 
study we successfully characterized the variability in thermal sensation 
with physiological responses. 

'CROSS-ADAPTATION' COLD HABITUATION INFLUENCES THE RESPONSES 
TO ACUTE HYPOXIC EXPOSURE 

HEATHER LUNT, JO CORBETT, MARTIN BARWOOD & MICHAEL TIPTON 

Habituation to repeated short cold exposures has a cross-adaptive effect 
during hypoxic of rodents (Leblanc 1969), this has not been tested in 
humans. This study tested the hypothesis that cross-adaptation occurs in 
humans. Thirty-two male volunteers were exposed to 10 min bouts of 
normoxic and hypoxic (FIo2 0.12) rest and exercise (100W on a cycle 
ergometer). These were repeated after a 96 h interval, during which 
participants completed six, 5 min immersions in either cold (12°C,CW) or 
thermoneutral water (35°C, TW). Venous blood samples were taken 
immediately after each bout, for determination of catecholamine 
concentrations. A three-lead ECG was recorded and analysed for heart 
rate variability using fast-fourier transformations (displayed as log 
transformed data [Ln]). Compared to the first hypoxic exposure the 
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second resulted in an increased Ln high frequency (Ln HF) power 
(P<0.001) and reduced catecholamine concentrations (P<0.001) in the 
CW group. Catecholamine concentrations were lower in the CW group 
during the second hypoxic exercise compared to the TW group (P=0.042 
and P=0.003). It was concluded that cold habituation reduced the 
sympathetic response and elevated the parasympathetic activity to 
hypoxic exercise. These data suggest a generic autonomic cross-adaptive 
effect between cold habituation and exposure to acute hypoxia in humans. 
LeBlanc J. (1969). Stress and interstress adaptation. Federation 
Proceedings 28, 996-1000. 

EVIDENCE FOR THERMOREGULATORY BEHAVIOR DURING SELF-PACED 
EXERCISE IN THE HEAT 

ZACHARY SCHLADER, STEPHEN STANNARD & TOBY MÜNDEL 

This investigation evaluated whether reductions in intensity during self-
paced exercise in the heat are thermoregulatory behaviors.  Two studies 
were conducted.  In hot (HOT), moderate (MOD), and cold (COLD) 
environments, Study A evaluated the self-selected exercise intensity 
responses of eight male subjects, while Study B observed the conscious 
selection of exercise intensity of eleven male subjects in an 
uncompensable (UNCOMP) and a compensable (COMP) thermal 
environment.  Evidence for thermoregulatory behavior was defined 
relative to specific, pre-determined, criteria.  Exercise intensity (power 
output; PO) was reduced in HOT and UNCOMP over time and relative to 
MOD, COLD, or COMP.  In Study A, linear regression accounted for PO 
variability over time in HOT, yet not in MOD and COLD.  Study B identified 
that reductions in PO were (partially) consciously derived.  In both HOT 
and UNCOMP, PO was inversely related to heat storage and thermal 
discomfort, which seemingly allowed for heat balance.  There was no 
evidence for thermal behavior in MOD, COLD, or COMP.  In conclusion, 
reductions in exercise intensity in the heat are related to increases in 
thermal discomfort and are consistent, consciously mediated, responses 
that improve the capability for heat exchange.  Thus, these responses are 
thermoregulatory behaviours. 

EVALUATION OF HEAT EXPOSURE EFFECTS ON COGNITIVE FUNCTION BY 
ANALYZING OXY-HEMOGLOBIN CHANGES IN THE PRE-FRONTAL 
CORTICAL AREA 

TITIS WIJAYANTO, HITOSHI WAKABAYASHI, SAYO TORAMOTO & YUTAKA 
TOCHIHARA 

This study investigated the effect of heat exposure on human cognitive 
ability. To understand the mechanisms that could explain the relationship 
between heat exposure and cognitive functioning, oxy-hemoglobin 
changes (∆O2Hb) in the pre-frontal cortical area were utilized to analyze 
brain oxygenation while subject performed mental task during exposure 
induced by leg immersion. 11 healthy Japanese males took part in this 
study. Passive heating was induced by immersing subjects’ lower legs to 
the knees in three different water temperatures (38ºC, 40ºC, and 42ºC) 
in an air temperature of 28ºC and 50% relative humidity in random order 
and separated days. Subjects performed a forward digit memory test at 
the final stage of 45 min of leg immersion. ∆O2Hb was monitored 
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simultaneously before and during cognitive task. No significant difference 
in task performance among the three different conditions was observed in 
this study. However, prior to performing the task, as well as during 
performance of the task in the 42ºC water condition, ∆O2Hb significantly 
increased (p<0.05). These findings suggest that during heat stress, the 
human brain tries to maintain a large reserve of O2 in the pre-frontal 
cortical area to protect the brain against reduction in O2 delivery. It might 
then support the existence of limited cognitive capacity during heat 
exposure in maintaining the same performance. 

TEMPERATURE REGULATION 

ACUTE ANXIETY DIMINISHES HABITUATION TO THE COLD SHOCK 
RESPONSE  

MARTIN BARWOOD, JO CORBETT, RICHARD GREEN & LYDIA WEIR-
BLANKENSTEIN  

INTRODUCTION Immersion in cold water triggers the cold shock 
response (CSR). Repeated exposure to cold water produces a habituation 
of CSR. This study tested the hypothesis that acute anxiety could diminish 
habituation to CSR. METHODS Ten participants were tested (mean [s.d]; 
Age 19 [1.5]yrs; height 1.74 [0.12]m; mass 77.6 [16.7]kg). Each 
completed seven 7-minute head-out immersions in to cold water (15°C). 
Immersions 1-5 induced habituation, immersions 6 and 7 were counter-
balanced to induce anxiety (ANX; instructed that the water was 5°C 
colder) or a control immersion (CON). Anxiety (10cm visual analogue 
scale) and cardiorespiratory responses (heart rate [fc]) and respiratory 
frequency [fR]) were measured. RESULTS Habituation reduced the CSR. 
The participants were more anxious prior to the ANX condition (CON 1.9 
[2.3]cm, ANX 6.6 [4.8]cm). The fc response in the ANX was higher prior 
to immersion and in minutes 1-2, and 4-6 compared to CON; ANX fc 
response was not different at any stage compared to Immersion 1. The fR 
response was higher only in minute 1 of immersion (CON and ANX) 
following which it remained higher only than CON. CONCLUSION Anxiety 
diminishes habituation of CSR. This could reduce the protection provided 
by habituation in a life-threatening immersion scenario where acute 
anxiety levels may be high.  

THE EFFECT OF SKIN SURFACE MENTHOL APPLICATION ON RECTAL 
TEMPERATURE DURING PROLONGED IMMERSION IN COOL AND COLD 
WATER 

PETROS BOTONIS, EUGENIA CHEROUVEIM, STYLIANOS KOUNALAKIS, 
MARIA KOSKOLOU & NICKOS GELADAS  

INTRODUCTION It has been previously shown that skin surface menthol 
application induced a deceleration of rectal temperature (Tre) drop during 
60-min immersion in cool water of 24ºC. The present study aimed to 
extend these observations during 60-min immersion in cold water of 
14°C. METHODS Four healthy male subjects cycled as long as to reach 
38ºC in Tre and immediately after immersed for 60-min in 24ºC or 14°C 
of stirring water, without (NM) and with (M) skin surface menthol 
application. In menthol condition, immersion was preceded by application 
of 4.6 gr menthol per 100 ml of water on the skin all over the body. 
RESULTS The mean Tre decline in 24M (-0.33±0.15°C) was slower 
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compared to 24NM (-0.46±0.19) and 14NM (-0.45±0.23°C, p=0.04 and 
p=0.05, respectively). Moreover, from 40th min of immersion onwards, 
Tre reduction was significantly smaller in 14M (-0.54±0.21°C) than 14NM 
(-0.77±031°C) and 24NM trials (-0.75±0.23°C, p<0.05). CONCLUSION 
These preliminary data confirm previous observations that skin surface 
menthol application induces a deceleration of Tre drop during prolonged 
immersion in cool water of 24ºC; this effect seems, however, to be 
smaller in cold water. 

LONG-TERM COLD EXPOSURE AND COGNITIVE PERFORMANCE: A CASE 
STUDY  

STEPHEN CHEUNG, MICHAEL TABER, GEOFF HARTLEY, GREGORY MCGARR 
& DESSI ZAHARIEVA 

INTRODUCTION Increased popularity of polar tourism increases the 
possibility of ships grounding in extreme environment. As rescue 
operations in these remote locations could potentially take five days to 
complete, an examination of cognitive functioning is needed to ensure 
that evacuees can adequately perform mental tasks required during the 
egress and survival phases. METHODS  To examine the effect of long-
term cold exposure on cognition, one male participant (RC) completed 
baseline, pre-testing, 6h 12h, 18h, 24h and post-testing of memory, 
mental rotation, attention, and choice reaction action time. RC was 
exposed to 5°C for 12 hours followed by 10°C for another 12 hours while 
wearing lightweight coveralls, touque, gloves, and neoprene boots. 
RESULTS RC’s cognitive performance in all tests were lowest during the 
last two hours of 5°C exposure, when core temperature (Tc) decreased to 
near 35.0oC, then returned to baseline values during the 10°C exposure 
when Tc stabilized and then increased. Impairments in cognitive 
performance correlated directly with decreases in core temperature. 
CONCLUSION Given the possibility of long-term cold exposure in the 
event of an abandonment following grounding, safety and survival 
equipment designers and legislators should consider that core 
temperature protection is vital to ensuring both physical and psychological 
survival. 

COLD SENSITIVITY IN WINDSURFERS 

CLARE EGLIN 

INTRODUCTIO One of the symptoms of non-freezing cold injury (NFCI) 
is cold sensitivity, which can be assessed using a cold challenge test 
(CCT). The “normal” uninjured response to the CCT varies and may be 
related to an individuals’ previous cold exposure. The aim of this study 
was to compare the responses of non-cold exposed individuals and 
windsurfers to a CCT. METHODS Eighteen non-smoking, male Caucasians 
aged 20(1) y volunteered, nine were windsurfers (WS) and nine had little 
or no previous experience of cold water immersion or exposure (Control). 
Participants rested for 20 min in 30°C and then stepped for 10 min before 
immersing their right foot in water at 15°C for 2 min, this was followed by 
spontaneous rewarming for 10 min. RESULTS Great toe skin temperature 
(Tsk) was lower in WS than Control before immersion (29.2 ± 2.1°C v 32.7 
± 1.3°C, P=0.01), at 5 (28.2 ± 3.0°C v 33.1 ± 1.8°C, P=0.003) and 10 
min of rewarming (30.1 ± 3.3° v 34.0 ± 1.0°C, P=0.012). CONCLUSION 
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WS had a colder Tsk prior to the CCT and were slower to rewarm indicating 
repeated cold exposure affects cold sensitivity. This could be an 
adaptation to reduce heat loss or indicate sub-clinical NFCI in WS. 

THERMAL COMFORT LIMIT OF THE WHOLE BODY AND LOCAL SKIN 
WETTEDNESSES FOR JAPANESE YOUNG FEMALES 

TAKAKO FUKAZAWA, TSUMUGI SHIMIZU, RIE FUKUYAMA & AYUMI YAKU  

The aim of this study is to examine experimentally relevance of thermal 
comfort at body locations to the whole body in term of the skin wittedness 
index (dimensionless). Sixteen young Japanese female subjects 
participated in the experiments. The examined target locations were three 
body regions of trunk, arms, and thighs. Their area was so selected to be 
almost same and about 17 % of the body surface. The relation of the local 
thermal comfort limit with the local skin wettednesses depended upon the 
individual location. The obtained comfort limit in the arms and the thighs 
were 0.15 ± 0.02 (-) and 0.16 ± 0.02 (-), respectively. On the other 
hand, the comfort limit in the trunk was 0.30 ± 0.05 (-), which was 
significantly higher than those of limbs. The thermal discomfort in the 
whole body wasn’t induced if its skin wettedness stayed within 0.21 ± 
0.03 (-), even if the local skin wettedness at some locations indicated 
much higher values than their local comfort limits.  

PHYSIOLOGICAL DEMANDS OF MUD RESCUE  

GEMMA MILLIGAN, JAMES HOUSE, GEOFF LONG & MICHAEL TIPTON  

INTRODUCTION The aim of his study was to determine the physiological 
costs of mud rescue. METHODS Forty volunteers, in pairs, attempted to 
walk 150m across the mud in three minutes, both without and whilst 
pulling a loaded stretcher (61kg). The metabolic (Metamax, Cortex 
Biophysic GMbH, Germany) and cardiac demands (heart rate, PolarÒ, UK), 
were measured. RESULTS Only four pairs were able to complete the 
stretcher pull at 3km.h-1 or faster. Teams were found to be working 
between 82.5% and 93.2% of their  
VO2max. It was predicted that to undertake a 150m pull with a loaded 
stretcher in 7.5 minutes would require a VO2 of 33.4mL.kg-1.min-1. 
Those experienced in mud rescue required a VO2 that was approximately 
24% lower for a given speed on the mud compared to novices. 
CONCLUSION These data highlighted the high and potentially injurious 
physical demand of mud rescue. Experienced mud rescuers have greater 
mechanical efficiency due to familiarity of mud rescue and task-related 
training. There is a need for mud rescuers to be fit and healthy enough to 
undertake this task, which should be regularly practiced.  

TOURISM IN COLD - ARCTIC CHALLENGE 

SUSANNA PÄÄKKÖLÄ, HANNU RINTAMÄKI, SIRKKA RISSANEN & PÄIVI 
SOPPELA  

Tourism experiences should be memorable in a positive way. In harsh 
arctic weather conditions pleasure and thermal comfort can be affected by 
thermal stress. The degree of discomfort and cold induced pain should 
stay at an acceptable level. The impact of cold, and the risks related to it, 
is needed to be recognized in order to ensure the high quality and safety 
of winter outdoor activities. The responses of the customers were 
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measured in the natural conditions during the reindeer safari in Rovaniemi 
(N 66° 30' E 25° 44'), Finland. So far ten subjects, both females and 
males, have participated in the measurements during reindeer safaris in 
this study. Total duration of the safaris varied from 2.5 to 4 hrs. Local skin 
temperatures, body core temperature and heart rate were measured, and 
general and local thermal sensations, thermal comfort and perceived 
exertion were recorded. The thermal environment was monitored by the 
weather station. The preliminary results show that the cooling of the 
extremities can also occur during the outdoor activities in mild weather 
conditions at springtime. These measurements will be continued through 
out the winters of 2011-2013. 

COLD-INDUCED VASODILATATION AS AN INDEX OF SUSCEPTIBILITY TO 
COLD INJURY 

JURIJ GORJANC, STEPHEN CHEUNG, METKA MILČINSKI & IGOR MEKJAVIC 

We tested the hypothesis that the cold induced vasodilatation (CIVD) 
response of the fingers and toes may provide an index of risk for freezing 
cold injury. CIVD was measured in fingers and toes in: 1) mountaineers 
after FCI (amputated digits), 2) mountaineers without FCI, and 3) non-
alpinists, but who performed regular aerobic activity (Control). Subjects 
successively immersed their left hand and foot in a bath of 8°C water. 
Digit skin temperature responses during immersion were analysed for 
number of CIVD cycles, time to the apex of the first CIVD wave (tmax), 
maximal and minimal temperature of the single wave (Tmin, Tmax), average 
digit skin temperature (Tavg) and final digit skin temperature (Tpost). 
Compared to group 2, group 1 had fewer waves in both fingers and toes, 
had significantly lower Tavg, Tmin, and Tmax, and a significantly shorter tmax. 
With the exception of Tmax, Tavg and Tpost in hands, all group 1 CIVD indices 
for fingers and toes were similar to those of group 3.  We conclude that 
alpinists after FCI are at greater risk for cold injury. Whether this 
susceptibility is a cause or consequence of their injury cannot be 
discerned from the present study.  

HEAT ACCLIMATIZATION IN LINGUISTIC DIMENSIONS EXPRESSING 
THERMAL SENSATION: A COMPARISON BETWEEN INDONESIAN AND 
JAPANESE 

YUTAKA TOCHIHARA, JOO-YOUNG LEE, HITOSHI WAKABAYASHI, TITIS 
WIJAYANTO, ILHAM BAKRI & KEN PARSONS 

The purpose of this study was to explore whether there is evidence of 
heat acclimatization in the linguistic dimension of descriptors used to 
express thermal sensation. A total of 458 urban Japanese and 601 Indonesians 
participated in a questionnaire. Our results showed that 1) the closest thermal 
descriptor of a feeling of thermal comfort was ‘cool’ (74.6%) followed by 
‘slightly cool’ (7.4%), ‘slightly cold’ (4.8%) and ‘cold’ (4.8%) for 
Indonesians, while Japanese responses were uniformly distributed among 
the descriptors ‘cool’, ‘slightly cool’, ‘neither’, ‘slightly warm’, and ‘warm’; 
2) In the cases that ‘cool’ and ‘slightly cold’ were imagined in the mind, 
the descriptors were cognized as thermal comfortable feeling by 96.8% 
and 57.1% of Indonesians, respectively. 3) Japanese respondents 
considered hot weather as being higher than 30.1 ± 2.8oC and cold 
weather as lower than 13.1 ± 4.4oC. Indonesians considered it as being 
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higher than 32.4 ± 3.5oC and lower than 16.5 ± 5.2oC for hot and cold 
weather, respectively. The inter-zone between hot and cold weather for 
Indonesians showed an upward shift of 2−3oC, compared to that of 
Japanese. It is suggested that heat acclimatization exists on a cognitive 
level of Indonesians and is preserved in linguistic dimensions of thermal 
descriptors. 

A COMPARISON OF ICE VEST PRE-COOLING AND COLD WATER 
INGESTION ON THERMOREGULATORY RESPONSES TO EXERCISE IN THE 
HEAT WEARING A BOMB DISPOSAL SUIT 

MIKE PRICE, TOM BROWNLEE, HANNAH GOODMAN, MATT PRIEST, 
SOPHIE TROTTER & CRAIG WOOLLARD  

INTRODUCTION Although pre-cooling and cold water ingestion can 
improve athletic performance these methods have not been considered for 
vocational scenarios. The aim of this study was to compare both methods 
in reducing thermal strain during exercise in hot conditions while wearing 
a bomb disposal suit. It was hypothesized that pre-cooling would reduce 
thermal strain more effectively than cold water ingestion. METHODS 
Eight males undertook three exercise trials (62 min of operationally 
representative activities) wearing a bomb disposal suit in hot conditions 
(40°C); ice vest pre-cooling, ingestion of cold water prior to and during 
exercise or no cooling control. Rectal, aural and mean skin temperatures 
were recorded. RESULTS Mean skin temperature was cooler following 
pre-cooling until 26 min of exercise (P<0.05). Aural temperature was 
subsequently cooler during the latter half of exercise following pre-cooling 
than for the other trials (main effect for trial; P<0.05). Bladder discomfort 
was reported during the water ingestion trials. DISCUSSION Pre-cooling 
for 20 minutes was more effective at reducing thermal strain than cold 
water ingestion. Pre-cooling elicited a delayed reduction in aural 
temperature during exercise. The large fluid volume required to reduce 
thermal strain and associated bladder discomfort with water ingestion 
may render this method operationally ineffective. 

ACUTE ANXIETY INCREASES THE MAGNITUDE AND DURATION OF THE 
COLD SHOCK RESPONSE 

MARTIN BARWOOD, JO CORBETT, TIMOTHY SMITH & PERRY TOMLIN 

INTRODUCTION Immersion in cold water triggers the cold shock 
response (CSR). This study tested the hypothesis that acute anxiety could 
increase the magnitude of CSR. METHODS Eleven participants (mean 
[s.d]; Age 20 [1]yrs; height 1.76 [0.11]m; mass 78.71 [17.30]kg) 
completed two counter-balanced 7-minute head-out immersions in to cold 
water (15°C). Once, the participants were instructed that the water would 
be 5°C colder inducing anxiety (ANX), the other immersion acted as a 
control (CON). Anxiety (10cm visual analogue scale) and cardiorespiratory 
responses (heart rate [fc] and respiratory frequency [fR]) were measured. 
RESULTS The participants were more anxious prior to the ANX condition 
(CON 5.3 [3.6] and ANX 8.4 [5.0] b.p.m-1). The fc response in the ANX 
reached a greater peak (136.4 [15.0] b.p.m-1; CON: 124.0 [17.6]b.p.m-1). 
On average fc was higher prior to immersion and in minutes 3-5 and 6-7 
by an average of 7.2 [2.1] b.p.m-1. The fR response was numerically 
higher throughout but was not statistically different. CONCLUSION The 
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magnitude and duration of the cardiac component of CSR is increased by 
anxiety. This has implications for the cardiovascular strain experienced 
during the life-threatening immersion scenario. Separation in cardiac and 
respiratory components of CSR occurs because of the involuntary nature 
of the cardiac response. 

GENDER DIFFERENCES AND THERMAL RESPONSES DURING EXERCISE IN 
WARM AND COLD ENVIRONMENTS  

MARIANN SANDSUND, JULIE RENBERG, VEGARD SAURSAUNET, OYSTEIN 
WIGGEN, HILDE FÆREVIK, MARIA SUONG TJONNAS & RANDI EIDSMO 
REINERTSEN 

INTRODUCTION The purpose of this study was to investigate thermal 
responses in female and male athletes during exercise in cold and warm 
environments ranging from -14 to 20 °C. We hypothesized that mean skin 
temperature (Tskin) would be lower in women than in men in cold 
environments, and that no significant differences of thermal responses 
between genders would be found in warm environments. METHODS 
Eighteen female (n=9) and male (n=9) endurance athletes were running 
on a treadmill at exercise intensities between 60-95% of maximal oxygen 
uptake at ambient temperatures of -14, -9, -4, 1, 10 and 20 °C. Rectal 
temperature and skin temperatures were measured continuously. 
RESULTS A significantly lower Tskin was registered in women than in 
men at the three lowest ambient temperatures. Significant differences in 
Tskin between all ambient conditions were measured in both genders. 
Discussion / Conclusion: The results demonstrated that exercise in cold 
environments (-14, -9 and -4 °C) reduced the Tskin more in women than 
in men, while exposure to warmer environments (1, 10 and 20 °C) caused 
no differences. This is probably primarily due to differences in body 
composition (i.e. muscle and body fat content) between women and men. 
WIND DIRECTION DOES NOT CHANGE THE ANTERIOR-POSTERIOR TORSO 
SWEAT DISTRIBUTION 

CAROLINE SMITH, JAMES DOVEY & GEORGE HAVENITH 

INTRODUCTION Body sweat mapping (Smith and Havenith 2011) 
showed consistently higher sweat rates (SR) on the posterior compared to 
the anterior torso. It was suggested that the front wind used in these 
tests caused a cooler anterior with lower sweat rates. This hypothesis was 
tested, comparing front wind (FW), back wind (BW) and no wind (NW) 
conditions. METHODS 8 participants (21±1 yrs, 186.9±9.4 cm, 
80.4±8.9kg) cycled 35 minutes at a self selected training work rate (equal 
over conditions) in 25°C, 50% rh with either NW (<0.2 m/s), or a 2 m/s 
FW or BW. Torso sweat was collected using the absorbent pad method of 
Smith and Havenith (2011) in the last 5 minutes in three sections: 
anterior, posterior and shoulders+sides. Skin temperature was registered 
by infrared thermography. RESULTS All SR (g.m-2.h-1) were higher in NW 
than in FW or BW. Regardless of wind direction, SR was always higher on 
the posterior than the anterior torso. The ratio of anterior to posterior SR 
did not change significantly between wind conditions. No significant 
difference in Tsk was present between the anterior and posterior torso 
during any wind condition.  
CONCLUSION Sweating patterns observed by Smith and Havenith (2011) 
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are not substantially changed by the presence of wind or its direction. 
REFERENCE Smith CJ and Havenith G (2011). Body mapping of sweating 
patterns in male athletes in mild  
exercise-induced hyperthermia. Eur J Appl Physiol. DOI: 10.1007/s00421-
010-17448 

LIMITATIONS OF TEMPERATURE MEASUREMENT IN THE AURAL CANAL 
WITH AN EAR MOULD INTEGRATED SENSOR 

LENNART TEUNISSEN, ARNOLD DE HAAN, JOS DE KONING, BERT 
CLAIRBOIS & HEIN DAANEN 

INTRODUCTION Aural canal temperature measurements using an ear 
mould integrated sensor (Tac) might be a suited method for continuous 
non-invasive core temperature estimation in operational settings. We 
studied the effect of ambient temperature, wind and high intensity 
exercise on Tac and its ability to predict esophageal (Tes) and rectal 
temperatures (Tre). METHODS Seven subjects performed a protocol of 
rest in 21°C, 10°C and 30°C, followed by exercise and recovery in 30°C. 
Subjects performed the protocol twice: with and without face wind from 
halfway the 30°C rest period. Extra auricle insulation was applied at one 
side. RESULTS Ambient temperature changes had a significant effect on 
Tac, while Tes and Tre remained stable. Insulating the auricle reduced but 
did not abolish this effect. Wind had an immediate cooling effect on Tac 
independent of auricle insulation. During exercise and recovery in 30°C, 
Tac provided acceptable group predictions of Tre in trials without wind 
(bias -0.66±0.21°C covered, -1.20±0.15°C uncovered). Bias was 
considerably higher with wind, but variability was similar (-1.73±0.11°C 
covered, -2.49±0.04°C uncovered). Individual predictions of Tes and Tre 
showed more variation, especially with wind. CONCLUSION Tac is a 
useful core temperature estimator for groups in warm and stable 
conditions. 

COMPARISON OF THE HYDRATION EFFECT ON BODY FLUID REGULATION 
DURING EXERCISE IN HEAT BETWEEN MALAYSIAN AND JAPANESE MALES 

HITOSHI WAKABAYASHI, TITIS WIJAYANTO, JOO-YOUNG LEE, NOBUKO 
HASHIGUCHI, MOHAMED SAAT & YUTAKA TOCHIHARA  

This study investigated the differences in body fluid regulation and 
thermoregulation during exercise in heat between tropical native 
Malaysians (MY) and temperate Japanese (JP). Ten MY and ten JP males 
conducted two trials of 60 min exercise at 55% peak oxygen uptake 
followed by 30 min recovery, in 32oC and 70% relative humidity, with 
hydration (HD: 4 times each 3 mL/kg body weight) or no hydration 
(NHD). Rectal temperature (Tre), skin blood flow (SkBF), heart rate (HR) 
and percent dehydration, calculated from change of body weight including 
water intake, were measured. Change of plasma volume (∆PV) was 
estimated from hemoglobin concentration and hematocrit. MY showed a 
significantly smaller increase of Tre, ∆PV, lower HR (p<0.05) and higher 
tendency of SkBF in HD condition than in NHD at the end of exercise; 
while JP showed no difference between the conditions. The percent 
dehydration in the hydrated MY was significantly smaller than in JP 
(p<0.05). The smaller ∆PV during exercise and percent dehydration in 
hydrated MY suggested an advantage in body fluid regulation. It may 
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enable them to distribute blood to the skin for heat dissipation and 
maintain lower Tre in HD condition. 

THE CORRELATION BETWEEN THE COLD-INDUCED VASODILATATION 
RESPONSE AND TOE SKIN TEMPERATURE DURING WINTER HIKES IN THE 
ALPS 

ADAM MCDONNELL, DANIELA PAVLINIČ, URŠA CIUHA, ROGER 
KÖLEGÅRD, OLA EIKEN & IGOR MEKJAVIC  

For the purpose of evaluating winter hiking equipment, thirty subjects 
conducted 16 hikes over a period of 30 days in the Julian Alps, at the 
Slovene-Italian-Austrian tri-border. During each hike they walked a 
minimum of 14 km and the total elevation achieved was approximately 
1000m. All subjects wore the same clothing garments, gloves and 
footwear. Before and after each hike, infrared thermograms were taken of 
their feet. After each hike, the same subjects (approximately 10 to 15% 
of the subject pool) had consistently lower digit skin temperatures (>3°C) 
than the median value observed. Following an interval of 6 months after 
the hike, all subjects were invited to return to the laboratory to have their 
toe CIVD responses assessed. The aim of the ongoing study is to correlate 
the toe CIVD responses with toe skin temperatures observed during the 
hike. Final results of the study will be presented at the meeting. 

EXERCISE AND SPECIAL TOPICS IN TEMPERATURE 
REGULATION 
THERMAL STRESS AND EXERCISE  

THE EFFECT OF ICE-SLURRY INGESTION AND SCALP COOLING ON 15-KM 
CYCLING TIME TRIAL PERFORMANCE IN THE HEAT  

KOEN LEVELS, LENNART TEUNISSEN, BERNADET VAN OS, JOS DE 
KONING, CARL FOSTER & HEIN DAANEN  

INTRODUCTION Pre-cooling is known to improve performance during 
exercise but it is unknown to what extent cooling of the scalp contributes 
to this improvement. Therefore we investigated if pre-cooling including 
scalp cooling increases performance to a greater extent than pre-cooling 
without scalp cooling. METHODS Ten male subjects (24.3 ± 4.8 years) 
completed four 15-km time trials in the heat (30 °C, 50% relative 
humidity). The time trials were preceded by four intervention periods: 
pre-cooling and pre-heating, both with or without scalp cooling. During 
the time trials, power output, rectal and skin temperature, heart rate and 
RPE were measured. RESULTS In the pre-cooling conditions, power 
output was significantly higher in the final 5-km of the time trial (P<0.05) 
and rectal temperature was lower during the entire time trial (0.4±0.2 °C, 
P<0.001) Although rectal temperature at the start was 0.2±0.1 °C lower 
with scalp cooling, no beneficial effects on cycling performance were 
observed. No differences were found in heart rate and RPE. 
CONCLUSION Pre-cooling by ice slurry ingestion improves power output 
in the final 5-km of a 15-km time trial, possibly by a lower core 
temperature during the time trial. Additional scalp cooling seems not to be 
beneficial for exercise performance. 
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ENDURANCE EXERCISE IN THE HEAT: INFLUENCE OF AEROBIC FITNESS 
AND EXERCISE INTENSITY 
JULIEN PÉRIARD, CORINNE CAILLAUD & MARTIN THOMPSON  

The early onset of fatigue during aerobic exercise in the heat may be 
delayed in trained subjects due to physiological adaptations similar to heat 
acclimatization. Thus, the influence of thermal strain on the cardiovascular 
response in eight trained and eight untrained subjects cycling to 
exhaustion at 60% (H60%) and 75% (H75%) VO2max in the heat (40°C, 
50% RH), and for 60 min in the cool (18°C, 40% RH) at 60% VO2max 
(CON) was evaluated. Training status did not influence exercise time in 
the H60% (~59 min) and H75% (~28 min) trials. However, exercise was 
terminated early on reaching the rectal temperature limit in four trained 
subjects in the H60% trial and two in the H75% trial. While final rectal 
temperature differed between exercise conditions, it was similar between 
groups (P < 0.01). Likewise, heart rate reached ≥96% of maximum at 
exhaustion, and significant decreases in mean arterial pressure, stroke 
volume and cardiac output were noted (P < 0.05). The increased 
cardiovascular response was exacerbated by a rise in thermoregulatory 
skin blood flow, and appears to be a fatigue-mediating factor during 
prolonged exercise in the heat. However, aerobic fitness may ultimately 
confer a greater tolerance to high core temperatures 

THE EFFECT OF EXERCISE ON CEREBRAL OXYGENATION AND COGNITIVE 
PERFORMANCE DURING NORMOBARIC HYPOXIA 

EL GLICKMAN, C-H KIM, EJ RYAN, CA PEACOCK, YS SEO & J GUNSTAD  

BACKGROUND:  Hypoxia is associated with cognitive impairment, largely 
mediated by cerebral deoxygenation. The effects of exercise on cerebral 
oxygenation and cognitive function are poorly understood. The purpose of 
present investigation was to determine the effects of normobaric hypoxia 
and low intensity exercise on cerebral oxygenation and cognitive function 
in middle-aged males. METHODS: Eight middle-aged males participated 
in the present investigation. Participants were assigned to two 
experimental trials, hypoxia and hypoxia with exercise. Arterial oxygen 
saturation (SaO2) and cerebral oxygenation (rSO2) were measured. 
Cognitive function was measured via Trail Making Test (TMT) A and B. 
RESULT: SaO2 and rSO2 were lower during exercise in hypoxia (p<0.01). 
In terms of cognitive function, no significant main effect of time and time 
by trial interaction (p>0.05) were observed for TMTA. For TMTB, there 
was a significant main effect of time (p<0.01), but no time by trial 
interaction emerged (p>0.05). TMT A&B ratio revealed a main effect of 
time (p<0.01), but no time by trial interaction emerged (p>0.05). 
CONCLUSION: There was a differential response following exercise with 
respect to oxygen saturation and cerebral oxygenation. Cognitive 
performance declined across time during hypoxia, but low intensity 
exercise did not impact cognitive performance. 

EFFECT OF PRE-EXERCISE CORE TEMPERATURE ON CIRCADIAN 
VARIATION IN HYPERTHERMIC HYPERVENTILATION DURING EXERCISE 

TSUJI BUN, YASUSHI HONDA, NAOTO FUJII, NARIHIKO KONDO & 
TAKESHI NISHIYASU  

INTRODUCTION Hyperthermia during exercise leads to hyperventilation. 
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We recently reported that core temperature (Tc) threshold for 
hyperventilation as well as pre-exercise resting Tc was higher by 0.6°C in 
evening (PM) than morning (AM) However, the change in Tc from resting 
to the threshold was same between AM and PM. We therefore tested the 
hypothesis that even though higher resting Tc at PM is adjusted to the 
level at AM before exercise, Tc threshold for hyperventilation is still higher 
at PM than AM. METHODS Nine male subjects performed cycle exercise at 
50% of peak oxygen uptake in the heat (37°C) at AM (6:00) and PM 
(18:00). Before each exercise, subjects were immersed in water (18°C) 
for 25-min at AM and 50-min at PM to detect esophageal temperature 
(Tes) threshold for hyperventilation (Tsuji et al. 2009) and to adjust Tes to 
same level. RESULTS Despite same resting Tes before exercise after the 
immersion at AM and PM (35.6±0.7 vs. 35.7±0.7°C), Tes threshold for 
hyperventilation was significantly higher at PM than AM (37.2±0.7 vs. 
36.5±0.7°C). CONCLUSION The finding suggests that even though 
elevated Tc in evening is adjusted to the level in morning, Tc threshold for 
hyperventilation is higher in evening than morning. 

EFFECT OF AMBIENT TEMPERATURE ON MAXIMAL MUSCLE PERFORMANCE 
IN WOMEN AND MEN DURING HIGH INTENSITY WORK  

OYSTEIN NORDRUM WIGGEN, MARIANN SANDSUND, JULIE RENBERG, 
VEGARD SAURSAUNET, HILDE FÆREVIK & RANDI EIDSMO REINERTSEN  

INTRODUCTION The effect of temperature on muscle performance 
during low intensity work has been thoroughly investigated. In our study 
we hypothesized that lower ambient temperatures would reduce maximal 
muscle performance in a jump test in women and men also during high 
intensity work. METHODS Nine women and nine men were exposed to six 
randomized ambient temperatures (20, 10, 1, -4, -9 and -14°C). A jump 
test, consisting of counter movement jump (CMJ) and squat jump (SJ), 
were performed after a warm-up period (jump test 1) and a high intensity 
running protocol (jump test 2). Skin and core temperatures were 
measured at all conditions. RESULTS A significant effect of ambient 
temperature on power output was found in CMJ tests 1 and 2 for men and 
in test 2 for the women. There was no effect of ambient temperature on 
SJ. Discussion High intensity work increased core temperature and 
counteracted muscle cooling at low ambient temperature, which may 
explain the overall minor effect of ambient temperature on SJ and CMJ 
found in our study. This study concluded that power output in CMJ can be 
influenced by low ambient temperature even under high intensity work in 
both women and men. 

REGIONAL VARIATIONS IN SENSITIVITY TO COLD AT REST AND DURING 
EXERCISE 

YACINE OUZZAHRA, BERNARD REDORTIER, THOMAS VOELCKER & 
GEORGE HAVENITH  

INTRODUCTION Regional variations in skin thermal sensitivity have 
been extensively studied at rest.  However, only limited data exist to allow 
a comparison between rest and physical activity, and none of these 
employed a thermal stimulus markedly above the perceptual threshold.  
The aim of the present study was to investigate sensitivity to cold in 
several locations of the upper body, at rest and during exercise. 
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METHODS Fourteen male participants (22.3 ± 3.1 years; 181.6 ± 6.2 
cm; 73.7 ± 10.3 kg) were tested at rest and whilst cycling at 30% 

VO2max .  Sixteen body sites (front torso = 6; back = 6; arms = 4) 
were stimulated in a balanced order with a 20°C thermal probe (25 cm2) 
applied to the skin.  Thermal sensations resulting from the stimuli were 
rated on an 11-point scale (0 = no cold sensation; 10 = extremely cold 
sensation). RESULTS On average, thermal sensation was significantly 
greater (colder) by 1.2 ± 0.3 thermal sensation units at rest compared to 
exercise.  The difference was significant in 13 of the 16 body sites 
(p<0.05). DISCUSSION / CONCLUSION: The present study provides 
evidence that thermal sensitivity to cold is reduced during exercise.  
Interestingly, this reduction in sensitivity varies over the body surface. 

PSYCHOPHYSICAL EFFECTS OF DIVERSE FORMS OF EXERCISE TRAINING, 
AND THEIR RELATION TO FITNESS GAINS 

JAMES COTTER, EVELYN PARR, SAMUEL LUCAS, STASINOS 
STAVRIANEAS, MATTHEW GRAHAM & ELAINE HARGREAVES 

INTRODUCTION Purpose: To determine (i) affective responses to 
exhaustive bouts of intense-interval versus endurance exercise before and 
after 8 wk of respective forms of training, and (ii) whether the pre-
training responses were related to physiological and functional fitness 
gains. METHODS In a randomised crossover design, 12 untrained adults 
(7 females) cycle trained for 8 wk using intense intervals (4-6 * 30-s, 3 
d/wk) or endurance (40-60 min at 65%HRmax, 5 d/wk) before a 7-wk 
washout and crossover. RESULTS Acute affective responses differed 
markedly between subjects. Intervals tended (P=0.08) to be rated less 
pleasant than exhaustive endurance exercise when untrained but not once 
trained. Neither training regime improved pleasantness of exhaustive 
endurance exercise, whereas only endurance training improved (P<0.05) 
feeling state and perceived exertion during submaximal exercise. Relation 
to fitness gains: The difference in pre-training pleasantness responses 
between exercise forms accounted for 55-65% of inter-individual 
variability in corresponding red cell volume and maximal aerobic power 
responses between people, although little relation was evident for other 
physiological or functional fitness gains. CONCLUSION Affective 
responses to maximal endurance or sprint exercise vary greatly between 
people, generally don’t improve with short-term training, and have limited 
relation to most physiological and functional fitness gains. 

EFFECT OF EXERCISE, TRAINING STATUS & BOVINE COLOSTRUM 
SUPPLEMENTATION ON GASTROINTESTINAL PERMEABILITY  

SHAWNDA MORRISON, PHILIP AINSLIE, STEPHEN CHEUNG & JAMES 
COTTER 

INTRODUCTION We investigated the extent to which gut permeability 
may impact on cardiovascular strain and whether training status or bovine 
colostrum may lessen immune responses to intense exercise in the heat. 
We anticipated higher fitness would attenuate the effects. METHODS In a 
double-blinded, placebo-controlled crossover study, 16 healthy men (n=8 
highly fit: 64 ± 4 mL·kg-1·min-1, n=8 moderately fit: 46 ± 4 mL·kg-1·min-1) 
completed exercise trials (30°C, 50% rh)  after 5-d supplementation with 
1.7 g/kg colostrum or corn flour (placebo).  Exercise was cycling for 15 
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min at 50% maximal heart rate range (HRR), followed by a 30 min run at 
80% HRR then 30 min work trial before repeating the cycling.  RESULTS 
There were no differences in the distance run, peak TC (38.6 ± 0.7°C), 
peak exercising HRR (90 ± 11%) or forearm blood flow (from 6 ± 2 to 14 
± 4 ml·100ml·min-1) between trials.  Pro and anti-inflammatory cytokines 
increased during exercise (IL-6: from 257 ± 508 to 1703 ± 905 pg·L-1, IL-
8 from 927 ± 565 to 1650 ± 1259 pg·L-1, IL-10 from 143 ± 115 to 579 ± 
638 pg·L-1) before returning to baseline 5-h post exercise, regardless of 
trial. CONCLUSIONS five-day supplementation with colostrum did not 
reduce thermal or cardiovascular strain or improve performance of 
exercise in the heat, irrespective of training status. 

EFFECT OF ALTITUDE ON FOOTBALL PERFORMANCE: ANALYSIS OF THE 
2010 FIFA WORLD CUP DATA 

GEORGE NASSIS 

INTRODUCTION Laboratory studies show that altitude diminishes 
endurance performance and might affect flying ball characteristics. No 
such data exist in football and real-world data are limited even in other 
sports. The aim of this study was to examine the effect of altitude on 
football performance during the 2010 world cup matches. METHODS 
Physical performance, goals scored and goal keepers’ errors that resulted 
in goal conceded were recorded from the official game statistics of FIFA 
during the 2010 world cup. Match places were: at sea level (altitude: 0 
m), low (660 m), moderate (1200-1400 m) and mild altitude (1401-1753 
m). After testing for data normality, mean differences from sea level were 
checked for each group with t-test for independent samples. RESULTS A 
3% lower total distance was covered in the moderate and mild altitude 
(p< 0.001) groups compared with sea level. Similar results were found for 
total distance covered while in ball possession. Number of goals scored 
per game and errors made by the goal keepers did not change with 
altitude. CONCLUSIONS Football playing above 1200 m has negatively 
affected physical but not technical performance in the matches during the 
2010 world cup. This is the first study to examine the effect of altitude on 
football performance using real-life data from official matches. 

MUSCLE RECOVERY TIME FROM EXHAUSTIVE WORK IN THE HEAT 

JUHA OKSA, SIRKKA RISSANEN, TERO MÄKINEN, HENNA HYRKÄS, SIRPA 
LUSA, HARRI LINDHOLM & HANNU RINTAMÄKI 

Insufficient recovery time from work may lead to a state of cumulative 
muscle fatigue, which may be regarded as a precursor for musculoskeletal 
symptoms and disorders. The purpose of this study was to evaluate the 
time needed for wrist flexor muscles to recover from heavy work in the 
heat. Fifteen voluntary firefighters participated in the study. They 
performed three 15 minute work bouts at 35°C (separated with 10 minute 
break at 20°C). The work simulated smoke diving and clearance work and 
induced significant fatigue to wrist flexors. At baseline and at each time 
point maximal wrist flexion force and muscle tissue reoxygenation rate 
were measured. Recovery from fatigue was followed at 0, 20, 40, 60 
minutes and 2, 4, 22 and 30 hours after cessation of work. Muscle 
reoxygenation rate had two recovery peaks, first occurring after 2 and 
second after 22 hours. Maximal wrist flexion force recovered after 4 hours 
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but force production velocity did not recover during the 30-hour follow-up. 
In conclusion, muscle recovery time from heavy work in the heat is 
different depending on the measured parameter and may be longer than 
time between consecutive workdays. 

EFFECT OF ADDITIONAL WARM-UP ON PERFORMANCE AND 
PHYSIOLOGICAL RESPONSES DURING 2-MIN MAXIMAL EXERCISE 

YOSUKE SASAKI, TAKUTO UEKI, BUN TSUJI, NAOTO FUJII, HIDEKI 
TAKAGI, SHOZO TSUBAKIMOTO & TAKESHI NISHIYASU 

INTRODUCTION Reduction in recovery time following warm-up 
reportedly enhances 200-m swim performance. However, the effect of 
additional warm-up on performance and physiological responses during 2-
min maximal exercise remains uncertain. METHODS Seven healthy men 
performed cycling warm-up at 60%VO2max intensity for 7 min, then 1) 
remained rested for 45 min (L, Long rest trial) or 2) remained rested for 
33 min and then performed the identical warm-up followed by 5 min rest 
(S, Short rest trial). Thereafter, the subjects performed 2-min cycling 
test, consisting of 90-s constant workload exercise at 110% of VO2max 
intensity followed by 30-s maximal exercise. RESULTS Peak, average, 
minimum power and VO2 during the 30-s exercise were all significantly 
higher in S than L. DISCUSSION We found VO2 and power outputs were 
higher in S than L during 30-s maximal exercise, suggesting increased 
aerobic energy release would contribute to the higher 30-s maximal 
cycling performance in S.  Further, given aerobic energy release reflected 
by VO2 during 90-s constant workload exercise was also higher in S than 
L, anaerobic energy release may have been preserved during 90-s 
constant workload exercise, leading more anaerobic energy supply during 
30-s maximal exercise, relating with the improved 30-s maximal 
performance in S. 
FLUID AND ELECTROLYTE LOSSES DURING PROGRESSIVE DEHYDRATION 
TO A 7% WATER DEFICIT 

ANNE VAN DEN HEUVEL, GREGORY PEOPLES & NIGEL TAYLOR  

In a recent experiment, 10 euhydrated males were dehydrated to a 7% 
water deficit. Core temperature was elevated to ~38.5oC and clamped 
(intermittent cycling). Venous blood was collected at baseline, and at each 
1% dehydration (posture controlled). Serum osmolality increased from 
285 mOsmol.kg-1 H2O (baseline) to 300 mOsmol.kg-1 H2O (7% 
dehydration; P<0.05). Blood volume decreased 11.6% (P<0.05), as did 
its contribution to sweating, as plasma volume was defended. Mean 
arterial pressure was regulated between 86-93 mmHg. Total, whole-blood 
sodium content decreased from 703.5 to 621.2 mmol (11.7%, P<0.05); 
chloride content declined from 557.4 to 505.5 mmol (9.3%, P<0.05). 
Their respective concentrations increased from 138.0 to 141.9 mmol.L-1 
(P<0.01), and from 109.3 to 115.6 mmol.L-1 (P<0.01). Thus, net solute 
loss was not reflected in these concentrations, yet the elevation in serum 
osmolality, and the reduction in blood volume, initiated homeostatic 
processes that defended plasma volume and osmolality. Electrolyte 
content was defended beyond the 2% water deficit, with fluid and 
electrolyte regulatory mechanisms facilitating sodium and water retention, 
and supporting cardiovascular function across this 7% water deficit. 
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Indeed, decreased sweating and whole-blood electrolyte conservation 
were observed as dehydration progressed, and these changes combined 
to facilitate normotensive blood pressure regulation 

ASSESSMENT OF THE ENERGY CONSUMPTION FOR WII SPORTS VIDEO 
GAME 

KAI-CHUN WU, WEN-HSIN HSU, JIA-HONG CHEN, YU-HUA JAO & NAIN-
CIH WU 

This study aimed to directly measured the real energy consumption of 
playing Wii sports video games developed by Nintendo company which 
were declared to have 3.0 METs (metabolic equivalent values) or higher 
energy consumption. Previous data were reported mostly based on heart 
rate. Three typical types of sports game exercising mainly different body 
parts including boxing (upper extremity), hula hooping (trunk), and 
jogging (lower extremity) were assessed. 18 physically fit subjects (9 
males and 9 females) voluntarily participated in the study, which was 
approved by the institutional ethical review board of CMU. The subjects 
were classified into 3 groups by their body mass index (BMI, <18, 
between 18 and 24, and >24). The evaluated dependent variables 
included oxygen consumption (VO2), heart rate (HR), metabolic rate, 
breath frequency and minute ventilation (VE). Repeated measure ANOVA 
and Wilcoxon tests were employed for post data analysis. Resulted 
indicated the average energy consumption for 10 minutes jogging was 
3.96 Kcal/min (7.31 METs for male and 5.31 METs for female) which was 
similar as real jogging (7 METs). The average data were 2.16 and 2.90 
Kcal/min (3.48 METs and 4.87 METs) for boxing and hula hooping 
exercise. The energy consumption significantly increased with larger BMI 
and for males. Our study confirmed that the employed video games may 
have similar energy consumption as real jogging and is better than 
walking (2 METs). 

REPEATED BREATH HOLDS INCREASE THE TIME TO EXHAUSTION AT 
150% OF PEAK POWER OUTPUT 

BOURDAS DIMITRIOS, KONSTANTOPOULOS ATHANASIOS, TSAKIRIS 
THEODOROS, PAVLAKIS KONSTANTINOS, TRIANTAFYLLOU DESPOINA & 
GELADAS NICKOS 

Repeated breath hold maximal efforts (RBHE) induce favourable 
hematological and blood buffering changes. It was hypothesized that 
RBHE will subsequently enhance performance in a time to exhaustion test. 
A group of 10 males performed, in a random counter balanced order, two 
experimental conditions. In the first one (A) subjects completed five RBHE 
with face immersion in cold water (12oC), separated by 2min recovery 
intervals. Two min later on subjects performed a timed ride test to 
exhaustion at 150% of peak power output (TF150) achieved with an 
exhaustive maximal oxygen uptake effort. In the second condition (B) 
subjects repeated only the TF150 exercise test as a control measurement. 
Respiratory, hematological and blood gases measurements were also 
conducted. Mean breath hold time of all RBHE was 108±10.3sec. 
Performance time of TF150 was equal to 44.8±2.6sec in the B condition 
and it was significantly (p≤0.05) less, by 9.5%, compared with A 
condition. Pre TF150 values of blood lactate, and RBC were not different 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 60 

between experimental conditions, whereas bicarbonate and partial 
pressure of carbon dioxide levels in arterialized blood were higher 
(p≤0.05) in condition A than B. RBHE alter blood buffering capacity and 
that maybe play an important role in improving the time performance 
when high intensity exercise follows on. 

SPECIAL TOPICS  

THE OXYGEN COST OF WEARING FIREFIGHTERS' PERSONAL PROTECTIVE 
EQUIPMENT: RALPH WAS RIGHT! 

NIGEL TAYLOR, MICHAEL LEWIS, SEAN NOTLEY & GREGORY PEOPLES 

The personal protective equipment of firefighters includes four 
components: thermal protective clothing, breathing apparatus, helmet, 
boots. The oxygen cost of each component was evaluated in 20 adults 
over 12, 15-min trials of steady-state treadmill walking (4.8 km.h-1) and 
bench stepping (20 cm, 40 steps.min-1) wearing six different ensembles. 
These ensembles permitted an evaluation of each component by 
subtraction. The complete protective ensemble increased steady-state 
metabolic rate by 47% (walking) and 36% (bench stepping; P<0.05). The 
breathing apparatus, with a mass greater than four times that of the 
boots, and more than twice that of the clothing, imposed a metabolic 
burden less than the boots (walking; P<0.05). During bench stepping, the 
impact of the breathing apparatus, boots and clothing was equivalent 
(P>0.05). When normalised to mass carried, the influence of the boots 
was 8.7 times greater than the breathing apparatus. For stair climbing, 
this was 6.4 times more powerful. It is concluded that an efficient way to 
reduce the burden for firefighters is to reduce boot and clothing mass. 
Removing 100 g from each boot would be metabolically equivalent to 
reducing the mass of the breathing apparatus by 1.74 kg (walking) or by 
1.27 kg (stepping). 

EFFECT OF ENVIRONMENTAL TEMPERATURE ON MORTALITY IN GREECE 
BETWEEN 1999 AND 2008 

ANDREAS FLOURIS, PETROS DINAS, YIANNIS KOUTEDAKIS & ANDRES 
CARRILLO 

INTRODUCTION Climate change poses a significant threat to public 
health for countries in both temperate and warm climates. In south-east 
Europe, it is projected that changing weather conditions will adversely 
affect health and, as extreme events become more frequent, weather-
related deaths and diseases will rise. Our aim was to assess the effect of 
environmental temperature (Tenv) on mortality in Greece between 1999 
and 2008. METHODS Nationwide mortality data from the Hellenic 
Statistical Authority were combined with Tenv data from 16 weather 
stations of the Hellenic National Meteorological Service covering the entire 
land area of Greece. Both datasets covered the period between 1/1/1999 
to 31/12/2008. RESULTS A total of 1.095.390 deaths were recorded in 
the 10 years analysed with a mean daily death rate of 299.9±36.1. Mean 
Tenv in the same time period was 16.9±7.1°C. Autoregressive integrated 
moving average time-series analyses demonstrated a significant 
association between mortality and Tenv (R2=0.547; Ljung-Box Statistic = 
0.131; P<0.001). Moreover, Tenv was able to predict abrupt increases in 
mortality during extreme weather events (P<0.05). CONCLUSION Our 
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findings covering the decade between 1999 and 2008 show a strong effect 
of Tenv on mortality in Greece throughout the year as well as during 
extreme weather events. 

HYPERVOLEMIA FROM FLUID INGESTION AT REST - EFFECTS OF SODIUM 
AND GLUCOSE - 

AKIRA SUGIHARA, NAOTO FUJII, BUN TSUJI, KAZUHITO WATANABE, 
TAKEHIRO NIWA & TAKESHI NISHIYASU  

INTRODUCTION Drinking-induced hypervolemia has been reported to 
improve exercise performance in the heat (Sims et al. 2007), though 
optimal formulation of drink for the hypervolemia is unclear. The purpose 
of the present study was to test the hypothesis that optimal sodium 
concentration of drink for the hypervolemia is near-isotonic and adding 
glucose to sodium drink could enhance plasma volume (PV) expansion. 
METHODS 10 subjects ingested a given amount (16-17ml·kg body weight-1) of 
water or a drink containing 0.35, 0.7 or 1.05%NaCl, divided into six equal 
portions at 10min interval for 50min and remained seated until 150min from 
beginning of drinking (experiment 1). Similar experiment using water or sodium 
drinks (0.7 or 0.9%NaCl) or sodium-dextrin drinks (0.7%NaCl+6%Dextrin or 
0.9%NaCl+6%Dextrin) was conducted on another 9 subjects (experiment 2). 
RESULTS PV was higher after ingesting 0.7 and 1.05%NaCl than after 
ingesting water and 0.35%NaCl (experiment 1). PV increased more 
rapidly after ingesting sodium-dextrin drinks (0.7%NaCl+6%Dextrin or 
0.9%NaCl+6%Dextrin) than after ingesting sodium drinks (0.7 or 0.9%NaCl), 
and PV was higher in 0.9%Na+6%Dex than 0.9%Na at 30min after 
drinking (experiment 2). CONCLUSION Optimal sodium concentration of 
drink for the hypervolemia could be near-isotonic and adding glucose 
(6%dextrin) to the sodium drink would hasten PV expansion. 

SPONTANEOUS BAROREFLEX CONTROL OF HEART RATE DURING GRADED 
ACTIVATION OF THE MUSCLE METABOREFLEX IN HUMANS 

KAZUHITO WATANABE, MASASHI ICHINOSE, STEPHANE DELLIAUX, 
NAOTO FUJII & TAKESHI NISHIYASU  

INTRODUCTION The aim of the present study was to test the hypothesis 
that, in humans, there is a threshold level of the muscle metaboreflex 
(MMR) activation induced by postexercise muscle ischemia (PEMI) for 
effects on cardiac autonomic tone and sensitivity of the arterial baroreflex 
control of heart rare (SBRS). METHODS Twelve healthy subjects 
performed isometric handgrip exercises at 50% of maximum voluntary 
contraction for 15-s, 30-s, 45-s, 60-s and until exhaustion.  Each bout of 
exercise was followed by a 4-min period of imposed PEMI.  We estimated 
cardiac autonomic tone using spectral analysis of R-R interval variability, 
while SBRS was evaluated using transfer function analysis for the 
relationship between systolic arterial pressure and R-R interval. RESULTS 
Mean arterial pressure (MAP), cardiac parasympathetic tone and SBRS 
during PEMI were increased from rest when contraction time reached 45-
s.  During PEMI after 45-s or more contractions, MAP was increased 
linearly with prolongation of the contraction time, but cardiac 
parasympathetic tone and SBRS were not increased in a stimulus-
dependent manner. CONCLUSION There is a clear threshold for MMR-
induced increase in cardiac parasympathetic tone and SBRS.  In addition, 
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increase in cardiac parasympathetic tone and SBRS saturate and do not 
occur progressively with graded MMR activation 

EVALUATION OF HYPOXIC TRAINING REGIMENS 

IGOR MEKJAVIC, MICHAIL KERAMIDAS, MOJCA AMON, TADEJ DEBEVEC, 
OLA EIKEN, POLONA JAKI MEKJAVIC & STYLIANOS KOUNALAKIS  

We evaluated the benefits of several training programmes in terms of 
improvements in normoxic and hypoxic exercise performance. Fifty 
subjects were randomly assigned to 5 experimental groups (N=10), which 
conducted exercise 5 days per week for a total of 28 days: CONTROL – 60 
min. exercise at 50% of normoxic peak power output; IHT-same exercise 
as Control group, but with an added regimen of hypoxic gas breathing 
prior to the exercise; Live Low-Train High (LL-TH) - 60 min. exercise at 
50% of hypoxic peak power output conducted at a simulated altitude of 
2800 m; Respiratory training (RT)- same exercise as CONTROL, but with a 
regimen of respiratory muscle training; Sleep High-Train Low (SH-TL) – 
same exercise as CONTROL, but exposure to simulated altitudes ranging 
from 2800 to 3400 m during a minimum of 8 hours during the night. 
Before, during, after, and 10 days post training we assessed subjects 
haematology, pulmonary function, maximum aerobic capacity, and 
endurance. No evidence of mountain sickness was observed in the hypoxic 
training protocols. Results indicate that the most benefits in terms of 
haematological indices, and hypoxic and normoxic performance are 
achieved with SH-TL hypoxic training.  

KEY TOOLS FOR MILITARY ERGONOMICS 

RALPH F GOLDMAN 

INTRODUCTION At past meetings I have presented on: prediction of 
energy costs; probable physical work capacities; the biomedical effects of 
clothing; the benefits of using Clo units for insulation; the permeability 
index for evaporative transfer through clothing; and the pumping 
coefficient to characterize the changes of Clo and Im to characterize the 
effects of air or body motion. To quote Cardinal Richeleu, "it has been said 
before, but not having been believed, must be said again".  I have also 
presented equations to predict tolerance times for work in the heat, and in 
the cold, based on the changes in body heat storage derived using these 
units. With the help of my Military Ergonomics Division colleagues at 
USARIEM (& EPRD, its predecessor at Natick, MA) we developed cooling 
time constants for the ears, nose, 2nd and 5th fingers and toes, with and 
without protective clothing items, and also quantified the amount of 
auxiliary heating and/or cooling required to prevent injuries. METHODS I 
presented a tutorial on the earlier equations and, at a later meeting, made 
a disk of them available to the attendees to copy. At Nafplio, I will present 
my latest version of these equations and make a master disk available to 
copy. DISCUSSION Bring a blank disc to this meeting if you would like to 
make a copy. 
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ENHANCEMENT OF ERYTHROPOIESIS WITH NORMOBARIC HYPEROXIA: A 
PROMISING TREATMENT TURNS “ANAEMIC”? 

MICHAIL KERAMIDAS, BARBARA NORMAN, THOMAS GUSTAFSSON, OLA 
EIKEN & IGOR MEKJAVIC  

INTRODUCTION Based on a report of a marked increase in the 
erythropoietin concentration ([EPO]) a few hours after the cessation of a 
2-hr session of O2 breathing, short exposures to O2 have been advocated 
as a therapy for anaemia and as a method for the enhancement of 
exercise performance. The purpose of this study was to investigate the 
effect of ten daily short-term exposures to normobaric O2 on the plasma 
[EPO] in healthy individuals. METHODS Twenty males were assigned to 
either an experimental (HYPER) or to a control (NOR) group. The HYPER 
group breathed 100% normobaric O2 for 2 hours every weekday over a 2-
week period. The NOR group breathed air within the same time protocol. 
Blood samples were collected Pre, Mid and Post the intervention period to 
determine [EPO]. RESULTS [EPO] of the HYPER group was significantly 
lower than in the NOR group during the Mid and Post periods. [EPO] of the 
HYPER group showed a slight, albeit statistically non-significant, decrease 
during the Mid (~11%) and Post (~16%) periods. CONCLUSION Daily 
short-term exposures to normobaric hyperoxia do not increase the [EPO]. 
The increased O2 tension suppresses [EPO]. Therefore, administration of 
O2 to enhance erythropoiesis is not warranted. 

EVALUATING THE PREDICTIVE PRECISION OF SURROGATE INDICES OF 
OXYGEN CONSUMPTION 

SEAN NOTLEY AND NIGEL TAYLOR  

INTRODUCTION/METHODS The utility of heart rate and minute 
ventilation as surrogate indices of metabolic rate, was evaluated in twenty 
men and women (20-69 y) across work rates from rest to maximal 
running. Oxygen consumption, tidal volume, minute ventilation and heart 
rate were measured continuously. These data were extracted for rest, and 
at 5% increments to volitional fatigue, and analysed using stepwise, 
multiple linear regression analyses. RESULTS The mean prediction error 
for heart rate, across all subjects and exercise intensities, was 0.56 L.min-

1. This was better than breathing frequency (P<0.05), but inferior to every 
other index, or combination of indices (P<0.05). The index displaying the 
best predictive power was minute ventilation (mean residual: 0.23 L.min-

1), being significantly better than all single-variable predictions (P<0.05). 
Adding a second variable to each equation significantly reduced these 
residuals (P<0.05) for all equations except for minute ventilation 
(P>0.05). CONCLUSION These data highlight the need to use heart rate 
predictions of oxygen consumption with caution, but support the use of 
minute ventilation. It is concluded that one may halve the prediction error 
during lower-body exercise simply by changing from using heart rate to 
minute ventilation, although it remains uncertain how these relationships 
vary during either upper- or whole-body exercise. 
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BREATH HOLD MANOEUVERS AND CARDIOVASCULAR, DIAPHRAGMATIC 
RESPONSE IN ELITE BREATH HOLD DIVERS 

DIMITRIOS BOURDAS, ATHANASIOS KONSTANTOPOULOS, THEODOROS 
TSAKIRIS, KONSTANTINOS PAVLAKIS, DESPOINA TRIANTAFYLLOU & 
NICKOS GELADAS  

INTRODUCTION During apnoea, both arterial blood pressure and 
diaphragmatic activity follow a pattern of change, which is characterised 
by an initial mild increase followed by a steep rise, which are referred as 
phase III (PIII), and straggle phase (SPh) phase, respectively. Whereas, 
these two distinct phases has been described adequately, it is yet unclear 
the sequence and the aetiology of these events. It was assumed that the 
initiation of PIII and SPh are exhibited concurrently despite the fact that 
the former is associated with somatic and the latter with autonomic 
nervous system. METHODS A group of 11 elite male breath hold divers 
performed five repeated maximal breath holds (BH) with face immersion 
in cold water (12oC), separated by 2min recovery intervals. Hemodynamic 
parameters, and EMG diaphragmatic activity were continuously recorded. 
Steep rises were determined as an increase of 2SD above the mean value 
of the previous steady state condition both in MAP and diaphragmatic EMG 
activity. RESULTS Mean BH time of all efforts was 284±14.3sec. Time of 
PIII and SPh initiations were not different and manifested at 135.5 
(±40.8) and 133.9 (±45.7) sec, respectively, which correspond to 
~47%BH. CONCLUSION Steep increase of diaphragmatic activity and 
arterial pressure appear to be exhibited simultaneously. The exact 
cause(s) of this phenomenon remain to be elucidated. 

THE EFFECTS OF GENDER ON HUMAN DIVING RESPONSE AND OXYGEN-
CONSERVING EFFECT DURING MAXIMAL BREATH HOLD EFFORTS 

EVGENIA CHEROUVEIM, PETROS BOTONIS, THODORIS TSAKIRIS, MARIA 
KOSKOLOU & NICKOS GELADAS  

INTRODUCTION We aimed to determine whether human diving response 
is different between males and females during maximal breath hold 
efforts. METHODS Eight males and eight females, non-experienced in 
breath-hold activities, performed 8 repeated maximal breath hold efforts 
with 2-min intervals between efforts on two separate conditions: a) 
without (BHFOI) and b) with (BHFI) face immersion in cool water. 
RESULTS Maximal breath-hold time was not different either between 
genders (M: 104±26 sec and F: 105±33 sec, p>0.05) or between 
conditions (BHFOI: 105±29 sec vs. BHFI: 104±31 sec). The magnitude of 
heart rate reduction and hypertension response during maximal breath-
hold efforts was similar in males (HR: -12±10%; MAP: +14±5%) and 
females (HR: -7±7%; MAP: +12±5%). The magnitude of cardiac output 
reduction during apneas was greater in males compared to females (M: -
23±7% vs. F: -15±10%, p<0.05) due to greater decrease of stroke 
volume in males (M: -14±7% vs. F: -9±8%, p<0.05). Furthermore, 
peripheral vasoconstriction was more pronounced in males (51±15%) 
than in females (34±15%). Apnea with face immersion induced greater 
response of HR, Q and TPR compared without face immersion and this 
effect of face immersion was stronger in males for TPR. CONCLUSION In 
conclusion, the magnitude of human diving response during maximal 
breath hold efforts was significantly differed between males and females. 
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UNEXPLAINED SYNCOPE DURING ACUTE HYPOXIC EXPOSURE: A CASE 
STUDY 

HEATHER LUNT, JO CORBETT, MARTIN BARWOOD, JAMES HOUSE, DANIEL 
ROIZ DE SA & MICHAEL TIPTON 

INTRODUCTION/METHODS Six male volunteers were exposed to 
normoxic and hypoxic conditions whilst resting (inspired oxygen fraction, 
FIO2 0.15 and 0.12) at an ambient temperature of 21(0.4)°C. All were 
passed medically fit by an independent medical officer to participate in 
ethically approved experiments. The volunteers rested in a seated 
position. RESULTS The normoxic and FIO2 0.15 conditions occurred 
without incident. During the FIO2 0.12 condition one participant had an 
unexplained episode of syncope, and recovered rapidly when returned to a 
normoxic environment. When examining the ECG, the individual’s heart 
rate corrected QT interval (QTc) data indicated prolonged QTc during this 
incident. QTc peaked at 550ms, values over 440ms describe long QT 
syndrome. This was not apparent during the medical examination or other 
conditions (401 ms, 377[15] ms, 394[17] ms, 12 lead ECG, FIO2 0.21, 
FIO2 0.15 respectively). A prolonged QTc, is associated with life 
threatening cardiac arrhythmias, sudden death and coronary heart 
disease. The others did not present with prolonged QTc (381[20] ms, 
n=5). CONCLUSION It is concluded that despite a thorough medical 
examination in normoxia, signs of prolonged QTc may not be apparent in 
all individuals until exposed to physiologically challenging hypoxic 
conditions and requires further investigation.  
REFERENCES De Brutne, M., Hoes, A. et al. (1999) Prolonged QT interval 
predicts cardiac and all cause mortality in the elderly. The Rotterdam 
Study. European Heart Journal. 20, 278-284 
Johnson, J., and Ackerman, M (2009) QTc: how long is too long? Br J 
Sports Med. 43 657-662. 
Ackerman, M (2004) cardiac channelopathies: it’s in the genes. Nat Med 
10 463-483. 

ASSESSMENT OF THE PHYSIOLOGICAL LOADS AND SUBJECTIVE 
DISCOMFORTS FOR THE SUPPLIED-AIR RESPIRATORS (SAR) COMPARED 
WITH THE NON-POWERED AIR-PURIFYING RESPIRATORS 

YU-HUA JAO, WEN-HSIN HSU, NAN-CIH WU & IE-SHAIN YANG 

INTRODUCTION This study assessed the effects of using supplied-air 
respirator (SAR) with lower breathing resistance compared with the non-
powered air-purifying respirators (NAPR) on the effects of physiological 
loads and subjective discomforts. METHODS Sixteen physically fit male 
university students (mean age 20.8±0.9) voluntarily participated in the 
study, which was approved by the institutional ethical review board of 
CMU. A full-face respirator (3M 6800) equipped with either y-type air 
supply control valve or an organic canister was employed. The evaluated 
independent variables included respirator type, workload (WL, light 45W 
and moderate 85W). The evaluated dependent variables included working 
heart rate (HRwork), work pulse (WP), oxygen consumption (VO2), peak 
inspiratory and expiratory pressure (PIP, PEP), inside inner quarter mask 
temperature (IT) and subjective rate of perceptual exertion (RPE). 
RESULTS Our results showed that the use of SAR, compared with NAPR 
in the same work load and work time, significantly decreased WP, VO2, IT, 
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PIP and RPE. We found that the flow of SAR should be at least 90 L/min in 
the light workload and 120 L/min in moderate load to effectively decrease 
WP and VO2. CONCLUSION The use of SAR can significantly decrease 
physiological load and RPE compared with NAPR. The flow setting of SAR 
should be carefully designed according to the workload.  

ECG PERFORMANCE OF A MULTI-PARAMETER MONITOR SUITABLE FOR 
HARSH ENVIRONMENTS 

OWEN KELLY, HEATHER WRIGHT, ALAN BRYENTON & GLEN KENNY 

INTRODUCTION The BioFusionTM monitor is a chest-belt dry-electrode 
multi-parameter recorder that has the potential to observe worker 
physiology in harsh environments including deep mechanized mines. 
Performance of this monitor has not been reported. As part of evaluating 
BioFusion parameters (electrocardiography (ECG), chest temperature, 
respiration, accelerometry), this investigation examines BioFusion ECG 
quality for R-detection relative to a medically approved 5-lead gel 
electrode Holter system. METHODS The BioFusion monitor was deployed 
in an ethically approved laboratory protocol. Participants performed 15-
minute bouts of cycling (with 15-min rests, 60-min final recovery) at 
constant heat production rate (400W) in hot/dry (35ºC, 15%RH) and 
hot/wet (35ºC, 60%RH) ambient conditions. Labeled beats from Holter 
and BioFusion ECG were used to calculate heart rate (HR). RESULTS A 
total of 49.2 hours of simultaneous ECG was recorded in 13 sessions from 
11 subjects (3 female, 8 male, age 38.8±17.5 yr, BMI 24.2±2.7 kg/m2). 
HR traces from the two systems had median correlation >99.7% without use of quality 
censoring. CONCLUSION Accuracy of BioFusion ECG allows the system to 
be used in HR and HR variability studies, and as an effective stand-alone 
monitoring tool in harsh, ambulatory environments.  Consequently, 
additional BioFusion data was collected in a mining environment without 
parallel instrumentation. 
ACKNOWLEDGEMENTS: CHERYL ALLEN, Vale Inco, Copper Cliff, Canada. 
STEPHEN G. HARDCASTLE, CANMET Natural Resources Canada, Sudbury, 
Canada. 

DOES EXERCISE IN HYPOXIA AFFECT THE EMOTIONAL REACTIONS OF 
HEALTHY MALES? 

NEKTARIOS STAVROU, MICHAIL KERAMIDAS, EIRINI KARAKASIDOU, 
STYLIANOS KOUNALAKIS & IGOR MEKJAVIC  

INTRODUCTION The purpose of the study was to examine the emotional 
reactions of young healthy males resulting from an incremental exercise 
test to exhaustion performed under normoxic (VO2peakNOR) and hypoxic 
(VO2peakHYPO; FIO2=0.12) conditions. METHODS Eighteen aerobically fit 
subjects participated in the study. Before and immediately after the 
VO2peak tests performed on a cycle ergometer, subjects completed the 
Positive Affect Negative Affect Scale, the Activation-Deactivation Affective 
Checklist, the Flow State Scale-2, the Multidimensional Fatigue Inventory 
and two 11-point Likert type scales measuring the challenge of the 
activity and the skills of the subject to perform at a high level. The 
participants completed the questionnaires and the scales based on how 
they felt during each test. RESULTS The VO2peakHYPO was significantly 
lower than the VO2peakNOR (p<0.05). All subjects experienced more 
positive emotions after VO2peakNOR than after VO2peakHYPO (p<0.05). 
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Furthermore, hypoxia resulted in higher subjective fatigue and reduced 
motivation. The data revealed that the higher the subjective estimation of 
fatigue, the lower the level of positive emotions. CONCLUSION In 
conclusion, the results indicated that participants’ emotional states are 
related to their subjective level of fatigue, whereas hypoxia aggravates 
positive emotions, activation, concentration and sense of control. 

“AUTONOMIC CONFLICT”: A HIDDEN KILLER ON COLD WATER 
IMMERSION? 

MICHAEL SHATTOCK & MICHAEL TIPTON 

Cold water submersion induces a high incidence of cardiac arrhythmias in 
healthy volunteers. Submersion activates two powerful and antagonistic 
responses; the cold shock response and the diving response. The former 
involves the activation of a sympathetically driven tachycardia while the 
latter promotes a parasympathetically-mediated bradycardia. On the basis 
of studies with isolated hearts and humans, we propose that the strong 
and simultaneous activation of the two limbs of the autonomic nervous 
system (autonomic conflict) may account for these arrhythmias and may, 
in some vulnerable individuals, be responsible for deaths that have 
previously wrongly been ascribed to drowning or hypothermia. Our studies 
suggest that the failure of the action potential to prolong in response to an 
abrupt change in rate on submersion may seriously predispose to 
ventricular arrhythmias during periods of autonomic conflict. We also 
hypothesise that other environmental triggers may induce autonomic 
conflict and this may be more widely responsible for sudden death in 
individuals with other predisposing conditions. 

BODY BUOYANCY CATEGORIES FOR HUMAN SUBJECTS WHEN TESTING 
FLOTATION DEVICE PERFORMANCE IN WAVES:  TECHNICAL 
INVESTIGATION 

DANA SWEENEY, IIAN GRUNDY, AUDREY PRAYAL-BROWN, & PAUL 
POTTER 

PURPOSE: This study investigated technical aspects of measuring 
flotation device (FD) performance (FDP) in waves and focused on 
determining an efficient categorization method for human subjects based 
on body buoyancy.  METHODS: This study used a RAMM flotation 
manikin. 660 wave trials (25 waves each) were completed using two FDs 
(70 and 150 N), 3 waves (20,25, and 30 cm), and 11 body buoyancies 
(11 to 61N in 5 N increments when immersed to the chin). The 
performance measures were airway immersion count (IC) and total airway 
immersion time (IT). 10 repetitions of each combination were completed. 
RESULTS: The 11 body buoyancies were reduced into 3 significantly 
different groups (11-26, 30-46, and 51-61 N) based on IC and IT results 
(p<0.05).  DISCUSSION: Effectively categorizing subjects for FDP 
research will improve control over the high variability observed in FDP 
measures and will help clarify the effect of independent test variables on 
FDP in waves. These ranges of body buoyancies will be used to categorize 
subjects rather than physical dimensions, which preliminary human 
research suggests may correlate poorly with FDP in waves. This finding 
must be validated with humans and may greatly reduce the number of 
subjects needed to study FDP in waves. 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 68 

EFEECT OF PRESSURE EXERTED BY DIAPER ON THE YOUNG CHILDREN 
DURING SLEEP 

KAZUYO TSUZUKI, YOSHINAO NAGASHIMA, HARUMI OHNO, MEGUMI 
SUZUKI, HARUKO TOYOSHIMA & YUKIHIRO YATA  

To investigate the effects of pressure exerted by diapers on the body of 
young children, nap experiments were conducted with 9 healthy young 
children. The pressure exerted on the abdomen by a tight diaper (T) was 
1.9 kPa and that exerted by a loose diaper (L) was 0.0 kPa. The lights 
were then turned off in the climatic chamber at air temperature (Ta) of 28 
°C with 50% relative humidity (RH) and the mother got her respective 
child to sleep. After the mothers confirmed that their child was asleep, the 
Ta increased to 35 °C with 35% RH. The skin temperature and respiratory 
rate were significantly higher in the T than that in the L at 28 °C and 35 
°C. Local sweat rate was significantly lower in the T than in the L at the 
chest and thigh during heat exposure. Consequently, the rectal 
temperature did not show a significant decrease in the T than in the L 
subjects. The low to high frequency ratio (LF/HF) was higher in the T 
subjects than in the L at 28 °C and 35 °C. These findings show that 
autonomic nerve activity and peripheral circulation were influenced by the 
pressure exerted by the diaper on the body of young children during the 
nap. 

BREATH-HOLD TIME AFTER APNEA TRAINING IN YOUNG WOMEN WITH 
MILD IRON-DEFICIENCY ANEMIA  

TRIANTAFYLLOU DESPOINA, BOURDAS DIMITRIOS, TSAKIRIS 
THEODOROS, PAVLAKIS KONSTANTINOS DRAGONEA PANAGIOTA & 
KOSKOLOU MARIA 

INTRODUCTION Apnea training extends breath hold time (BHT) via 
cardiovascular and other physiological alterations. Anemia modifies 
cardiovascular regulation towards preserving adequate oxygen delivery, 
especially under stressful conditions. We studied the effect of a short-term 
apnea-training program on BHT in young women with normal (NA) and 
low (A) hemoglobin concentration ([Hb]). METHODS Two groups of young 
(20.6±2.6 yrs) physically active women, 8 with normal [Hb], Fe and 
ferritin levels and 8 with mild iron-deficiency anemia were studied at early 
follicular phase. Subjects performed five apneas with face immersion in 
cold water (12ºC) separated by 2-min rest, before and after a 2-week 
training program with repeated apneas. BHT, SaO2 and cardiovascular 
parameters were recorded during the experimental protocol. RESULTS 
Apnea training improved ΒΗΤmax more (p<0.05) and ΒΗΤtot slightly more 
(p=0.06) in NA compared to A. A profound reduction in %SaO2 during the 
repeated apneas after training was observed in NA but not in A. The A 
group (p<0.01) had lower cardiac output and arterial oxygen content 
during apneas both pre- and post- apnea training than NA (p<0.05). 
CONCLUSION Compared to non-anemic, mildly anemic women exhibited 
less improvement in BHT after apnea training, as they restrained arterial 
oxygen desaturation in order to conserve oxygen delivery. 
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ASSESSMENT OF THE PHYSIOLOGICAL LOADS AND SUBJECTIVE 
DISCOMFORTS FOR THE SUPPLIED-AIR RESPIRATORS (SAR) AT 
CONSTANT WORKLOAD UNDER PROLONGED CONDITION 

NAN-CIH WU, WEN-HSIN HSU, YU-HUA JAO, MIN-HSUAN HO & SHIN-
TING HUANG 

Twelve physically fit male university students (mean age 20.7±0.9) 
voluntarily participated in the study, which was approved by the 
institutional ethical review board of CMU. A full-face respirator equipped 
with either y-type air supply control valve or an organic canister was 
employed. The experiment compared SAR at constant flow 120 L/min for 
short duration (10 min) and prolonged work condition (40 min). The 
evaluated dependent variables included working heart rate (HR), work 
pulse (WP), oxygen consumption (VO2), peak inspiratory and expiratory 
pressure (PIP, PEP), inside inner quarter mask temperature (IT) and 
subjective rate of perceptual exertion (RPE). Our results showed that the 
use of SAR, compared with NAPR in the same work load and work time, 
significantly decreased WP, VO2, IT, PIP and RPE at both short and 
prolonged conditions. The HR and WP would increase significantly at the 
first 30min and stayed constant after for both SAR and NAPR. The VO2 
significantly increased for 0.03~0.07 L/min, 0.01 L/min for SAR and 
NAPR, respectively, during the prolonged condition. The use of SAR can 
significantly decrease physiological load and RPE compared with NAPR 
especially under prolonged work condition. The work-rest ratios under the 
prolonged condition should also be adjusted to avoid excessive 
physiological load. 

EFFECT OF HYPOXIA ON POSTPRANDIAL BLOOD GLUCOSE AND INSULIN 
RESPONSE 

MOJCA AMON, MICHAIL KERAMIDAS, STYLIANOS KOUNALAKIS, ROGER 
KÖLEGÅRD, LIZ SIMPSON, IAN MACDONALD, OLA EIKEN & IGOR 
MEKJAVIC 

INTRODUCTION Mountaineering expeditions are associated with changes 
to glucose metabolism in humans. We aimed to elucidate effects of 
environmental hypoxia on postprandial blood glucose response.  We 
hypothesized that 10-days continuous hypoxia would impair glucose 
tolerance. METHODS 11 healthy, aerobicaly trained (60.57±9.48 ml·kg-
1·min-1), normal weight (73.04±7.70 kg; BMI 22.23±2.39 kg·m-2) males 
(23.73±4.0 years) participated in a randomized cross-over designed study 
of continuous 10-day living in normobaric normoxic (FIO2=0.21) and 
normobaric hypoxic (FIO2=0.15) environments. Nutritional intake was 
controlled and physical activity restricted. Each subject completed a meal 
tolerance test to investigate the postprandial metabolic response before 
and after each exposure. On each occasion, participants consumed a high 
carbohydrate liquid meal in the morning after an overnight fast. 
Arterialized venous blood samples were collected before and for 2-hours 
after the meal to monitor glucose and insulin.  Repeated measures 3-way 
ANOVA was used to evaluate statistical significance (p<0.05). RESULTS 
After continuous 10-day hypoxic exposure, the postprandial blood glucose 
response was significantly increased (p<0.01), with a trend for an 
increased insulin response (p=0.06). CONCLUSION The present study 
demonstrated that 10-days of simulated altitude exposure in healthy 
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vounteers increased the postprandial blood glucose response, which is 
consistent with the development of insulin resistance. 

THERMAL STRAIN IN SOLDIERS PERFORMING PATROL MISSIONS IN A 
DESERT CLIMATE: EFFECT OF TWO DIFFERENT COOLING STRATEGIES  

URŠA CIUHA, MIKAEL GRÖNKVIST, IGOR MEKJAVIC, ROGER KÖLEGÅRD, 
DANIELA ZAVEC PAVLINIČ & OLA EIKEN 

We investigated the effect of two different cooling strategies on heat 
strain during simulated patrol missions in a desert climate. Ten subjects 
conducted two 35-min sessions on a treadmill (0.9 m/s) in a climatic 
chamber (45 °C and 20% RH), with 20 min of sitting rest between and 
after the exercise bouts. They participated in three trials: 1) wearing full 
desert uniform including body armor (BA) (Control: CN), wearing BA, 
reduced clothing and an air-cooling vest (Active cooling; AC), wearing BA, 
reduced clothing during exercise and further reducing clothing and 
spraying the body with water (in total ≈ 0.2 l) during the brakes (Passive 
cooling; PC). Subjects completed the exercise bouts in AC and PC, 
whereas in CN only 7 subjects completed the exercise; three had to 
discontinue prematurely due to heat exhaustion. The rate of Tc increase 
was lower in PC than in CN and AC. Risk of heat exhaustion in soldiers 
performing minimal-load patrol tasks in desert climate can be 
considerably reduced by reducing the clothing and spraying the body 
surface with modest amounts of water during the pauses. Continuous 
cooling of the torso by use of fan-driven airflow is less efficient; the 
technology needs further improved before being advocated in operational 
settings. 

THE EFFECT OF CAMOUFLAGE UNIFORM ON SWIMMING OBSTACLE 
COURSE PERFORMANCE  

IOANNIS KOSTOULAS, STYLIANOS KOUNALAKIS, KOSTANTINOS 
HAVENETIDIS, IOANNIS GIOSSOS & THRASIVOULOS PAXINOS 

INTRODUCTION We aimed to explore whether camouflage uniform (CU) 
could affect the physiological strain and performance time of the soldiers 
participating in simulated military activities in the water. METHODS 
Fourteen male army officer cadets, all members of the swimming team of 
the Hellenic Military University, participated in the present study. They 
performed in different days: a) a four-50m maximal test with 10 sec 
break in between (RT), b) a 50m-swim obstacle course with a CU (50CU) 
and c) a 50m-swim obstacle course with a swimming suit (50SS). In each 
test, heart rate (HR) recorded continuously and fingertip blood samples 
were collected 3 and 5 minutes post-exercise to define peak blood lactate 
concentration ([La]). RESULTS Peak [La] in RT was 15.4±2.6 mmol·l-1. 

Mean ± SD values for 50CU and 50SS conditions were 44.3±3.1 and 
33.4±1.8 sec respectively (p<0.01). Higher [La] observed for 50CU 
versus 50SS condition (50CU: 10.0±2.0, 50SS 8.5±1.8 mmol·l-1 p<0.05) 
in obstacle course but lower [La] than the respective value observed in RT 
condition (p<0.01). Mean and maximal HR was similar between 50CU and 
50SS. CONCLUSION CU reduced performance and increases [La], 
possibly as an increase of the contribution of the glycolitic mechanism. 
This reinforces the need to improve uniforms’ characteristics when 
soldiers operating in drenched environments. 
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CLOTHING, TEXTILES AND THERMOREGULATORY 
RESPONSES 
PROTECTIVE CLOTHING 

FORCED CONVECTION IN HELMET: HOW TO RE-ESTABLISH AN 
UNIMPAIRED DRY AND WET HEAT LOSS 

MICHEL DUCHARME & BRIAN FARNWORTH 

INTRODUCTION Wearing head protective gear during work in the heat 
could be detrimental to performance. The aim of this study was to 
investigate the use of forced convection in a helmet to re-establish the 
unimpaired heat loss from the head. METHODS A convective forced air 
system was developed for the CF Kevlar combat helmet (model CG634) 
with a channelled foam liner and a micro-fan (1.1W, 17g) using a 
computational fluid dynamics model to maintain ballistic protection while 
optimizing heat and sweat transfer. Convective system prototypes were 
tested on a thermal sweating head manikin according to ASTM F 1291 
(dry) and ASTM F 2370 (wet) Standard Test Methods.  RESULTS.  Wearing 
the combat helmet in still air (0.2 m·s-1) increased the thermal resistance 
from 0.10 to 0.17 m2·°C·W-1 and the evaporative resistance from 19.9 to 
45.3 m2·Pa·W-1. Using these values to predict the heat losses under 
conditions of 35°C skin temperature, 25°C and 40% RH air, the helmet 
decreases the total heat loss from the head by 52% compared to the bare 
head. An airflow of 1.7 L·s-1 through the channelled liner re-established 
the non-impaired dry and wet heat loss from the head. CONCLUSION 
Forced convection in a combat helmet could allow for unrestricted heat 
loss from the head of a person working at ~6 METs. 
INCORPORATING WATER ABSORBENT AND REFLECTIVE LAYERS INTO A 
SURVIVAL BAG DOES NOT IMPROVE TEMPERATURE RECOVERY OF COLD 
WET HUMANS 

JIM HOUSE, MARTHA FLEMING & MICHAEL TIPTON  

INTRODUCTION A novel composite fabric, developed for use in survival 
bags, comprises water-absorbing, waterproof and reflective layers, and is 
claimed to provide thermal benefits compared to polythene. This study 
investigated this claim. METHODS 12 volunteer participants (3 female) 
dressed in underwear, jeans and T-shirt, were immersed in 12°C water for 
one hour. They then recovered for one hour in 10°C air wrapped in either 
a polythene survival bag or the novel fabric. RESULTS Results are given 
as mean (SD). At the start of recovery Tre was 36.6°C, and fell 0.3°C 
during recovery, but had almost stabilized within the hour. Abdomen, 
chest and finger pad Tsk rose during recovery reaching 27.0(3.1)°C, 
29.1(4.2)°C, and 20.4(3.9)°C respectively; toe pad Tsk did not rise and 
was 11.8(0.8)°C after one hour. VO2 and HR declined gradually during 
recovery, indicative of reduced shivering. Other than VO2 being greater in 
the survival bag (12.2(5.5) mL.min-1.kg-1) compared to the novel fabric 
condition (10.7(3.4) mL.min-1.kg-1) in the first 10 minutes of recovery 
(P<0.05), there were no differences between conditions identified for Tre, 
Tsk, HR, thermal comfort, or thermal sensation. CONCLUSION The novel 
fabric provided no thermal benefit in these conditions compared to the 
polythene survival bag. 
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THERMAL RESISTANCE OF FINNISH INFANT'S WINTER CLOTHING 
ENSEMBLES AND THEIR RANGE OF USE 

TAKAKO FUKAZAWA, MARJO TOURULA, HANNU RINTAMÄKI & YUTAKA 
TOCHIHARA  

It is a common practice in Finland and other Northern European countries 
for infants to take nap outside for several hours even though the outside 
temperature is below zero. During the nap, sweat is sometimes observed 
even in the winter because of large thermal resistance caused by the 
clothing ensembles. On the other hand, evident temperature drop is also 
seen in extremities due to locally small thermal resistance. These 
problems mean that knowledge of proper clothing system is of great 
importance for the comfort and safety of infant. Therefore, in the study, 
thermal resistance of Finnish infant’s clothing ensembles has been 
measured with a baby thermal manikin. In the experiment, 11 types of 
the clothing ensembles were selected. Then adaptable climate has been 
estimated for each clothing ensemble using the obtained thermal 
resistance in terms of thermal equilibrium. The obtained results indicated 
that the clothing ensemble with a thermal resistance of around 5 clo 
enables an infant to stay safely in a cold environment ranged from -10 °C 
to -15 °C. The clothing ensembles with about 3 clo and 4 clo in the 
thermal resistance allow an infant to be safely exposed to cold 
environments of around 5 °C and -2 °C, respectively. 

PERSONAL COOLING WITH PHASE CHANGE MATERIALS TO IMPROVE 
THERMAL COMFORT FROM A GLOBAL WARMING PERSPECTIVE 

CHUANSI GAO, KALEV KUKLANE, FAMING WANG & INGVAR HOLMÉR 

INTRODUCTION Climate change increases the frequency of heat waves. 
During July and August 2003, significantly above-average temperatures 
were observed throughout Europe. It is important to be prepared for such 
impacts on the society. The objective was to study if the personal cooling 
with phase change materials (PCM) could improve thermal comfort in 
simulated office work. METHODS Cooling vests with PCM (melting at 21 
°C) was used. Eight male subjects, age 27.0±2.3 years, height 1.73±0.03 
m and weight 71.4±10.0 kg participated in the study in a climatic 
chamber (Ta=34 °C, RH=60%, and Va=0.4 m/s) and worked with a 
laptop computer. The subjects wore only a T-shirt and shorts during the 
first 30 min, and then put on the PCM vest, and continued working for 60 
min. Skin and rectal temperatures, whole body and local thermal 
sensations were recorded. RESULTS Results showed that the torso skin 
temperatures decreased about 2-3 °C and stayed at 33.3 °C. Both whole 
body and torso thermal sensations were improved. CONCLUSION The 
findings imply that the personal cooling with PCM can be used as an 
alternative to improve thermal comfort for office workers without air-
conditioning, and may be used for elderly people confronting with heat 
waves.  
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EFFECT OF BASE LAYERS ON PHYSIOLOGICAL AND PERCEPTUAL 
RESPONSES TO EXERCISE IN PERSONAL PROTECTIVE EQUIPMENT (PPE) 

DENISE SMITH, LOGAN ARENA, JACOB DEBLOIS, JEANNIE HALLER, ERIC 
HULTQUIST, WES LEFFERTS, TIM RUSSELL, ANNIE WU & PATRICIA 
FEHLING 

INTRODUCTION Personal protective equipment (PPE) worn by 
firefighters not only protects from burn injuries, it also adds a 
physiological burden to the wearer. The purpose of this study was to 
examine the effects of different base layer materials on physiological and 
perceptual strain during intermittent bouts of exercise in PPE and during 
recovery. METHODS Ten healthy, college-age men (age 20.8±0.8 yrs; 
body fat 15.8±4.0%; VO2max 58.9±6.3 ml·kg-1·min-1) completed a 110-
minute exercise/rest protocol in a thermoneutral laboratory (21.0°C, 
58.7% RH) while wearing different base layers (cotton, modacrylic, wool, 
and phase change material) under their PPE. The protocol involved 20 min 
of treadmill walking (~75% HRmax, 5% grade), 10 min recovery, 20 min 
walking, 20 min recovery, 20 min walking, and a final 20 min recovery 
period. RESULTS HR, core temperature, RPE and thermal sensations 
increased significantly during exercise bouts and decreased during 
recovery periods.  However, there were no significant differences among 
the base layer conditions for any outcome variable. DISCUSSION / 
CONCLUSION There were no differences in physiological or perceptual 
strain when wearing different base layers under PPE during intermittent 
exercise/rest bouts. The results suggest that for firefighters there is no 
physiological advantage to switching from the traditional cotton t-shirt. 

PHYSIOLOGICAL STRAIN ASSOCIATED WITH WEARING BODY ARMOUR OF 
INCREASING BALLISTIC PROTECTION 

ANNE VAN DEN HEUVEL, WILKO VAN DIJK, SEAN NOTLEY, MARK 
PATTERSON, GREGORY PEOPLES & NIGEL TAYLOR  

Variations in armour mass and surface area coverage were explored in 
eight males (45oC). Subjects walked at 4 km.h-1 (1% gradient; 90 min), 
then at 6 km.h-1 (4% gradient; 30 min), wearing five ensembles. Control 
(Tier zero): vest and webbing without armour; Tier one: lightest armour 
mass, smallest surface area coverage; Tier two: intermediate mass and 
surface area; Tier three: intermediate mass, larger surface area; Tier 
four: heaviest mass, greatest area coverage. These ensembles adversely 
affected tolerance, which changed inversely with ballistic protection 
(P<0.05). Core temperature deviations were evident for comparisons 
between Tiers 0 and 4 (P<0.05), Tiers 1 and 2 versus Tier 3 (P<0.05), 
and Tiers 1 and 2 compared with Tier 4 (P<0.05). Thus, Tiers 0-2 imposed 
equivalent, but lower stress, while Tiers 3 and 4 were equivalent, but 
exerted a greater thermal load. The heart rate responses were separated 
among trials, with Tier 4 eliciting greater strain; response differences 
between Tiers 1 and 4, and between Tiers 2 and 4 were significant 
(P<0.05). These observations support equipment classification into two 
equally stressful groups: Tiers 0-1-2, Tiers 3-4. Decisions concerning use 
can be based on required ballistic protection. However, moving from one 
group to another affects both protection and physiological strain. 
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THE APPAREL-PHYSIOLOGICAL STRAIN INTERFACE 

THERMAL RESPONSE DURING EXPLOSIVES ORDNANCE DISPOSAL 
OPERATIONS: OPTIMISING THE USE OF PHASE CHANGE MATERIAL VESTS 
IN HOT CONDITIONS  

DOUG THAKE, MARK SMITH & MARK OLDROYD  

INTRODUCTION The rate of rise in core temperature increases between 
30 and 45min of explosives ordnance disposal activity (Thake et al. 2009). 
In the field EOD personnel often have a rest period after ≈45min. This rest 
‘window’ potentially provides an opportunity for cooling garments (phase 
change material; PCM vest) to be replaced. The purpose of this study was 
to evaluate the effect of replacing a PCM vest at this time. METHODS Six 
non-heat acclimated males conducted three trials (consisting of 
2×3×16.5min activity cycles interspersed with one 10min rest period; 
Thake et al. 2009) at 40°C whilst wearing a ≈38kg EOD suit (Mk6, NP 
Aerospace, UK). Participants did not wear PCM (NoPCM); wore one PCM 
vest throughout (PCM1) or changed the PCM vest in the 10 min rest 
period (PCM2). RESULTS PCM2 negated the rise in Tcore and Tsk observed 
in NoPCM and PCM1 after the rest period (p<0.01). In the last activity 
cycle Tcore (37.4±0.5, 38.0±0.3, 37.9±0.3°C), Tsk (36.5±0.5, 37.2±0.3, 
37.4±0.3°C) and HR (119±25, 135±25, 129±34b·min-1) remained lower 
in PCM2 compared to NoPCM and PCM1 respectively. Of note Tsk was 
highest in PCM2. CONCLUSION PCM2 dramatically reduced thermal 
strain. Ominously thermal strain in PCM1 was on course to exceed that in 
NoPCM. 
REFERENCES Thake, C. D., Zurawlew, M. J., Price, M. J. & Oldroyd, M. 
(2009) The effect of heat acclimation on thermal strain during Explosives 
Ordnance Disposal (EOD) related activity in moderate and hot conditions. 
Proc. 13th Int. Conf. on Env. Ergon., ICEE 2009, Boston, USA. ISBN: 978-
1-74128-178-1 (CD ROM); ISBN: 978-1-74128-179-8 (online): 113-117. 

THE ADEQUACY OF 0.75 CLO INSULATION TO PROTECT AGAINST 
HYPOTHERMIA AT SEA  
DANA SWEENEY, MICHEL DUCHARME, BRIAN FARNWORTH, AUDREY 
PRAYAL-BROWN & PAUL POTTER  

INTRODUCTION Thermal protection standards for immersion suits 
typically require less than 2˚C decrease in Trectal after a 6 hour immersion 
in calm 0-2˚C water. However, there is little knowledge about the 
adequacy of the accepted 0.75 Clo (0.116 W/m2/˚C) insulation for 
hypothermia protection in realistic marine conditions over 6 hours. 
METHODS 10 male subjects were exposed for 6 hours in a 0.75 clo 
immersion suit on two occasions: in calm circulated 1.0˚C water with 
19.9˚C calm air (CC), and in 1.0˚C water, 15-30 cm waves, with 1.0˚C 
air and 18-25 km/hr wind (WW). RESULTS Over the immersion period, 
the increase in heat flow (HF) was 36% higher during WW (91.4±5.6 
W/m2) than CC (58.2±2.7 W/m2) and metabolic rate (MR) increased 60% 
more during WW (105±38 W/m2) than CC (42±29 W/m2) (p<0.05). There 
was no significant difference in the decrease in Trectal between WW 
(0.98±0.54˚C) and CC (1.24±0.54˚C) (p>0.05). CONCLUSION This 
study showed that immersion suits with 0.75 clo insulation worn in 
realistic marine conditions for 6 hours can limit the HF to a level that MR 
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could accommodate, resulting in less than 2˚C decrease in Trectal.  
Immersion suits with 0.75 Clo would be considered adequate to protect 
against hypothermia at sea. 

THE EFFECT OF SOCK FABRIC ON SKIN HYDRATION AND PERCEPTION OF 
THE FOOT AFTER 1 DAY OF MILITARY USE 

CORNELIS BOGERD, RETO NIEDERMANN, PAUL BRÜHWILER & RENÉ 
ROSSI  

INTRODUCTION We investigated the differences in skin hydration at the 
foot and perception using two sock fabrics with distinct moisture 
properties in a realistic military setting. METHODS 37 military recruits 
wore two different socks, one on each foot. The following two sock types 
were used; PP: polypropylene / elastane, and BLEND: wool / 
polypropylene / polyamide. The participants were followed for four days 
during which measurements were carried out daily succeeding a 6.5 km 
march. Each participant rated temperature, and comfort for each foot. On 
a daily selection of participants, additional measurements were carried out 
on gravimetry and skin hydration of the feet. RESULTS/CONCLUSION 
Compared to PP, BLEND was rated to be cooler, and more comfortable 
(p<0.05). Two of the three skin sites were different between both fabrics, 
with a dryer skin for BLEND (p<0.05). Finally, BLEND was found to store a 
factor 2.9 ± 0.3 more moisture compared to PP. Under the present 
conditions BLEND should be preferred over polypropylene for the areas of 
a sock not covering the sole. 

DISTRIBUTION OF THE AIR GAP THICKNESS IN CASUAL CLOTHING 

JOANNA FRACKIEWICZ-KACZMAREK, AGNES PSIKUTA, RENÉ ROSSI & 
MARIE-ANGE BUENO 

Currently, clothing models assume either a homogenous air gap between 
the body and a garment or its lack. This approach disregards the non-
uniformity of heat, vapour and liquid water transfer. Since this transfer 
depends on the shape of the air layers within the clothing, the distribution 
of the air gap thickness and the contact area in tight- and loose-fitting 
garments was investigated. We scanned motionless male manikin nude 
and dressed in either T-shirt (tight) or shirt (loose) and post-processed 
scans to obtain the distribution of the shortest distance between the 
surfaces of nude and dressed manikin. Results showed low variability of 
the air gap thickness (<2mm) and the contact area (3-6%) among six 
scanning repetitions indicating the repeatability of measurements. The air 
gap thickness was homogeneous at the extremities and mostly 
inhomogeneous at the trunk region, especially at highly concaved areas 
such as lumbus. Moreover, only max. 60% of the skin area stayed in 
contact with the T-shirt contradicting the assumption of full contact of the 
underwear with the skin in some models.The obtained distribution of the 
air gap thickness and the contact area will be applied in modeling of 
clothing to enhance realistic simulation of the user conditions.  

GARMENT WINDPROOFNESS - HOW WE CAN DEFINE IT IN TERMS OF 
OUTER FABRIC AIR PERMEABILITY SKIN  

ULI SPINDLER & PAUL CANATELLA  

INTRODUCTION A windproof garment can be defined as one that is 
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unaffected by wind i.e. the thermal insulation of the clothing, Icl, is not 
reduced by air penetration in the wind. This can be achieved both by using 
outer fabrics containing completely air impermeable coatings or 
membranes, or by using fabrics that are slightly air permeable according 
to ISO 9237, using the standard pressure differential of 100 Pa, but that 
under the lower pressure differential caused by wind do not allow any 
meaningful passage of air. The purpose of this work is to find the upper 
limit of outer fabric air permeability that can still be classed as windproof 
under wind speeds normally encountered. METHODS Six garments of the 
same design were made with different outer fabric air permeabilities 
between 0 and 155 Lm-2 s-1 @100 Pa. ( ISO 9237). The thermal insulation 
was measured on a thermal manikin with wind speeds up to 15 m s-1. 
RESULTS/CONCLUSION Under these conditions, fabrics with air 
permeabilities < 6 Lm-2 s-1 @100 Pa. showed no decrease in Icl compared 
to outer fabrics that were completely air impermeable. However above 
this value a decrease in Icl was observed for increasing wind speeds and 
air permeability. 

EFFECT OF MICROCLIMATE VOLUME ON CLOTHING THERMAL INSULATION  

Y.S. WU, C. SUN, K.M. LAU, & J.T. FAN  

The clothing microclimate volume is one of the important factors affecting 
the clothing thermal insulation, which is an essential parameter for 
environmental engineering. In this work, the clothing microclimate volume 
was measured using a 3D body scanner and correlated to the clothing 
thermal insulation measured on a sweating fabric manikin. 7 dress shirts 
of different sizes were put on the thermal manikin with the same trousers. 
The naked manikin and clothed manikin with different garments were 
scanned using a 3D body scanner to obtain the microclimate volume. The 
thermal insulation of clothing ensembles was also measured. The thermal 
insulation of clothing was then related to the microclimate volume. It was 
found the resultant thermal insulation increases in a decreasing rate, as 
clothing microclimate volume increases. Initially, an increment in volume 
will lead to sharp increase in thermal insulation. However, beyond 20000 
cm3, an increment in volume only leads to relative small change of 
thermal insulation. Eventually, for the very loose fitting garment, the 
thermal insulation reduces with further increase in microclimate volume.  
A polynomial equation can be obtained to fit trend with an r2 of 0.979. 

CLOTHING AND TEXTILES  

EVALUATING CYCLE GARMENT PERFORMANCE DURING A 
REPRESENTATIVE EXERCISE PROTOCOL: THERMAL STATUS AND 
PHYSIOLOGICAL COST 

JO CORBETT, MARTIN BARWOOD, MARK NEWTON & MICHAEL TIPTON  

INTRODUCTION During cycling, multiple thermal-exchange scenarios 
are often encountered within a single exercise bout. This can cause 
difficulty in selecting appropriate clothing. We evaluated different cycle 
clothing assemblies across a range of representative thermal-exchange 
scenarios. METHODS Six trained cyclists undertook exercise simulating 
different thermal-exchange scenarios, whilst wearing various clothing 
assemblies (LOW: shorts, gloves, socks; INT: shorts, gloves, socks, short 
sleeve jersey; HIGH: shorts, gloves, socks, short sleeve jersey, cycling 
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trousers, cycling jacket, skull cap, base layer). Exercise was conducted at 
14.5°C and 46.8% R.H, and included a ‘flat’ (45min at 35% peak power 
output [PPO], moderate wind-speed [8.3m·s-1]); ‘uphill’ (30min at 55% 
PPO, low wind-speed [3.6m·s-1]), and ‘downhill’ stage (20min at 50W, 
high wind-speed [16.7m·s-1]). RESULTS Rectal temperature changed with 
exercise intensity, and was independent of the clothing assembly. A clear 
‘envelope’ was evident for mean body temperature, defined by the LOW 
and HIGH conditions, and resulting from between-conditions differences in 
mean skin temperature. An elevated mean body temperature was 
associated with increased physiological ‘cost’ in the form of elevated sweat 
production, heart rate and RPE. CONCLUSION Physiological ‘cost’ 
represents a useful index of garment performance. Sporting apparel 
should be selected to optimise the balance between comfort and 
physiological ‘cost.’ 

EFFECTS OF DIFFERENT HARNESS DESIGN OF SELF CONTAINED 
BREATHING APPARATUS (SCBA) FOR FIREFIGHTING ON PHYSIOLOGICAL 
RESPONSES IN NEUTRAL AND HOT ENVIRONMENTS 

ILHAM BAKRI, JOO-YOUNG LEE, KOUHEI NAKAO, HITOSHI WAKABAYASHI 
& YUTAKA TOCHIHARA 

To examine the effects of harness designs of Self-Contained Breathing 
Apparatus (SCBA) on physiological responses during submaximal exercise, 
eight male students performed a treadmill exercise under four firefighter 
protective clothing (PC) conditions: 8.3 kg PC alone (Control), PC + 11.0 
kg SCBA with an old strap (Type A), PC + 6.4 kg SCBA with an old strap 
(Type B), and PC + 6.4 kg SCBA with a new strap (Type C), at ambient 
temperatures (Ta) of 22oC (neutral) and 32oC (hot environment). With 
Type C, oxygen consumption and metabolic rate were significantly 
reduced compared to Type B. There were no significant differences in the 
peak heart rate (HRpeak), the change in the rectal temperature (ΔTre), or 
the time lag preceding the start of the fall in rectal temperature (Tre) after 
the cessation of exercise among the test conditions. However, changes in 
Ta had a significant influence on these physiological parameters, as HRpeak 
and ΔTre became higher, and the time lag of Tre became longer. The new 
harness design of the SCBA significantly reduced the thermal physiological 
burden suffered by wearers, especially when the exercise was conducted 
in a hot environment, even when the weight of the SCBA was unchanged. 

INFLUENCE OF NORMAL AND SHEAR LOAD ON SKIN BLOOD FLOW 

YA-NAN HUANG & XIAO-QUN DAI 

INTRODUCTION Pressure caused by tight garments has been reported 
to have complicated influence on human physiological activities such as 
blood occlusion in skin, however the effect of ‘normal and shear’ combined 
loading which could be found in wearing foundation has seldom been 
reported. In this study, we focus on the change of skin blood flow (SBF) 
when both of normal and shear loads are applied on the lower limb. 
METHODS The voluntary subjects were required to wear the same 
stocking, which was pulled parallel to the calf to deform the skin with 
pressures of various magnitudes exerted on the calf by using 
sphygmomanometer. The applied force and SBF were measured at several 
feature points respectively by using AMI system.  RESULTS The SBF 
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declined when the pressure of 40mmHg was exerted, while it declined 
further as the shear load was added. The wavelet analysis was also 
carried out on skin blood flow signals to find out the mechanism of shear 
effect on skin blood flow. CONCLUSION In this study, the influence of 
shear on skin blood flow was proved to be obvious. And it could not be 
negated in tight garments design. 

THE EFFECT OF SOCK FABRIC ON SKIN HYDRATION AND SKIN FRICTION 
OF THE FOOT AFTER 30 MIN WALKING ON A TREATMILL 

CORNELIS BOGERD, RENÉ ROSSI & PAUL BRÜHWILER 

INTRODUCTION We investigated the physiological effects, mainly at the 
level of the foot, of two sock fabrics with distinct moisture properties. 
METHODS: 12 participants wore two different socks, one on each foot. 
The following two sock types were used; PP: polypropylene/elastane, and 
BLEND: wool / polypropylene / polyamide. The participants walked once 
on a treadmill at 5 km/h, with no inclination. Preceding and following the 
walking phase measurements of skin hydration on three locations of the 
foot, as well as skin friction between the posterior surface of the calcaneus 
and a glass plate. In addition, the moisture absorption of boots and socks 
were determined. RESULTS/CONCLUSIONS: Differences between the 
sock fabrics were found for weight gain. The established differences in 
moisture behavior of both socks did not result in detectible differences in 
skin hydration and friction at the foot. These results indicated that despite 
distinct moisture behavior differences of the fabrics as well as results of 
published studies on blister prevention, under the present conditions no 
effect is found on physiological parameters relevant to blister incidence. 

PERCEIVED THERMAL AND ERGONOMICS FEATURES EVALUATION OF A 
LIQUID COOLED GARMENT WORN UNDER PROTECTIVE CLOTHING 
DURING TREADMILL EXERCISE 

AITOR COCA, JUNG-HYUN KIM, W. JON WILLIAMS & RAYMOND ROBERGE 

While Personal Protective Equipment (PPE) ensembles effectively provide 
workers with protection from occupational hazards, working in vapor 
resistant ensembles increase the risk of heat illness/injuries and 
physiological burdens. The purpose of this study was to investigate the 
effect of body cooling via two types of Liquid Cooled Garments (LCG) 
underneath a PPE ensemble on perceived thermal strain, physiological 
responses, and ergonomics features during intermittent treadmill exercise 
in warm environmental conditions. Six male subjects performed treadmill 
exercise in an environmental chamber at 35°C and 50% RH. Subjects 
wore either a top cooling garment (TCG), a shortened cooling garment 
(SCG), or no cooling (control) under PPE. Body cooling via a wearable 
LCG, specifically the SCG, underneath the PPE ensemble significantly 
alleviated both perceived thermal and physiological strain while individuals 
performed exercise under conditions of uncompensable heat stress. 
Moreover, according to self-report, wearing a LCG underneath the PPE 
ensemble did not restrict the movement of individuals nor decrease 
ergonomic features of the PPE ensemble. However, the extension of these 
results to practical application in occupational settings requires further 
research on the integration of LCG and PPE with a consideration of the 
system design and performance. 
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THE EFFECT OF SPECIAL TROUSERS WHICH WERE PRODUCED FROM THE 
THERMAL MATERIALS OF STORAGE HEAT KNEADED FOR ANTI-POOR 
CIRCULATION 

MIKIE KUSUNOKI 

INTRODUCTION Poor circulation is not a symptom peculiar to a woman, 
but there is an increasing number of evidence that young women also 
suffer from poor circulation. This study examined special trousers, which 
are said to be effective in keeping lower limbs warm. METHODS 12 
healthy female students participated in experiment in order to obtain the 
data of skin temperatures with special trousers outdoors and indoors. 
RESULTS AND DISCUSSION Heat retention of the special trousers is 
higher indoors than outdoors, it is confirmed that the special trousers 
absorbs not only the light of the sun but also creates artificial illumination 
without missing every single wavelength of the light. On this account heat 
retention is considered to remain at any place if there is only light in 
wearing the special trousers. Given the difference in the special trousers 
wearing between the group of poor circulation and that of no poor 
circulation, there was a difference in the Max. temperature, but not in the 
Min. and the Mean temperatures. We suggest that wearing of the special 
trousers should be effective on the poor circulation group. 

EFFECT OF THE WETNESS OF CLOTHING MADE OF DIFFERENT MATERIALS 
ON THE MEAN SKIN TEMPERATURE IN A HOT ENVIRONMENT 

KOUHEI KUWABARA, HIDEKI KUBOTA, YASUHIRO HAMADA & KATSUNORI 
NAGANO  

INTRODUCTION The aim of this study is to estimate the effect of the 
wetness of clothing made of different popular materials on the mean skin 
temperature (MST) in a hot environment. METHODS Two types of 
clothing ensembles (CEs) were tested: CE1) 100% cotton T-shirt and 
trousers and CE2) 100% polyester T-shirt and 60% cotton/40% polyester 
trousers. Experiments were performed using a bicycle ergometer for six 
male subjects. The weights of naked subjects and their clothing and the 
skin temperatures were measured during the experiments. RESULTS 
There was no difference in the weight increase of the clothing observed in 
the case of the two types of CEs, and also in the MST of human subjects 
who wear two types of CEs. By introducing a human model developed by 
the authors for predicting MST and the virtual dripping sweat rate (VDSR), 
it was found that 55% of the VDSR was retained in both clothing 
ensembles. CONCLUSION We predicted MST with our human model by 
applying that 45% of VDSR evaporated at the wet clothing and increased 
the evaporative heat loss. The model considers the effect of sweat 
efficiency and wet clothing. The predicted MST and those obtained from 
the experiments were in a good agreement. 

BODY REGION-DEPENDENT EFFECTS OF MENTHOL APPLICATION ON THE 
ALLEVIATION OF HEAT STRAIN WHILE WEARING FIREFIGHTERS' 
PROTECTIVE CLOTHING 

KOUHEI NAKAO, JOO-YOUNG LEE, ILHAM BAKRI & YUTAKA TOCHIHARA  

The purpose of this study was to investigate the body regional effects of 
menthol application on the alleviation of heat strain. Eight male students 
underwent a two-stage experiment: [Experiment 1] A cutaneous thermal 
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threshold test at rest in eight body regions with/without 0.8% menthol 
application at Ta 28oC and 50%RH; [Experiment 2] A series of exercise 
tests with/without 0.8% menthol at Ta 25oC and 40%RH, which consisted 
of six conditions with a 30 min exercise followed by 20 min recovery, 
while wearing firefighters’ protective clothing (No menthol, PCNO; face & 
neck menthol, PCFN; upper body menthol, PCUB; and whole body menthol 
application, PCWB) and wearing standard clothing (No menthol & upper 
body menthol). Experiment 1 showed that menthol had no significant 
effect on warm thresholds to detect warm sensations, whereas menthol 
application evoked earlier detection of cool sensations, especially on the 
chest (p<0.05) and calf (p<0.01). Experiment 2 revealed that PCWB 
induced greater and earlier increases in rectal temperature along with 
higher vasoconstriction on extremities during exercise, but lessened 
cardiovascular and psychological burdens (p<0.05). Significances in 
menthol effects varied among PCFN, PCUB and PCWB. These results indicate 
that menthol’s topical effects are body region- and dosed surface area-
dependent.  

OBJECTIVE EVALUATION OF TEXTILE COMPONENTS USED IN FIRE 
FIGHTERS' GARMENTS AS RELEVANT TO THERMOPHYSIOLOGICAL 
COMFORT 

NAZIA NAWAZ & OLGA TROYNIKOV 

Modern firefighters’ protective clothing is a layered assembly, which 
typically consists of a flame-resistant outer shell and inner layers. The 
inner layers are generally composed of a moisture barrier and a thermal 
barrier or liner. The system of protective clothing ensembles and material 
layered assemblies must be chosen carefully to balance the thermal 
protection required and the physiological comfort of the wearer. In this 
study the textile components of two Australian firefighters’ protective 
garments (Generation I and Generation IV) differing in textile components 
and construction were tested, compared and evaluated in terms of 
thermophysiological comfort. The aim of this study was to objectively 
evaluate whether the protective garment of Generation IV offers improved 
thermophysiological comfort to Australian firefighters comparing to 
Generation I garment. Physical parameters, thermal and liquid moisture 
transfer properties of textile components and their assemblies of both 
garment Generations were acquired for this objective evaluation, 
compared and evaluated. It is concluded from the results of this study 
that Generation IV garment is more capable to transfer body heat and 
moisture in vapour form to outer atmosphere as compared to Generation I 
garment, providing better thermophysiological comfort.  

METHODOLOGY FOR FOOTWEAR THERMAL COMFORT IMPROVEMENT 

BOSTJAN NOVAK, MATIJA JEZERSEK & IGOR ZUPAN 

Moisture and temperature deviations are important aspects of a footwear 
comfort. A methodology of a footwear development with a particular focus 
on the optimization of thermal comfort is therefore very important. We 
represent a simple and efficient technique, which consists of two phases. 
In the first phase we selected an optimal selection of materials and 
assembling technologies of upper leather and lining materials. The 
selection was based on laboratory evaluation of water vapour permeability 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 81 

of different combinations of materials and assemblies. Sample preparation 
and measurements are carried out under standard conditions (ISO 2419 
and ISO 17699). Prototype shoes with those combinations of materials 
that were in the first phase of laboratory tests proved among the best are 
evaluated in the second phase. Relative humidity and temperature are 
measured in vivo, during the wearing of shoes, using portable system 
Hobo. The temperature and humidity sensor are used for comparative 
measuring of left and right shoe. Results show good agreement between 
the first and second evaluation. We can conclude that the sewing of the 
different materials during assembling of the upper is considerably better 
than gluing with the terms of thermal comfort in finished shoe. 

INVESTIGATION OF PHYSIOLOGICAL RESPONSES AND SUBJECTIVE 
SENSATIONS FOR DEVELOPING WINTER CYLING WEAR 

JOONHEE PARK & SHINJUNG YOO 

In the energy-conservation era, cycling gear is receiving a worldwide 
attention. However, studies related to cycling wear are lacking. This study 
was conducted to investigate the physiological responses and subjective 
sensations as well as the effects of the airflow to these factors during 
cycling. Ten male volunteers were recruited. All tests were conducted in a 
climatic chamber (12±0.5℃, 50±5%RH) under two different conditions: 
with airflow (2m/s) and without airflow (0m/s). The upper-body sweat 
rates, skin temperatures, clothing microclimates and subjective sensations 
were measured. Local sweat rates were higher in the center than in lateral 
of the upper-body. Temperature inside clothing was the highest in the 
thighs, followed by back, upper-arm, and chest whereas humidity inside 
clothing was the highest in the chest, followed by back, abdomen, and 
thighs. Thermal and wet sensation and thermal comfort were hotter, 
wetter and more uncomfortable in the back, buttocks and chest. Local 
sweat rates, clothing microclimate and subjective sensations in airflow 
condition were lower than those in non-airflow condition. These results 
suggested the need of pertinent ventilation in the back, chest and 
buttocks even for winter cycling wear. Cycling wear should be developed 
by allocating proper material to different parts of the body for better 
thermophysiological comfort. 

EFFECT OF AIR AND WATER FLOW RATES ON DEAMMONIATION OF LATEX 
INDUSTRY EFFLUENT 

K SAHOO & S DAWANDE 

Natural rubber processing sector produces raw materials used for the 
manufacture of dipped latex products, industrial rubber products, 
automotive products and many kinds of adhesives. The raw material used 
for natural rubber processing is latex, mainly tapped from rubber tree 
(Hevea brasiliensis). Natural rubber processing sector consumes large 
volumes of water. It also discharges huge quantities of industrial effluents 
containing higher biological oxygen demand and ammonia including 
ammoniacal nitrogen. For each metric ton of natural rubber produced, 25 
to 35 m3 effluent is generated depending on the type of products handled. 
The high concentration of ammonia present in latex industry effluent 
poses another serious threat to the environment (death of aquatic 
organisms including fresh water fish, methaeglobinaemia in infants, 
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entrophication problems in lakes and rivers). In order to provide a 
practical industrial solution to the problem, this paper highlights the 
experiments carried out in a prototype deammoniation tower for 
optimization studies to determine scale up factors for commercial designs. 
We observed that: a) Column loading of 1.33 lit / sqm / sec and air to 
waste loading of 2833  m3 / m3  gives the best tower efficiency of 89.06 
% b) higher air loading does not help increase deammoniation efficiency 
c) similarly higher column loading results in flooding and lower contact 
with air thereby resulting in lower deammoniation efficiencies 

THE COMPARISON OF THE EVALUATION METHODS FOR MOISTURE 
MANAGEMENT FABRICS 

LI-CHU WANG, YUN-CHI CHANG & YANG-CHENG SHIH  

Moisture transportation within fabrics has great impact on the sensation of 
thermal comfort for the human body. Therefore, the design of the base 
layer of a clothing system should include moisture management fabrics 
with excellent performance. The main function of moisture management 
fabrics is to prevent or reduce wet and sticky feelings after sweating and 
to create comfortable microenvironment between fabrics and the skin 
surface for the human body. Due to the complicated mechanism of 
moisture transportation, it is very difficult to evaluate the fabrics’ 
performance on moisture management by a single test. Thus, an 
evaluation system including five different tests to assess the performance 
of moisture management fabrics has been developed in Taiwan Textile 
Research Institute (TTRI) since 20 years ago. In this study, the fabrics 
evaluated by this so-called 5-MM (moisture management) tests were 
compared with the latest issued testing standard, AATCC TM 195. Two 
polyester knitted fabrics were selected and assessed by the two evaluation 
methods. The results evaluated by both methods yielded similar trends on 
fabrics’ performance. EMPA sweating torso was also adopted in this study 
to evaluate thermal reaction of the human body, resulting from the 
wicking and the cooling effects of fabrics.  

ERGONOMIC ANALYSIS OF CHEMICAL PROTECTIVE CLOTHING: FIT, 
COMFORT AND HEAT STRESS  

SHUQIN WEN & GUOWEN SONG 

INTRODUCTION Clothing ergonomic analysis is critical to protective 
clothing systems. Traditional one- or two-dimensional measurement of 
body and garment size provides limited information, and is not able to 
represent the actual position of a garment when being worn. Methods: a 
3D body scanning approach was used to determine the air gap sizes and 
distributions developed between the clothing and a male manikin. These 
analyses were performed on fifteen-selected chemical protective clothing 
and ergonomic factors including garment ease, bulk, stiffness and overall 
fit were characterized and quantified by the 3D scanning technique. 
RESULTS Several predictive indices, including average air gap size, node 
depth and shoulder ease were defined and generated to differentiate 
between sizes and materials. The thermal and evaporative resistance for 
the selected clothing were evaluated and the heat stress applied by 
wearing these clothing was estimated. Additionally the physical and 
thermal/evaporative properties of the selected clothing materials were 
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examined and their relations to full-scale clothing results were 
investigated. CONCLUSION The 3D data generated in this research allow 
us to study the effect of clothing/human body microclimate on clothing 
performance and its contributions to heat stress; it is a major 
improvement over the traditional anthropometric means of measurement. 
The predictive indices developed can be used for model development on 
the effects of protective clothing ergonomic properties on worker 
performance. 

THE WORKING ENVIRONMENT 
OCCUPATIONAL ERGONOMICS 

INNOVATIVE TEXTILE-HANDLE WITH CARE 

GEORGE HAVENITH 

In recent years many clothing manufacturers are flooded with offers from 
textile/fabric producers regarding new, innovative textiles. For 
laboratories like ours, that have close links with clothing manufacturers, 
this means we are often asked to assist with assessing such materials. 
Examples of materials that have come to market over the last decade are: 
phase change materials; ionising fabrics; materials containing ceramics; 
Ultrafast photonic technology; Nexus Energy Source; Celliant etc etc. The 
purpose of this presentation is to look at available evidence for the 
functioning of these materials and to evaluate this evidence. This will 
cover publicly available information only, i.e. scientific publications in 
refereed journals, websites and accessible reports.  

BIOPHYSICAL AND PHYSIOLOGICAL DETERMINANTS OF 
THERMOREGULATORY SWEATING 

OLLIE JAY 

In order to maintain the health and performance of industrial workers, 
athletes, and soldiers operating in hot environments, replacing the water 
lost from the body is essential. Thirst alone is a poor indicator of hydration 
status and regulator of water intake, therefore understanding the 
individual variation in whole-body sweat losses is vital for accurately 
predicting appropriate fluid requirements. Indeed, accurate drinking 
guidelines will prevent the breakdown of an occupational hydration 
management system. From a biophysical perspective, sweat production is 
determined by the evaporative requirements for heat balance (Ereq) and 
the efficiency with which sweat evaporates (Seff). Values for Ereq are 
determined by activity levels, mechanical efficiency and dry heat transfer 
with the environment. On the other hand, Seff is primarily influenced by 
the level of skin wettedness required for heat balance (ωreq) - defined by 
the ratio of Ereq relative to the maximum evaporative rate possible in the 
environment (Emax). Recent experimental data describe the independent 
influence of factors such as aerobic fitness, body fatness, body surface 
area and drink temperature upon thermoregulatory sweating. Meanwhile 
biophysical modeling efforts potentially contribute to the prediction of 
sweat losses in populations with sudomotor impairments (e.g  
sympathectomy patients). 
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RECENT DEVELOPMENTS ON THE MECHANISMS OF CONTROL OF 
BREATHING FOR WORKERS IN HOT ENVIRONMENTS 

MATTHEW WHITE 

For workers in hot environments it remains to be resolved what are 
mechanisms of control of the thermal hyperpnoea response. In this 
presentation 3 groups of studies will be given.  Methods: Group 1) During 
iso- or eucapnia, resting and exercise pulmonary ventilation (VE) 
responses were compared between normo- (NT) and hyperthermic (HT) 
conditions during hypoxic ventilatory response (HVR) tests; Group 2) VE 
responses to hyperthermia were compared before and after passive heat 
acclimation (HA); Group 3) middle cerebral artery blood velocity (MCAv) 
and basilar artery blood velocity (BAv) and an index of cerebrovascular 
conductance (ICVC) at these sites were compared between NT and HT 
conditions. Results:  Group 1: NT HVR tests increased VE by ~40% and 
HT HVR tests increased VE by ~70% (p=0.002). Likewise, during low 
intensity exercise, HT HVR tests gave increases (p<0.017) in VE relative to 
that in NT HVR tests. Significant esophageal temperature by gas type 
interactions (p≤0.012) in both studies illustrated an increased 
chemosensitivity to modulators of ventilation.  Group 2: Increased 
sensitivity of the exercise ventilatory response was evidenced by 
elevations (P≤0.02) for post vs pre HA VE during progressive exercise 
from rest to exhaustion.  Group 3: During poikilocapnic or eucapnic 
thermal hyperpnoea there was a decrease (p<0.001) in MCAv and 
maintenance of ICVCMCA whereas BAv was maintained and ICVCBA 
increased (p<0.05). Conclusion: The evidence supports acute and 
chronic hyperthermia elevates chemosensitivity of pulmonary ventilation 
and thermal hyperpnea is coupled with maintained or increased perfusion 
of the basilar artery that supplies respiratory control center in the medulla 
oblongata.  

THERMAL DISORDERS: A MILITARY PERSPECTIVE 

HELED YUVAL, DS MORAN, Y EPSTEIN & YAIR SHAPIRO 

Heat injuries are a major focus of both military and sports medical 
personnel. They may occur during or after physical exercise, usually when 
an individual's heat production exceeds his ability to dissipate it. 
Exertional heat stroke (EHS) is the most dangerous heat injury and in 
worse cases can be fatal. It is defined as a situation in which body 
temperature rises to such a level that inflicts tissue damage and causes a 
characteristic multi system syndrome. Heat injuries may be caused by 
both pathological reasons as well as physiological conditions that interfere 
with proper thermoregulatory functions. A genetic association with 
susceptibility to heat injuries has also been suggested. Rapid cooling, 
especially in EHS, is the most important treatment method, since 
prognosis depends on the peak temperature and the duration of 
hyperthermia. Preventing heat injuries program should include strict 
regime of work-rest cycles, proper hydration guidelines and exercise 
restrictions according to heat load. The return to duty after EHS is another 
medical challenge since EHS has been shown to be associated with a state 
of heat intolerance. We suggest that a heat tolerance test is the best tool 
for safely returning back to duty. 
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OCCUPATIONAL APPLICATIONS 

REQUIRED CLOTHING INSULATION AND RECOMMENDED OUTDOOR 
WORK EXPOSURE TIME FOR PETROLEUM WORKERS IN THE ARCTIC 

HILDE FÆREVIK, MARIA SUONG TJØNNAS, SIGRI HEEN, ØYSTEIN 
WIGGEN & RANDI EIDSMO REINERTSEN 

INTRODUCTION The purpose of this study was to determine whether the 
protective clothing (PPE) in use by petroleum workers at Melkøya is 
adequate for cold protection. We hypothesized that the PPE will not satisfy 
the requirements according to the IREQ model when exposed to 
environmental conditions simulating those of the harsh arctic 
environment. METHODS Insulation values of the PPE in current use were 
measured with a thermal manikin. The IREQ model (ISO 11079) was used 
to calculate the required clothing insulation and recommended exposure 
time (Dlim). Field testing of three petroleum workers at Melkøya was 
carried out in order to obtain information about heart rate (fc), skin 
temperatures (Tsk) and thermal comfort during work operations. 
RESULTS/DISCUSSION Insulation values of the clothing concepts were 2.49 
Clo and 4.27 Clo. Dlim calculations showed that at the lowest ambient 
temperatures only limited time is available to perform necessary tasks. 
The field tests showed a low metabolic rate (fc corresponding to 115 W ·m-2).Tsk fell 
at all sites, most on the cheek and hand with Tsk below 15°C for more than 30 minutes and 
subjects were thermally uncomfortable. The study demonstrated that the 
PPE used by petroleum’s workers at Melkøya provides only limited cold 
protection in arctic environments.  

PREVENTION OF HEAT STRAIN AND CHEMICAL CONTAMINATION DURING 
FUEL TANK REPLACEMENT 
SIRKKA RISSANEN, JUHA LAITINEN & HANNU RINTAMÄKI  

INTRODUCTION Due to adverse health effects of kerosene aircraft 
mechanics wear personal protective equipment. The aim of this study was 
to prevent heat strain as well as chemical contamination during the 
replacement of fuel tanks. METHODS Six male mechanics volunteered. 
They performed a tank replacement simulation for 50 min in the 
laboratory at 25°C. Air cooling system (AIR) was used and no cooling was 
control (C). Core (Tcore) and skin temperatures and sweat rate were 
measured. In addition, concentrations of naphthalene on skin and total 
exposure to naphthalene in urine were measured during real fuel tank 
replacements. RESULTS At the end of the simulation Tcore was 37.9 ± 
0.4 and 38.3 ± 0.1°C (p<0.05) for AIR and C, respectively. Mean skin 
temperature was 33.6 ± 1.6 and 36.4 ± 1.0°C (p<0.05) for AIR and C, 
respectively. Sweat loss decreased by 22 % for AIR in comparison to C. 
Moisture from clothing evaporated by 61 and 18% for AIR and C 
(p<0.05). Naphthalene concentration on skin decreased at most by 80% 
and total exposure to naphthalene in the urine by 30% when AIR was 
used. CONCLUSION In conclusion, the use of air-cooling prevented 
development of heat strain and decreased exposure to naphthalene. 
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THERMAL COMFORT IN TRANSPORT: DEVELOPMENT OF A FIELD 
EVALUATION METHODOLOGY  

SIMON HODDER, LISA KELLY & KEN PARSONS 

INTRODUCTION Thermal comfort in vehicles and transport systems has 
become more important over the last decade.  Many existing methods and 
models for evaluation have focussed on steady state environments, which 
are relatively uniform in shape and form.  Vehicles and their surrounding 
environment offer a far more complex space, within which rapid changes 
in environmental conditions can occur. The factors that need to be 
considered when evaluating occupant thermal comfort in the field are 
considered. METHOD Systematic review of the measurement of 
appropriate environmental parameters and solutions to quantifying them 
for the environmental evaluation in a vehicle.  Development of a practical 
methodology for assessment of thermal comfort in vehicles, considering 
both objective and subjective measures. RESULTS Evaluation of the 
methodology with laboratory and field experiments determined the 
suitability of the data in quantifying the occupant space and for 
applicability in the assessment of the vehicles and providing data for 
predictive thermal models. CONCLUSION Complexity of the occupant 
environment presents a number of challenges and a need for careful 
consideration by those studying it. Guidelines and recommendations for 
undertaking field evaluations of vehicles and transport systems have been 
developed to aid researchers working in the area of thermal environments 
within these spaces. 

LABORATORY EVALUATION OF ROTARY-WING AIRCREW HEAT STRAIN  

AS WELLER, KPM PUXLEY, NC WILLIAMS & JWR BOYD 

INTRODUCTION Heat strain is a threat to the effectiveness of rotary-
wing aircrew undertaking hot-weather military operations. Use of a 
personal cooling system (PCS) is a potential mitigation strategy, although 
these typically have logistical and integration trade-offs. In order to 
establish the requirement for a PCS, aircrew heat strain was evaluated by 
a laboratory-based volunteer trial. METHODS Sixteen men undertook five 
170-minute heat tests in a thermal chamber, controlled at four levels of 
wet-bulb-globe-temperature (WBGT; 18, 22, 27 and 31 °C), wearing a 
representative summer aircrew equipment assembly. A PCS was not worn. 
The volunteers were assigned to two groups, and undertook exercise 
protocols representative of the intensity and pattern of the physical 
activity of front and rear crew, respectively. Physiological and subjective 
measures of heat strain were obtained. RESULTS For both the front and 
rear crew simulations, mean rectal temperature at the end of the heat 
tests exceeded 38°C in the highest WBGT condition (31°C) only. 
CONCLUSION At a WBGT of 27 °C or less for exposures up to ~3 hours, 
it is unlikely that a PCS is essential to protect aircrew from the physical 
effects of heat exposure, although aircrew cooling should be considered 
carefully when heat loads are greater.  

 

 

 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 87 

VALIDATION OF HEAT STRAIN DECISION AID PERFORMANCE FOR 
PREDICTION OF CORE TEMPERATURE DURING EXERCISE IN THE HEAT 
WHILE WEARING MILITARY PROTECTIVE ENSEMBLES 

LAURIE BLANCHARD, THOMAS HART & JAY HEANEY 

INTRODUCTION Chemical Biological Protective Ensembles (CBPE) 
restrict wearers’ heat exchange with the environment and increase the 
risk of heat injury. The USARIEM Heat Strain Decision Aid (HSDA) has 
been widely used to develop heat stress management guidelines. The 
purpose of this study is to show the validity of HSDA predictions of core 
temperature (Tcore) during exercise in a hot environment while wearing 
CBPE. METHODS HSDA predictions of Tcore were compared to measured 
Tcore of 10 volunteers (age 23±4 years, height 176.3±7.7cm, and weight 
76.86±11.6 kg) during exercise in the heat while wearing CBPE in the 
same configuration as tested on a thermal manikin. Following heat 
acclimation, 7 garment trials were conducted in randomized order in 
37.8˚C and 30% RH environment. The maximum duration of each test 
was 120 minutes with a time-weighted metabolic rate ≈250W. Treadmill 
speed and grade, and work/rest cycles were determined from each 
volunteer’s O2 measured during each trial. RESULTS HSDA predictions 
were generally within, or slightly more conservative than, the variability of 
the measured Tcore for these ensembles. CONCLUSION Though 
conservative by design, HSDA is a reliable tool for prediction of Tcore 
during exercise in a hot environment while wearing CBPE. 
REFERENCES 
ASTM F1291 Standard Test Method for Measuring the Thermal Insulation 
of Clothing Using a Heated Manikin, 2005. 
ASTM F2370 Standard Test Method for Measuring the Evaporative 
Resistance of Clothing Using a Sweating Manikin, 2010. 
Naval Health Research Center Technical Report, “Physiological Evaluation 
of the Thermal Burden of Wearing the JC3 Combat Vehicle Crew Chemical 
and Biological Protective Garment” Heaney JH, Hascall JL, Hart T, Cowan 
CL, Duffy KJ, Miller PW. San Diego, CA, 2006. 
TB MED 507 / AFPAM 48-152 (I), “Heat Stress Control and Heat Casualty 
Management”, 7 March 2003 

ARE HEAT EXPOSURE LIMITS BASED ON WET BULB GLOBE TEMPERATURE 
ADEQUATE FOR DEEP MECHANIZED MINING OPERATIONS?  

JILL STAPLETON, STEPHEN HARDCASTLE & GLEN KENNY 

INTRODUCTION The Canadian mining industry employs the American 
Conference of Governmental Industrial Hygienist (ACGIH) Threshold Limit 
Values (TLVs), provided in terms of WBGT values, as a heat stress 
screening criteria.  However, WBGT has limited value as a predictor of 
physiological strain at the higher heat stress levels encountered in the 
day-to-day mining operations especially under conditions which restrict 
evaporation (J Sci Med Sports, 11:20, 2008).  We measured the change in 
body heat content (∆Hb) during and following moderate intensity exercise 
in a Hot/Dry (46˚C, 10%RH) and Warm/Wet (33˚C, 60%RH) ambient 
conditions at a WBGT equivalent of 29ºC. METHODS Nine participants 
performed six 15-min bouts of cycling interspersed by 5-min rest periods: 
1) Control: shorts-only (CON); 2) Standard mining uniform: coveralls and 
cotton underwear (SMU); or, 3) Modified mining uniform: enhanced 
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wicking long-sleeve top and work pant (MMU). The rate of whole-body 
heat loss, as well as ∆Hb, were measured using direct calorimetry. 
RESULTS We observed a greater ∆Hb for Warm/Wet (CON: 466±51 kJ; 
MMU: 521±67 kJ; SMU: 685±63 kJ) compared to Hot/Dry (CON: 405±51 
kJ; MMU: 508±55 kJ; SMU: 579±78 kJ)(P<0.05). CONCLUSION The 
ACGIH TLV based work exposure limits provided in terms of WBGT 
underestimate the level of thermal strain under conditions, which restrict 
evaporative heat loss. 

EFFECTS OF ENVIRONMENTAL TEMPERATURE ON THE OCCURRENCE OF 
VEHICLE ACCIDENTS IN GREECE 

PETROS DINAS, ANDRES CARRILLO, YIANNIS KOUTEDAKIS & ANDREAS 
FLOURIS 

INTRODUCTION Environmental temperature (Tenv) affects vehicle 
accidents (VA) both directly (through effects on body temperature, 
reaction time and vigilance) and indirectly (through changes in vehicle 
use, particularly on highways). In this study we assessed the effect of Tenv 
on VA and we devised appropriate Tenv cutoffs to be used as warnings. 
METHODS Nationwide VA data from the Hellenic Police archive were 
combined with Tenv data from 16 weather stations of the Hellenic National 
Meteorological Service covering the entire land area of Greece. Both 
datasets covered the period between 1/1/2010 to 31/12/2010. The VA 
were analysed as total and as light (no hospitalisation), serious (≥1 
hospitalised individual), and deadly. RESULTS A total of 15191 VA 
(41.6±8.5/day) were reported of which 12456 were light (34.1±7.7/day), 
1454 were serious (4.0±2.4/day), and 1281 were deadly (3.5±2.8/day). 
Tenv correlated with VA at r=0.32 (P<0.001). Receiver operating 
characteristics curve analysis with specificity set at 0.7 to minimize false 
positive rate revealed statistically significant cutoffs of 17.6°C for total VA, 
20.2°C for light VA, 19.0°C for serious VA, and 20.1°C for deadly VA 
(P<0.05). CONCLUSION Our findings indicate a significant link between 
Tenv and VA. The devised Tenv cutoffs can be used to limit future VA rates. 

SUBJECTIVE AND OBJECTIVE EVALUATION  
OF OCCUPATIONAL RISKS 

ZOFIA PAWŁOWSKA 

INTRODUCTION Occupational risks can be evaluated using objective as 
well as subjective methods. Objective methods are usually based on 
measurements of harmful factors in working environment and subjective 
methods on workers’ opinions on occupational exposure. The pilot study 
has been performed with the aim to compare objective and subjective 
evaluations of occupational risks at workplaces. METHODS The 
questionnaire survey has been carried out in the group of 100 workers 
with the aim to evaluate occupational risks at workplaces. For the chosen 
risk factors the subjective and objective (based on measurements) 
evaluations of risks have been compared. The factors influencing 
differences in evaluations have been identified in direct interviews with 
workers and managers. RESULTS The results of the pilot study (which 
will be available in June) will allow to identify, among others: harmful 
factors in working environment for which the differences in subjective and 
objective evaluations are significant, and factors influencing differences in 
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subjective and objective evaluations. CONCLUSION The subjective 
evaluations of occupational risks are important element of monitoring 
working environment. Differences in subjective and objective evaluations 
should be analyzed in order to improve occupational risks assessments at 
workplaces as well as informing on occupational risks. 

DO THE AMERICAN CONFERENCE OF GOVERNMENT INDUSTRIAL 
HYGIENIST THRESHOLD LIMIT VALUES PROVIDE ADEQUATE PROTECTION 
DURING WORK IN THE HEAT 

JILL STAPLETON, STEPHEN HARDCASTLE & GLEN KENNY 

INTRODUCTION The American Conference of Governmental Industrial 
Hygienist (ACGIH) Threshold Limit Values (TLVs) provided in terms of 
WBGT values is widely as a heat stress screening criteria.  However, it is 
unclear if an environmental ‘standard’ provides satisfactory protection to 
the worker. We evaluated the level of thermal strain using the ACGIH 
TLV’s work/recovery cycles for increasing levels of WBGT.  METHODS 
Nine participants performed 4 moderate intensity exercise trials (T) based 
on the ACGIH TLV defined work-rest regimen provided in terms of WBGT 
values (in ºC): 1) 120-min continuous cycling at 28ºC (T1), 2) 6x15-min 
cycling and 5-min rest 29ºC (T2), 3) 4x15-min cycling and 15-min rest at 
31ºC (T3), 4) 2x15-min cycling and 45-min rest at 31.5ºC (T4). A sub-set 
completed three additional trials: 120-min of continuous cycling at 29ºC, 
31ºC and 31.5ºC (T5-T7). Rectal temperature (Tre) was measured 
continuously. RESULTS Rectal temperature did not exceed 38.0ºC (T1: 
37.91±0.14ºC; T2: 37.78±0.11ºC; T3: 37.62±0.06ºC; T4: 
37.54±0.09ºC) for the ACGIH TLV defined work exposure limits.  In 
contrast, rectal temperature exceeded the ACGIH core temperature limit 
of 38.0 ºC when work was performed continuously (T5: 38.13±0.14ºC; 
T6: 38.14±0.16ºC; T7: 38.68±0.25ºC). CONCLUSION The ACGIH TLV’s 
defined work exposure limit does adequately mitigate the level of thermal 
strain for increasing levels of WBGT. 

AN EPIDEMIOLOGY OF WORK-RELATED INJURIES TO AUSTRALIAN 
FIREFIGHTERS (1998-2007) 

NIGEL TAYLOR & ELIZABETH TAYLOR 

We present a retrospective evaluation of injuries to Australian firefighters 
(1998-2007). These data cover 6,973 injuries, with 697 firefighters 
sustaining an injury each year. On average, 170.5 injuries occurred per 
1,000 full-time firefighters annually. Within the organisation studied, 37% 
of firefighters were 40-50-years old, and these individuals accounted for 
38.4% of all injuries. However, those <30 years were under represented; 
9.3% of all firefighters suffered 2.4% of injuries. Conversely, 50-60-year-
olds (20.9%) accounted for 29.3% of injuries. The mean injury rate was 
17.1%, but that for males >40 years this was 21.6% (40-50 years = 
17.6%, 50-60 years = 23.9%, 60-70 years = 77.1%, >70 years = 
40.1%). Therefore, if the injury rate of the 30-40-year-old males (11.7%) 
could be retained as firefighters aged, 237 fewer injuries would occur each 
year within males >40-years old. Such firefighters represented 61% of 
the workforce, but suffered 75% of the sprain and strain injuries, and 
accounted for approximately 90% of the lost work time and Workers’ 
Compensation costs. It is concluded that structured health, fitness and 
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rehabilitation programmes that target older male firefighters, but 
emphasising job-related fitness, may reduce and minimise the excess 
injuries presently occurring within older Australian firefighters. 

WORKING ENVIRONMENT AND ERGONOMIC ANALYSIS IN APPAREL 
INDUSTRY: A FIELD STUDY BULGARIA 

SONYA VACHINSKA  

Repetitive manual work is not preferred by any of the employees. Good 
working conditions and comfort at work are part of requirements for 
decreasing employee fluctuation. During the last ten years the number of 
the employees in the Bulgarian apparel industry has doubled. The purpose 
of this study was to analyze the working environment and the ergonomic 
level of clothing enterprises. Our research hypothesis was that many 
people relinquish their job because of the bad working environment and 
the lack of comfort at work. The expert method of assessment and 
differential analysis of the results were applied. The research covered 
fifteen enterprises from different economic areas of the country. Experts 
filled in specially developed questionnaire containing questions and 
possible answers. A five-level linear scale was applied: 1, 2, 3, 4, 5 (bad, 
satisfactory, good, very good, excellent). The questions were grouped into 
four sections – A, B, C and D. Each group contained 29 questions on 
average in which assessment indicators were included. Experts gave 
assessment to each indicator. The final arithmetic average assessment 
was 3.69±0.20, which stands for a very good level. Therefore our 
hypothesis proved to be wrong. There was some other reason for the 
employee fluctuation. In conclusion enterprises obtained a list of 
recommendations and suggestions for improving the working environment 
and good working practices.  

MITIGATION OF ROTARY-WING AIRCREW HEAT STRAIN  

AS WELLER, KPM PUXLEY & NC WILLIAMS 

INTRODUCTION Heat strain is a threat to the effectiveness of rotary-
wing (RW) aircrew undertaking hot-weather military operations. A recent 
laboratory evaluation found that core temperature exceeded 38 °C at a 
wet-bulb-globe temperature (WBGT) of ~28 °C. The aim of this study was 
to evaluate the cooling effectiveness of a ventilated (ambient) air vest at 
this WBGT. METHODS Eight men undertook a 170-minute heat test in a 
thermal chamber (45.5 °C; RH, 7 %) wearing a representative summer 
aircrew equipment assembly (AEA) on four occasions. On two occasions, 
the exercise protocol simulated the physical activity of front crew (FCS), 
and on the other two, that of rear crew (RCS). The AEA was worn with 
(Cooling) and without an air vest (Control). Physiological and subjective 
indicators of heat strain were measured. RESULTS In Control, mean 
rectal temperature increased beyond 38 °C, whereas in Cooling, rectal 
temperature and heart rate were significantly reduced, and it was 
estimated that exposure duration could be safely extended to ~5 hours. 
The air vest significantly reduced heat sensation and improved thermal 
discomfort. CONCLUSION Heat strain is likely in RW aircrew exposed to a 
WBGT of 28 °C, but this may be effectively mitigated using a ventilated 
(ambient) air vest. 
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EFFECTS OF SELECTED LEG REGION FOR HEATING ON THERMAL 
COMFORT IN VEHICLES 
KOTARO YANAGI, YUTAKA TOCHIHARA, SHOKO YASUDA, ALEXIS RAYNIER & 
HAJIME OI 

A problem with current air conditioning systems in hybrid or electrical 
vehicles is that consume electricity to maintain passengers’ thermal 
comfort. To improve mileage we focused on local heating for the legs, and 
investigated the most effective site for heating. Nine healthy male 
participants participated in tests under total 9 conditions as follow. After 
30 minutes of stabilization in the pre-room (25°C, 50%RH), they moved 
to a climatic chamber (10°C, 50%RH) and sat on a car seat for 30 
minutes with heating at 4 different sites of the legs (front of thighs, front 
of lower legs, back of lower legs and feet) at high or low heating 
temperature conditions, and without heating as a control. Skin 
temperatures, whole body and local thermal sensation and thermal 
comfort were measured. There was no significant difference in the whole 
thermal sensation and thermal comfort between each condition at both 
high and low temperatures. It was shown that the leg thermal sensation 
and thermal comfort while heating the front of the lower leg at high 
temperature were higher than for other sites. It was suggested that local 
heating on the front of the lower legs is effective at warming the legs. 

MACROERGONOMICS ANALYSES OF INDUSTRIAL UNIT OPERATIONS 
FACTORY  
HOSSEIN ALI YOUSEFI RIZI,  
INTRODUCTION Macroergonomics is a top down socio-technical systems 
approach to the design of work systems and the sub-discipline of 
ergonomics that focuses on the design of the overall work system. A work 
system consists of personnel subsystem, technological subsystem, 
internal environment, organization and management; and external 
environment. METHODS Samples were managers and foramens at one of 
Isfahan industrial unit operations. The data gathered by questionnaires. 
Six mode of section scale to measure were including physical agents, 
ergonomic factors, organizational structure, work stress, personnel task, 
and educational instructions. RESULTS The findings showed that the 
score of macroergonomics section was in forging, foundry, casting and 
physical agents 21 %, in ergonomic factors 26%, in organizational 
structure 14%, in work stress 45%, in personnel task 44% and in 
educational instructions 27%. Macro ergonomic mean score in 32% were 
at suitable design of the overall work system. CONCLUSION We conclude 
that industrial unit operations were not at suitable design to ensure 
harmonization of the entire work system with the macroergonomics. Carry 
through of the overall work system characteristics to the micro-ergonomic 
design of human interface with job, machine, and software. 

OCCUPATIONAL APPLICATIONS II 

AN ERGONOMIC METHOD FOR WMSDS PREVENTION 

CHI-YUANG YU, CHIHYONG CHEN & CHIEN-WEI LIU  

The objective of this paper is to demonstrate an ergonomic intervention 
technique for preventing work-related musculoskeletal disorders (WMSD). 
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WMSD is a serious occupational safety and hygiene problem in industrial 
countries. It is generally agreed that the most important risk factors of 
WMSDs are awkward working posture, over-exertion, high repetition, 
tissue compression, and vibration. An ergonomical intervention technique 
for WMSD prevention is to identify risk factors in a workplace, and to seek 
design improvement to eliminate or reduce these risk factors. This 
technique consists of a checking-typed process chart and 3 diagrammatic 
standard operation procedures (SOP). A driver’s seat final assembly 
workplace was used to demonstrate that ergonomic intervention can be 
achieved logically, step by step by following these chart and work sheets. 
To date, this technique has been used to counsel 250 factories, more than 
1000 workplaces. Results of these workplace improvements are highly 
recognized: after intervention, the lumbar compression force reduces 
about 20%-73%, complains of pain and discomforts of workers drops, and 
work performance increases significantly. Moreover, the cost of 
intervention is generally low, and the majority is generally less than 2000 
US dollars. 

QUALITY ASSESSMENT INDEX (QAI) BASED ON ROOM CRITERION (RC) 
FOR BUILDING HVAC NOISE POLLUTION EVALUATION 

FARHAD FOROUHARMAJD & MOHAMMAD HADIAN 

INTRODUCTION Noise may be defined as any unwanted sound. Sound 
becomes noise when it is too loud, unexpected, uncontrolled, happens at 
the wrong time, contains unwanted pure tones or unpleasant. It is 
annoying, and causes hearing loss, sleep disorders, increased heart and 
breath rate. METHODS The room criterion (RC) method is defined by 
ANSI standard S12.2, which is based on measured background levels of 
HVAC noise in a building over the frequency range 16 Hz to 4000 Hz. This 
rating system requires determination of the mid-frequency average level 
and determining the perceived balance between high and low frequency 
sound. RESULTS The arithmetic average of the sound levels in the 500, 
1000, and 2000 Hz octave bands is 44.6 dB, so the RC 45 curve is 
selected as the reference for spectrum quality evaluation. The spectral 
deviation factors in the LF, MF, and HF regions give a QAI of 9.8. 
DISCUSSION However, the quality assessment index (QAI) is useful in 
estimating an occupant’s probable reaction when the system design does 
not produce optimum sound quality. A QAI between 5 and 10 dB 
represents a marginal situation in which acceptance by an occupant is 
questionable. 

SELF-PERCEIVED  ABSENTEEISM,  STRESS,  AND ENVIRONMENT,  
AMONG  EMPLOYEES  OF  THE  SLOVENIAN WOOD  INDUSTRY  

MITJA GERŽEVIČ, NINA MOHORKO, SAŠA PIŠOT, PETRA DOLENC & 
CORNELIS BOGERD 

INTRODUCTION Absenteeism among employees of the Slovenian wood 
industry is considered being relatively high. This paper presents a 
selection of results from an extensive survey. The focus of the results 
presented here is on descriptive statistics of absenteeism, stress, and 
environment. Statistical tests were used in order to gain an initial 
understanding of the differences among production workers, middle 
management, and top management. METHODS 930 participants (61.4% 
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males, and 38.6% females), employed at one out of seven Slovenian 
wood factories filled out a questionnaire. The questionnaire covered 
absenteeism, stress, and environmental factors. A differentiation was 
made in the results among wood production workers, middle 
management, and top management. RESULTS Absenteeism was the 
highest among wood production workers. Reasons given for absenteeism 
were respiratory diseases, muscular- skeletal diseases, and care for a 
family member. Interestingly, the workplaces were perceived as too 
humid, too dusty as well as exposing the workers to chemicals. These 
physical environmental parameters might be related to respiratory 
complains. CONCLUSIONS The present results provide an initial 
understanding of the large variety of factors related to work absenteeism 
in the Slovenian wood industry. These results will provide a basis for 
interventions aimed at improving the working conditions of employees in 
the wood industry. 

EVALUATION OF HEAT STRESS IN PORTUGUESE INDUSTRIAL UNITS 

A. VIRGÍLIO, M. OLIVEIRA, ADÉLIO R. GASPAR, DIVO A. QUINTELA 

INTRODUCTION The characterization of working conditions associated 
with the exposure to heat was the main objective of the present work. The 
field measurements took place in twenty-three workplaces of twelve 
companies from eight different industrial sectors. METHODS For the 
assessment of the thermal stress, the methodologies based on the WBGT 
and SR indices proposed by ISO 7243 and 7933 have been adopted. The 
WBGT evaluation criterion is based upon hourly averages, thus leading to 
an average estimate of the heat stress. The SR index is recommended for 
extreme heat exposures. RESULTS The glass, ceramic and foundry 
industries have shown the most severe working conditions. In these 
industries, several activities have been detected with people working 
under heat stress. The glass industry and one of the ceramics present 
maximum values of WBGT above 45 °C. The three situations with the 
higher WBGT values were also analyzed with the SR index. Two 
workplaces show an excessive increase in core temperature and the other 
an excessive water loss. CONCLUSION The results demonstrate the 
existence of extreme thermal environments and allowed a first description 
of the Portuguese reality. Several workplaces require improvements from 
an occupational safety and health point of view.  
REFERENCES 
ISO 7243 (1989). Hot Environments - Estimation of the Heat Stress on 
Working Man, Based on the WBGT - index (Wet bulb globe temperature). 
International Standard, Second Edition, International Organisation for 
Standardisation, Genève.  
ISO 7933 (1989). Hot Environments - Analytical Determination and 
Interpretation of Thermal Stress Using Calculation of Required Sweat 
Rate. International Standard, First Edition, International Organisation for 
Standardisation, Genève.  

WORK-RELATED SICK ABCENCE RATES AND THEIR ECONOMIC 
CONSEQUENCES 

MAŁGORZATA PĘCIŁŁO  

INTRODUCTION Most of researchers agree that work conditions, 
including psychosocial ones, are inconsistently associated with sickness 
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absence rates. In EU, in 2007, 5.3% of employees suffered from health 
problems related to work and 62% of them stayed on sick leave. 
According to the Polish Statistical Office every forth employee suffers from 
work – related health problems. The socio-economic costs of workplace 
absence account for 2%-3% of total GDP. METHODS The aim of the 
project is to investigate associations between sickness absence and 
working conditions at individual and workplace levels. To do so two types 
of questionnaires were developed: one for individual workers and another 
for HR and OSH departments. They allow collecting both objective and 
subjective information on sick absence and working conditions as well as 
information on employees’ well-being and job satisfaction. The study 
includes 250 blue- and 100 white-collars. RESULTS Preliminary results 
will be available by the end of June. They will allow determining what 
percentage of sick absence is caused by working conditions and what its 
economic consequences are for Polish employers. CONCLUSION The 
findings will help the employers to understand what working conditions 
influence sick absence and what measures should be taken to reduce it. 

A SURVEY ON PERSONAL PROTECTIVE EQUIPMENT AND WEARER 
MOBILITY OF JAPANESE FIREFIGHTERS 

SU-YOUNG SON, JOO-YOUNG LEE & YUTAKA TOCHIHARA  

As they encounter unpredictable disasters, the operations of firefighters 
become more diverse. It is necessary to assess current firefighters’ 
personal protective equipment (PPE) in terms of safety and wearer 
mobility. The purpose of the present survey was to assess wearer mobility 
and satisfaction with PPE of Japanese firefighters. A survey from two cities 
in Japan (Aluminized PPE in City A; Standard PPE in City B) was 
undertaken to identify features of concerns of PPE and wearer mobility. A 
total of 1,282 professional firefighters participated in the survey (525 City 
A- and 757 City B-firefighters). The questionnaire consisted of four 
sections on the following items: 1) general information, 2) actual 
firefighting, 3) satisfaction /dissatisfaction with PPE, and 4) requests for 
the improvement of PPE. Our results showed that the most frequent body 
region for muscle fatigue was the waist for both City A- and City B-
firefighters (p<0.05). The toughest task that caused muscle fatigue and 
physical strain was ‘stair climbing’, followed by ‘drawing up a hose filled 
with water’, and ‘carrying a heavy object/person’. The most restricted 
body region due to the PPE was the knee. 77% of respondents proposed 
special coutermeasures for improving their wearer mobility while 
firefighting. 

AN EASY-TO-FOLLOW ERGONOMIC METHOD IN WMSDS PREVENTION 
WITH A CASE STUDY IN CHEMICAL COMPANY 

HSIN-HUNG TU & YI-TSONG PAN 

Work-related musculoskeletal disorders (WMSDs) are a serious 
occupational safety and hygiene problem in industrial countries, and are 
usually against both the labor and the capital. Therefore, it must be 
decreased or eliminated. Five most-common-agreed major factors 
recognized include over-exertion, repetitive motion, vibration, unfavorable 
temperature, and awkward working posture. To decrease or eliminate 
these five factors, a lot of efforts had been done by the Institute of 
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Occupational Safety and Health, Taiwan. The purpose of this study is to 
demonstrate an easy-to-follow ergonomic method for WMSDs prevention 
via the improvement of three workplaces in a chemical company. Three 
elements were consisted in this method, including a quick reference for 
working posture and workplace design, an evaluation tool for working 
posture, and a self-evaluation tool for worker’s subjective feeling. 
Improvement on three workplaces in a chemical company was included as 
cases. The results showed that this method is easy to follow and effective 
to improve the workplaces. This method could also be applied to improve 
workplaces in other companies by referring the categories of the tasks. 

WORKERS HEALTH IN A NOISY WORKPLACE 

HOSSEIN ALI YOUSEFI 

INTRODUCTION Chronic exposure to Noise in the workplace, as 
ergonomic stressors can be associated with harmful effects to physical 
and mental health of workers, associated symptoms such as Blood 
pressure, depression and anxiety. METHODS To investigate the effect of 
industrial noise levels among workers. Noise level measured by means of 
sound level meter based on the ISO method. The symptoms measured 
during physical examinations of employees, and use of mental health 
inventory. Results The results have shown noise level was 88(± 3) dB (A) 
and more than ACGIH standard. Noise level was significantly associated 
with Systolic blood pressure (p<0.05). There was a significant correlation 
between noise and anxiety, but weaker by depression. CONCLUSION 
Working in noisy environment contributes to high blood pressure anxiety, 
and depression that, in turn, can cause heart disease or stroke especially 
in sensitive workers. The workers must be encouraged to cooperate in 
control measure to prevent the adverse health effects of noise 

FUNCTIONAL MODELS OF TEMPERATURE REGULATION  

EVALUATION OF FUNCTIONAL MODELS OF HUMAN TEMPERATURE 
REGULATION  

ORGANIZER: JÜRGEN WERNER 

The main purpose for planning such a special symposium was to inform 
potential users of functional models about the properties, the availability, 
the applicability, the validity, the possibilities and the limitations of 
functional models of the human thermoregulatory system. Focus should 
be laid on elaborating and evaluating the difference between the various 
developments and on their validity and applicability. 
The introductory lecture by the organizer will lay the fundament of 
understanding the essence of thermoregulatory models, as well as the 
necessary steps, aims and limitations of modelling. Based on this, a 
contribution by Gene Wissler will, using his abundant experience with 
various of his thermal models, emphasize the necessity to add more 
physiological knowledge, particularly when modelling the active regulatory 
subsystems. Avraham Shitzer will focus on models to evaluate thermal 
and vascular processes in the extremities, and Dusan Fiala will present 
whole body models for technical and clinical applications. 
Modelling is a simplified mathematical or physical representation of the 
complex reality. You may create mathematical models (computer 
simulations) or physical models (manikins). Mathematical models may be 
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either descriptive or functional. Descriptive models describe an 
experimentally gained relationship between variables by a mathematical 
formulation, which mostly is obtained by regression analysis. Functional 
models are based on the formulation of the mathematical equations which 
govern the physical / physiological processes, and subsequently on the 
solution of these equations. As such, a functional model excels with wider 
general validity and predictive properties. 
Functional modelling helps 
-  to find the common basis / reasons for a huge number of experimental    
findings and to summarize the body of knowledge 
- to understand basic functional principles of  thermoregulation 
- to predict physiological and patho-physiological states and phases, 
particularly under extreme conditions. 
You need a computer, basic mathematical and computer knowledge and 
advanced physiological knowledge. 

SEVEN STEPS TO STEADY-STATE, TO DYNAMIC, TO DISTRIBUTED AND 
MULTI-EFFECTOR MODELS OF HUMAN TEMPERATURE REGULATION 

JÜRGEN WERNER 

Functional models are based on the formulation of the mathematical 
equations which govern the physical / physiological processes, and 
subsequently on the solution of these equations. As such, a functional 
model excels with wider general validity and predictive properties than 
descriptive models. Functional modelling helps: a) to find the common 
basis/reasons for a huge number of experimental findings and to 
summarize the body of knowledge b) to understand basic functional 
principles of thermoregulation c) to predict physiological and patho-
physiological states and phases, particularly under extreme conditions. 
Generally, seven steps have to be followed: 1. Definition of a specific aim 
or problem to be solved. 2. Equations corresponding to the complexity of 
the model. 3. Physically / physiologically based parameters. 4. Solutions 
of the equations by adequate tools. 5. Validation of the model. 6. 
Documentation of the model. 7. Documentation of the results of the 
model. In order to get deeper insight into the system of temperature 
regulation, it is necessary to create models, whose variables and 
parameters are dependent on time (dynamic models) and on the local 
coordinate (distributed models) with multiple effectors. 

MINING PHYSIOLOGICAL LITERATURE TO IMPROVE HUMAN THERMAL 
MODELS 

EUGENE WISSLER  

INTRODUCTION The ability of whole-body human thermal models to 
describe human behaviour has increased greatly since (Burton 1934) 
discussed the applicability of physical heat transfer theory to living 
organisms.  The evolution of human thermal models has been closely tied 
to the development of digital computers.  Pennes classic paper (Pennes 
1948) on heat transfer between circulating blood and adjacent tissue 
defined the temperature profile in the human forearm in terms of Bessel 
functions, and numerical values were computed with a desk calculator.  
That was also true of Wissler’s first steady-state multi-element model 
(Wissler 1961).  Today inexpensive laptop computers have more memory 
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and compute faster than the large central computers available in 1980. 
 Engineers enjoy solving the heat conduction equation to compute 
transient-state temperatures.  Two models developed by Dr. Fiala and the 
author are quite similar in that both represent the human geometrically as 
a set of cylindrical elements, and both use finite-difference techniques to 
compute temperatures.  Several highly proprietary models employ finite-
element techniques that allow more detailed representation of human 
geometry, but very little has been published about those models. 
METHODS There are basically two different ways to define appropriate 
control functions for local blood flow rates, regional sweat rates, and 
regional shivering metabolic rates.  One way is to develop control 
functions based on published physiological data, and the other is to 
choose arbitrary parameters in a reasonably defined control function so 
that good agreement is obtained between computed and measured 
temperatures.  For example, the author (Wissler 2008) used the first 
approach to define a control function for skin blood flow.  However, there 
is no alternative to using the second approach to define a control function 
for thermally mediated vasoconstriction in inactive muscle, because there 
are essentially no experimental data.  Likewise, the second approach must 
be used to define parameters for counter-current heat transfer between 
arteries and veins. DISCUSSION The principal purpose of this paper is to 
discuss several interesting factors that have emerged from the author’s 
attempt to incorporate the results of physiological studies into a human 
thermal model.  The following factors will be discussed. (1) How do you 
define the subcutaneous fat thickness on various regions of the body?  (2) 
How do physiological control functions vary with gender and age?  (3) 
How do you compute temperatures that correspond to temperatures 
measure in the rectum, oesophagus, and auditory meatus? (4) Is blood 
flow to muscle temperature dependent? (5) Are correlations for shivering 
metabolism based on immersion in cold water applicable to the milder 
conditions of exposure to cold air? and (6) How is shivering metabolism 
affected by voluntary exercise? 
REFERENCES 
1. Burton, A. C. (1934).  The application of the theory of heat flow to the 
study of energy metabolism. J. Nutrition, 7: 497-533. 
2. Pennes, H. H. (1948). Analysis of tissue and arterial blood temperature 
in the resting human forearm. J. Appl. Physiol., 1: 93-122. 
3. Wissler, E. H. (1961).  Steady-state temperature distribution in man, J. 
Appl. Physiol., 16: 734-740.  
4. Wissler, E. H. (2008). A quantitative assessment of skin blood flow in 
humans. Eur. J. Appl. Physiol., 104: 145-157. 

MODELS TO EVALUATE THERMAL AND VASCULAR PROCESSES IN 
EXTREMITIES 

AVRAHAM SHITZER 

The extremities, as perceived from a thermal viewpoint, form essential 
components of the thermoregulatory system. In this regard they may be 
categorized as heat-exchange enhancing or diminishing elements. This is 
predicated on their combined large surface areas exceeding 50% of the 
body's total, and is facilitated by the adjustment of the blood flow rate 
through them and/or by shunting warm blood from the peripheral to the 
deeper situated blood vessels. Three transient thermal models of the 
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extremities were developed: 1. Longitudinal cylindrical model of a 
thermally insulated extremity, which facilitates the estimation of 
endurance times under cold exposures. 2. Semi-spherical lumped-
parameter model of an extremity tip demonstrating the phenomenon of 
cold induced vasodilatation (CIVD), including experimental validation of 
blood perfusion and associated temperature variations. 3. Longitudinal 
and radial numerical model of an extremity containing two distance-
adjustable heat exchanging artery-vein pair and quantification of the 
effect of heat conservation. Details of the formulation and derivation of 
these models and their main results would be outlined. The role that blood 
perfusion and its control play in the overall heat balance of the extremity 
would be explained. Special emphasis would be placed on the CIVD 
phenomenon and its effects. 

MODELS FOR ENGINEERING APPLICATIONS 

D. FIALA, G. HAVENITH, P. BRÖDE, H.A.M. DAANEN, P.C. CROPPER & M.J. 
COOK 

Over several decades mathematical models have been valuable tools in 
the hands of their authors contributing to a deeper understanding of the 
principles of human thermoregulation. In recent years, there has also 
been growing interest and need from research and industry for reliable 
models predicting human thermal and perceptual behaviours under 
complex, real-life situations. Coupled with numerical simulation of 
conjugate heat and mass transfer or with physical simulation models, 
mathematical models of human temperature regulation enable detailed, 
computer-aided analysis of human heat transfer problems. In recent 
years, various coupled simulation systems have thus been developed for 
industrial, clinical and research applications. The Fiala thermal Physiology 
and Comfort (FPC) model has formed a basis for a number of these 
endeavours. This multi-segmental model predicts human temperature, 
regulatory and sensation responses to complex non-uniform transient 
conditions and facilitates coupling with other numerical and physical 
simulation systems. Latest model developments consider personal 
variations in human anthropometry, body composition, acclimatisation 
and fitness levels. In this contribution an overview of the current 
modelling endeavours is provided. The examples are drawn from different 
fields. The related validation work, comparisons with other models and 
experimental observations are quantified and discussed.  

INDEXES AND MANIKINS 

ASSESSMENT OF URBAN OUTDOOR THERMAL COMFORT BY THE 
UNIVERSAL THERMAL CLIMATE INDEX UTCI  

PETER BRÖDE, EDUARDO KRÜGER & FRANCINE ROSSI 

INTRODUCTION For assessing the outdoor thermal environment the 
Universal Thermal Climate Index UTCI summarizes the combined influence 
of air temperature, wind, humidity and radiation on human physiology by 
an equivalent temperature scale. Its applicability to the assessment of 
urban thermal comfort was tested using data from a survey on 
pedestrians in Curitiba, South Brazil. METHODS 1685 interviewees were 
classified into three ordered categories of thermal comfort (‘cold 
discomfort’, ‘comfortable/neutral’, ‘warm discomfort’) based on their votes 
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on thermal sensation and affective evaluation. UTCI values were 
calculated from the concomitantly measured climate data. Predicted 
probabilities for the thermal comfort categories with UTCI as explanatory 
variable were determined by ordinal logistic regression. RESULTS The 
regression model’s goodness-of-fit was reasonable with a highly 
significant effect of UTCI predicting higher probabilities of cold discomfort 
for decreasing UTCI values as well as higher probabilities of warm 
discomfort with increasing UTCI. In the ‘Thermal Comfort Zone’ defined by 
UTCI values from 18 to 26 °C the probability for comfortable or neutral 
sensations was about 80%, and the probabilities for both cold and warm 
discomfort stayed below 20%. CONCLUSION The results suggest that 
UTCI may provide for useful predictions of outdoor thermal comfort in 
sub-tropical urban areas with the UTCI interval termed ‘Thermal Comfort 
Zone’ as suitable reference category in thermal comfort analyses. 

ASSESSING HUMAN PHYSIOLOGICAL HEAT STRAIN BY CLIMATIC INDICES 
OF DIFFERENT COMPLEXITY 

BERNHARD KAMPMANN, PETER BRÖDE & DUSAN FIALA 

INTRODUCTION Human physiological strain in hot climates usually is 
assessed by means of climatic indices of different complexity as the Wet-
Bulb-Globe-Temperature (WBGT) or the “Predicted Heat Strain” (PHS) 
based on a two-node-model (core-shell) of thermoregulation. Recent 
developments use complex models of thermoregulation with several 
hundred nodes: an example is the Fiala model, which is the basis of the 
Universal Thermal Climate Index (UTCI). METHODS The validity of such 
different approaches is assessed here by comparing the predictions of 
models with averaged values of data during the third hour of exposure in 
106 laboratory experiments with acclimated persons at different air 
temperatures and humidities and with three levels of clothing insulation 
(0.1, 0.7 and 1.0 clo). RESULTS Sweat rates from PHS agreed very well 
with the physiological equivalence lines whereas the UTCI-Fiala model also 
performed well but with somewhat higher deviations especially in the 
semi-nude condition. CONCUSIONS Compared with physiological 
equivalence lines PHS underestimated rectal temperature by about 0.2 °C 
for the semi-nude condition, but performed reasonably for clothed persons 
and in humid conditions with high strain. The more complex UTCI-Fiala 
model consistently provided unbiased predictions in all settings and 
appears favorable also for low strain and comfort conditions. WBGT 
overestimated rectal temperature by 0.4 to 0.5 °C, thus confirming the 
rather preventive heat stress assessment by WBGT. 

A 38-ZONE THERMAL MANIKIN WITH PHYSIOLOGICAL CONTROL: 
VALIDATION FOR SIMULATING THERMAL RESPONSE OF THE BODY FOR 
SPORTS EXERCISE IN COLD AND HOT ENVIRONMENT  

BERNARD REDORTIER & THOMAS VOELCKER 

INTRODUCTION Thermal manikins with physiological control (real-time 
computation of sweating, skin and core temperature) are now emerging. 
However sports exercise is challenging for such systems, both for the 
physiological model and the manikin (limited realism of skin, sweating, 
body movements, clothing fit). In this contribution, a multi-segment 
physiological model is implemented, adapted and validated for sports 
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exercise. METHODS The implementation itself of the model (Xu-Werner 
1997) on a 38 zones thermal manikin has already been described 
(Redortier 2010). Validation is operated against four experiments 
involving human subjects: 10 males exercising in the cold (running 
10km/h, 10°C nude, 5°C+wind dressed) and in the hot (25°C 30%RH, 
walking, running). Rectal temperature, skin temperatures (8 sites), sweat 
loss were measured. RESULTS Initial results show significant discrepancy 
between manikin and human subjects. Improvements are implemented on 
the manikin and the model through: a) Thin and highly diffusive skin b) 
Local distribution of manikin sweat according to sweat map of athlete 
runners (Smith 2009) c) Tuning of Xu-Werner model for sweating and 
blood flow. CONCLUSION Our manikin can simulate realistically running 
in hot and cold conditions. The initial discrepancy observed illustrates the 
need for ensuring such systems operate correctly over their range of 
application.  

CONCEPT OF EQUIVALENT WET BULB GLOBE TEMPERATURE INDEX  

TOMONORI SAKOI & TOHRU MOCHIDA  

The wet bulb globe temperature (WBGT) index indicates the risk of heat 
disorders clearly only for the standard condition, according to which 
human beings are in summer work uniforms and the air is calm. To apply 
the WBGT to other conditions, some adjustments are required. In this 
study, we propose the concept of the equivalent wet bulb globe 
temperature (WBGT*) that enables us to compare the risk of heat 
disorders in various conditions to that in the standard condition.  
The thermophysiological meaning of the WBGT under the standard 
condition was clarified in our previous study. The WBGT is closely related 
to heat storage (S) within environments that we usually experience. 
Therefore, we estimated S for an evaluation condition. Using S, the 
WBGT* could be used to convert the heat risk under that condition to that 
under the standard condition. Our WBGT* shows good correspondence 
with the WBGT in the standard condition. However, humidity tends to 
have a greater impact on the WBGT* than the WBGT in a humid 
environment. The opposite is true for a dry environment. The concept of 
the WBGT* is explained using the heat balance equation 

A STUDY OF HEAT AND MOISTURE TRANSPORT ON THE HUMAN BODY-
CLOTHING-ENVIRONMENT SYSTEM BY USING A THERMAL MANIKIN  

YANG-CHENG SHIH, LI-CHU WANG & YUN-CHI CHANG 

Heat and moisture transport within fabrics have close relation with 
thermal comfort of the human body. To investigate transient thermal 
response of the human body caused by the wicking and cooling effects of 
fabrics, this study adopted a single-sector thermophysiological human 
simulator (THS) developed by EMPA in Switzerland to simulate three 
typical stages of human body activities. During the first hour, THS was at 
resting status without sweating. Then, it simulated exercising condition 
with sweating at the second hour. At the last one hour, it restored to the 
resting status without sweating. Two polyester knitted fabrics with 
different yarn structure were selected to evaluate their moisture 
management performance. The experimental results showed that the 
fabric with better moisture management performance can cool the skin 
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and microclimate temperatures during the exercising period more 
effectively than the other one with poorer moisture management 
performance. To fully understand heat and moisture transport within the 
human body-clothing-environment (HCE) system, a theoretical model 
based upon a two-node model was developed in this study. The developed 
model can simulate transient thermal response of the HCE system. Finally, 
the numerical results simulated by the developed model will be compared 
with those measured by THS. 

NUMERICAL SIMULATION STUDY ON THE HEAT LOSS FROM A THERMAL 
FOOT MANIKIN 

SORAIA NEVES, BRUNO GONCALVES, JOAO CAMPOS & TIAGO S. MAYOR 

INTRODUCTION The development of increasingly complex human 
thermal physiological and comfort models asks for anatomically detailed 
and zone-specific heat transfer coefficients. With that in mind, a 3D 
numerical simulation model was developed to study the fluid flow and the 
heat transfer phenomena around a multi-zone thermal foot manikin, 
during exposure to convective currents. METHODS The simulation model 
features heat transfer by conduction, natural and forced convection and 
radiation, as well as fully coupled fluid flow and heat transfer phenomena. 
The environmental conditions used in the simulations mimic those of 
standardised manikin testing (e.g. ISO 15831). The model was used to 
analyse the flow characteristics and to obtain detailed heat loss 
distributions maps at the foot surface. RESULTS/DISCUSSION The 
obtained numerical heat transfer coefficients compare favorably with data 
from experimental measurements with a multi-zone thermal foot manikin, 
as well as with the results obtained by other researchers (de Dear et al. 
1997). This lends support to the modelling decisions done (fluid flow 
model, boundary conditions, etc.) and indicates that similar approaches 
can be followed to study the heat loss from a foot (or other body zones) 
for other operating conditions (convection currents, temperature 
gradients, radiant environments, etc). 

MODELLING THERMAL RESPONSE  

LOCALIZED EVAPORATIVE RESISTANCE: CORRECTION FOR BODY AND 
AIR MOVEMENT 

FAMING WANG, LI-YEN LIN, MIGUEL RIBEIRO, SIMONA DEL FERRARO, 
TIAGO SOTTO MAYOR, VINCENZO MOLINARO, CHUANSI GAO, KALEV 
KUKLANE & INGVAR HOLMÉR 

Clothing evaporative resistance and thermal insulation are the two most 
important physical parameters for both clothing thermal comfort and 
prediction of a person’s body heat strain when working in hot 
environments. The evaporative resistance determines how much sweat 
could be escaped through one’s clothing to the surrounding environment. 
Previous work has been focused on either total evaporative resistance or 
total dynamic values resulted from posture, air and body movement. 
However, there is a lack of investigation to consider effects of air and 
body movement on localized evaporative resistance. Although ISO 9920 
has considered effects of body and air movement on clothing total 
evaporative resistance Re,T, the correction factor for Re,T,r (total 
resultant/dynamic evaporative resistance) was made based on the 
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reduction factor for IT,r (total resultant/dynamic thermal insulation). In 
addition, a total value cannot always fully reflect local evaporative transfer 
characteristics, for example, when considering inhomogeneous garments 
over the body. Therefore, we investigated localized dynamic evaporative 
resistance resulted from the air and body movement by manikin 
experiments. It was found that the body movement has more influence on 
the body extremity than on the torso. In contrast, the air velocity has 
much more influence on the torso than that from walking speed. Those 
findings are in good agreement with the results reported on dynamic 
clothing thermal insulation. By using correction factors developed for each 
local body segment, the local clothing moisture transfer property could be 
more clearly characterized 

THE PROCESS AND CHALLENGES OF SIMULATING HUMAN 
THERMOREGULATION WITHIN A 3D SOFTWARE TOOL 

TONY SCHWENN, ALLEN CURRAN & MARK HEPOKOSKI  

INTRODUCTION Human thermal modeling can be employed over a wide 
range of practical design and optimization areas, including architecture 
and vehicle compartment design, as well as garment design. Typically, the 
main objective is to predict human thermal response in order to optimize 
thermal comfort and/or meet safety requirements. By taking advantage of 
a design approach involving simulation, engineers can not only reduce 
project lead time but can also reduce human test subject dependency, 
thereby improving test repeatability. A process has been developed for 
accurately modeling human thermal response, while also addressing the 
challenges encountered in prescribing realistic boundary conditions. 
METHODS Accurate prediction of human thermal response requires a 
model that consists of the following: i) A geometric representation of the 
human with individual body segments; ii) A passive physiological 
representation including tissue thermal properties iii) An active 
thermoregulatory control system; and, iv) An environmental model. 
CONCLUSION A process has been developed for predicting human 
thermal comfort for use in thermal simulations of indoor and/or outdoor 
environments. The resulting thermal comfort model shows a good 
agreement with experimental results and can be used to characterize 
comfort in a wide variety of asymmetric and transient environments. 

IMPROVING THE ACCURACY OF PHYSIOLOGICAL RESPONSE IN 
SEGMENTAL MODELS OF HUMAN THERMOREGULATION 

MARK HEPOKOSKI, ALLEN CURRAN & DANIEL DUBIEL 

INTRODUCTION Segmental models of human thermoregulation share 
one common fundamental objective: The accurate prediction of the body’s 
core and skin temperatures. Improving the prediction of skin temperature 
will provide a more accurate prediction of physiological response (i.e. 
dilatation, constriction, shivering, and sweating), subsequently leading to 
more accurate core temperature prediction. METHODS Physiological 
models from the literature are often based on underlying physiological 
information that has been obtained either by making assumptions or by 
tedious trial and error procedures. These model development issues can 
produce poor agreement of segmental skin temperature with expected 
results. An implementation of the Fiala et al. model was expanded upon to 
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produce an improved human thermo-physiology model. RESULTS The 
core and local segment temperatures obtained from the new physiology 
model when simulating steady neutral, cool and warm environmental 
conditions are compared to the experimental data published in the 
literature and to the results obtained from a simulation that used the 
baseline physiological model. CONCLUSION An implementation of the 
Fiala et al. model was extended by adjusting the passive and active 
system parameters in order to provide better agreement with 
experimental results. The resulting model more accurately predicts skin 
and core temperatures for various environmental conditions. 

THERMAL SENSATION MODEL BASED ON NEUROPHYSIOLOGY OF 
THERMAL RECEPTION 

BORIS KINGMA, LISJE SCHELLEN, ARJAN FRIJNS  & WOUTER VAN 
MARKEN LICHTENBELT 

INTRODUCTION Thermal sensation dictates the satisfaction of the 
occupants with their environment. It has been suggested that 
understanding of thermal sensation may benefit from incorporating the 
physiology of thermal reception. The main issue is that humans do not 
sense temperature directly; the information is coded into neural fire rates. 
Here we developed a mathematical model of thermal sensation based on 
the neurophysiology of thermal reception. METHODS Experimental data 
from two independent studies were used to develop and validate the 
model. In both studies skin and core temperature were measured. 
Thermal sensation votes were asked on the 7-point scale. For the 
development dataset young adult males (n=12,0.04Clo) were exposed to 
transient conditions; Tair 30-20-35-30°C. For validation, young adult males 
(n=8,1.0Clo) were exposed to transient conditions; Tair: 17–25-17°C. 
RESULTS The neurophysiological model significantly predicted thermal 
sensation for the development dataset (r2=0.89,p<0.001). Only 
information from warm sensitive skin and core thermoreceptors was 
required. Validation revealed that the model predicted thermal sensation 
within acceptable range (root mean squared residual=0.38). 
CONCLUSION The neurophysiological model captured the dynamics of 
thermal sensation. Therefore, the neurophysiological model of thermal 
sensation can be of great value in the design of high performance 
buildings. 

DYNAMIC EVALUATION OF FIRE FIGHTERS THERMAL RESPONSES IN 
DIFFERENT ENSEMBLES USING MATHEMATICAL MODEL 

IRENA YERMAKOVA, KSENIA DUKCHNOVSKAYA, OLGA TROYNIKOV, 
NAZIA NAWAZ & ANASTASIA NIKOLAIENKO 

The primary function of the fire fighter’s clothing is to provide protection 
from fire and extreme hot environments; with the secondary purpose to 
provide high functionality to aid in the quick and effective performance of 
required tasks with the expense of minimal energy. The purpose of the 
present research is to evaluate the effect of different firefighters’ 
ensembles on human thermoregulatory responses during performance in 
hot humid environments using a developed mathematical model. Two fire-
fighters’ protective ensembles (Generation I and Generation IV) were 
used and consisted of Turnout Helmet, Turnout Jacket, Turnout 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 104 

Overtrousers, Turnout Boots and fire fighters gloves. Undergarments 
consisted of 100% cotton Single Jersey T-shirt and briefs. Helmet, boots, 
gloves and undergarments remained the same for both cases while the 
textile materials assembly of the Jacket and Overtrousers varied for 
Generation I and Generation IV ensembles. Computer model of human 
heat-exchange and thermoregulation was developed for multilayered 
protective clothing and is derived from the class of multicompartmental 
models realised for prediction of human thermoregulatory responses while 
wearing clothing during work in different environments. It was concluded 
that the Generation IV ensemble was expected to have less impact on 
human physiological condition during work, especially in hot humid 
environments. 

EVALUATION OF FLOOR HEATING ENVIRONMENT BY USING THERMAL 
PHYSIOLOGICAL AND PSYCHOLOGICAL PREDICTION COMPUTER 
PROGRAM 

SHINTARO YOKOYAMA, TAKASHI KUBO, MICHIYOSHI TAO, RYO KATO, 
TAKAFUMI MAEDA, MASASHI KURAMAE & YUMI HIRASAWA 

We have developed a computer program for the numerical analysis of 
thermal conditions of all segments and blood circulatory systems in the 
human body. The advantages of the present program were larger 
numbers of blood temperature variables and the controlling outputs of 
thermoregulation model expressing local characteristics as compared to 
the previous models. This paper describes several improvements of 
thermal physiological and psychological prediction program. Firstly, we 
performed three kinds of subject experiment to evaluate the 
comprehensive effect of floor heating environment on physiological and 
psychological responses. Secondly, we improved the present prediction 
program to apply evaluation of floor heating environment. In addition 
several numerical simulations of whole body temperatures and thermal 
psychological responses were performed with a new prediction computer 
program. The results suggested that our new prediction computer 
program would have high reliability. 

MANIKINS AND MODELLING  

A NOVEL MODEL TO PREDICT CUTANEOUS FINGER BLOOD FLOW  

ANDRES CARRILLO, STEPHEN CHEUNG & ANDREAS FLOURIS 

INTRODUCTION Our aim was to generate a model that predicts finger 
blood flow (BFf) through finger (Tf), rectal (Tre) temperature and their 
change across time (T-lag, in minutes), as well as to validate the model in 
another sample. METHODS Ten participants (6 male, 4 female; age: 
25.8±5.3 yrs; weight: 76.6±15.0 kg; percent body fat: 15.3±9.9 %) 
were randomly divided into ‘model’ and ‘validation’ (1 male, 1 female) 
groups. BFf, Tf, and Tre were measured during a heat-cold water 
immersion design. Participants’ core temperature increased and decreased 
by 0.5°C above/below baseline during conditions ‘heat’ and ‘cold’, 
respectively. RESULTS Regression analyses revealed Tf, Tf-lag4, and Tre-lag4 
as significant predictors of BFf (R2=0.766, P<0.001). Mean actual BFf 
(109.5±158.2 PU) and predicted BFf (P-BFf) (111.4±136.7 PU) were 
similar (P=0.6) and correlated (r=0.880, P<0.001). Prediction model: P-
BFf = (Tf • 19.930) + (Tf-lag4 • 74.766) + (Tre-lag4 • 124.255) – 447.474. 
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Autoregressive integrated moving average analyses demonstrated a 
significant association between P-BFf and BFf (R2=0.381; Ljung-Box 
Statistic=8.097; P<0.001) in the validation group. CONCLUSION We 
provide a model for the estimation of BFf from Tf and Tre. The prediction is 
accurate and provides a practical alternative that can be implemented 
when measurement of BFf is not plausible. 

DEVELOPMENT AND VALIDATION OF A NEW SCALE TO PRIMARY 
EVALUATION OF HEAT STRAIN IN CLIMATIC CONDITIONS OF IRAN 

SHAHREZA DEHGHAN, SB MORTAZAVI, M JAFARI & M MERACI 

INTRODUCTION Heat strain is one of the most important consequences 
of occupational heat exposure worldwide. Current heat stress indices have 
limitations for heat strain screening in developing countries. The aim of 
this study was to develop of a tool for preliminary assessment of heat 
stress in Iran. METHODS This study was conducted in three stages (i) 
Item generation, (ii) Content validity evaluation (iii) Reliability and validity 
analysis during 2009-2010. Data were collected from workers (n=122) in 
two companies in Iran. Exploratory factor analysis (EFA) was applied to 
items reduction and Pearson's correlation calculated between the new 
scale and core body temperature (CBT) and Physiological Strain Index 
(PSI). RESULTS In the first stage 40 items were identified.  In the second 
stage, 27 items modified, 3 items were removed and 3 items added. In 
stage of EFA, 23 items were omitted. Internal consistency of the 17-item 
scale was 0.92. EFA on 17 items identified three subscales, which 
explained 74.44% of the variance. Correlation between the new heat 
strain score with CBT and PSI were 0.73 and 0.77 respectively. 
CONCLUSION This study revealed that the new scale has high reliability 
and well correlated with CBT and PSI. Therefore this scale is a valid and 
reliable tool to screening of heat strain in Iran. 

INVESTIGATION OF THERMAL COMFORT IN AIRCRAFT CABIN BY MEANS 
OF COMFORT ZONES MODEL  

JAN FIŠER, MATĚJ FORMAN, JAN POKORNÝ & MIROSLAV JÍCHA  

The thermal comfort of passengers in the aircraft first class suite using 
comfort zones model (according to standard ISO 14505-2) was performed 
and the CFD method was employed. Several different positions of 
personal inlets and flow rates were tested. All models and simulations 
were performed under commercial CFD code Star-CCM+. The study was 
performed in the section of the Airbus A380 aircraft lining with 4 seats 
occupied by passive manikins. Manikins' boundary conditions were equal 
to the ISO 14505 summer comfort zones diagram. The study shows 
specifics of implementation of comfort zones model in CFD and predicts 
which combination of inlets are feasible for personalised ventilation in 
aircraft cabin. The main goal of the study was reach the overall and local 
thermal comfort in combination with personalised ventilation. 

FINITE ELEMENT MODELING TO ASSIST WITH BACKPACK ERGONOMICS 

AMIR HADID, YORAM EPSTEIN, NOGAH SHABSHIN & AMIT GEFEN 

INTRODUCTION Shoulder strain is a major limiting factor associated 
with load carriage. Despite the advances in backpack designs, there are 
still reports of shoulder discomfort and loss of sensorimotor functions of 
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soldiers' hands. The current study is aimed at i) characterizing the loads 
imposed on the shoulder, the subclavian artery (SCA) and its surrounding 
tissues, by a heavy backpack ii) to suggest a better shoulder strap, which 
will alleviate the pressure on the shoulder's tissues. METHODS MRI scans 
were used for building 3D subject-specific finite element (FE) models of 
the shoulder and measuring tissue deformations. Skin pressure 
measurements while carrying a 25 kg backpack were used as boundary 
conditions for the modeling, and validation of the models were achieved 
by comparing tissue deformations to those obtained from MRI. RESULTS 
The model was validated against MRI scans. Preliminary MRI and skin 
pressure data revealed significant compression of the soft tissues of the 
shoulder, with substantial deformations in the area of the SCA. The 
maximal pressure values exerted by a 25 kg load were significant and 
reached ~90 kPa. CONCLUSION Large deformations and pressure 
hotspots obtained in preliminary studies are likely to result in tissue 
damage and induce discomfort, if sustained for long time exposures.  

MULTI-SEGMENT MODEL FOR PREDICTION OF HUMAN PHYSIOLOGY 
RESPONSES AND THERMAL COMFORT IN NON-HOMOGENOUS 
ENVIRONMENTS 

JAN POKORNÝ, JAN FIŠER & MIROSLAV JÍCHA  

For the correct prediction of thermal comfort in non-homogenous 
environments is recommended to use a multi-segment physiological 
model in combination with a thermal comfort model. In the paper, the 
authors refer to coupling of modified 65MN Tanabe model and thermal 
comfort model by Zhang. Both models are designed for non-homogenous 
environments and for transient changes of boundary conditions. The 
coupled model predicts human physiology responses, distribution of 
surface temperatures and thermal comfort. It is implemented in the 
Modelica language by using the Dymola as development tool. The model 
was tested for homogenous environments before and this paper presents 
testing of the model for non-homogenous environments. The coupled 
model results were compared with simulations carried out in Theseus-FE 
that uses the Fiala model as a virtual thermal manikin. The coupled model 
is suitable for automobile applications, e.g. design process of passenger 
compartment and air-conditioning system. 

THERMOPHYSIOLOGICAL MEANING OF WET BULB GLOBE TEMPERATURE 
INDEX 

TOMONORI SAKOI & TOHRU MOCHIDA 

The wet bulb globe temperature (WBGT) index is popularly used to 
express the risk of heat disorders. However, its thermophysiological 
meaning remains unclear. The aim of this study is to clarify its 
thermophysiological meaning. The heat balance equation for the human 
body for maximum sweat rate was combined with the WBGT equation and 
the empirical formula for evaporation efficiency. Consequently, we 
determined the relationship among the heat storage rate (S), skin 
temperature (Tsk), skin wettedness (w), and WBGT. Using this 
relationship, we clarified the thermophysiological meaning of the WBGT in 
the standard condition, according to which humans wear summer work 
uniforms and the air is calm. For a metabolic heat rate ranging in 1.1–5.5 
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met, the recommended heat exposure limit in terms of the WBGT for a 
steady state (S = 0) is closely related to the parameter Tsk (Tskcrit) at a 
fixed metabolic heat rate within environments that we typically 
experience. Skin wettedness shows large variations even when the WBGT 
remains constant. A WBGT above this limit is related to S for a human 
body at temperature Tskcrit. In the standard condition, constant WBGT 
lines are regarded as good approximations of constant S lines for certain 
environments.  

EVALUATION OF FOOTBATH ENVIRONMENT BY USING THERMAL 
PHYSIOLOGICAL AND PSYCHOLOGICAL PREDICTION COMPUTER 
PROGRAM 

MICHIYOSHI TAO, SHINTARO YOKOYAMA, TAKAFUMI MAEDA & MASASHI 
KURAMAE 

We have developed a computer program for the numerical analysis of 
thermal conditions of all segments and blood circulatory systems in the 
human body for a precise evaluation and control of indoor thermal 
environment. This paper describes the result of the experiments and the 
evaluation of footbath environment. The subjects were nine healthy young 
males. The footbath was kept at 42 OC. We adopted an anatomical model 
of the human body divided into 16 segments with five function layers. In 
each segment a pair of large arterial and venous blood pool corresponds 
to the larger artery and vein. In each layer a pair of arterial and venous 
blood pools corresponds to the smaller arteries and veins and the 
capillaries. At the skin surface outflow heat flux is equal to the sum of 
heat loss to the environment, convection, radiation and insensible 
evaporation. The calculated results show that the tendency of predicted 
body temperatures of the subjects is almost the same as experiments. 
These calculated results using our program suggest local characteristics of 
each segment including a subroutine of calculation of physiological 
thermoregulatory responses to evaluate human responses by using 
footbath system. 

CORRELATION BETWEEN DIFFERENT THERMOPHYSIOLOGICAL 
SIMULATION METHODS AND THE SELF- PERCIEVED WEARING COMFORT 
OF MILITARY FOOTWEAR 

CARSTEN ZIMMERMANN, WOLFGANG UEDELHOVEN, BERNHARD KURZ, 
SILVIO GRELLMANN, MARTIN ROTTENFUSSER & SABRINA LANGENMEIR  

INTRODUCTION Foot models are useful tools to predict the climatic 
wearing comfort of footwear. Every setup has its specific approach to 
simulate the human physiology and wearing situations or to measure just 
basic physical values, respectively. Hence, it is essential to verify the 
relevance of the obtained values in correlation to the self-perceived 
wearing comfort and comfort data (foot skin temperature/humidity). 
Particularly with regard to improve the signification of predictions, it was 
the aim to obtain a comfort correlation and threshold values for 
differences in certain relevant values (e.g. WVTR) which would result in an 
appreciable benefit in wearer’s comfort. METHODS Sweating foot manikin 
SWEATOR (Zimmermann et al. 2010) was used to obtain WTVR, thermal 
insulation and water absorption of four military boots. Using the CYBOR 
system (Kurz et al. 1999) the microclimate in the boots where measured 
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in simulated wearing situations. Basic WVTR measurements with Gore’s 
Whole Boot Comfort Test (W.L. Gore Associates 1990) completed the 
laboratory test schedule. After these measurements the boots were tested 
in wear trials with volunteers. The self-perceived wearing comfort as well 
as foot skin temperature/humidity was recorded. The four military boots 
were chosen to represent a greatest possible range in terms of WVTR. 
RESULTS AND CONCLUSION The comfort data derived from the wear 
trials correlate well with selected results from the laboratory tests. The 
comfort correlation was used to estimate relevant difference in WVTR and 
other physical values, which are necessary for a perceptible improvement 
in climatic wearing comfort of footwear in general.  
REFERENCES Kurz, B., Uedelhoven, W., Nocker, W. (1999), CYBOR 
concept for thermophysiological simulation of dry and wet heat flow. in 
Hodgdon J A, Heaney J H, Buono M J, Environmental Ergonomics VIII 
1998, San Diego 
W.L. Gore Associates (1990). Method for measuring vapour transmission 
rate in wearing apparel. Patent PTC, US8904648, WO90/04772. 
Zimmermann, C., Uedelhoven, W., Kurz, B., Rottenfusser M. (2010). 
Cost-effective and easy-to-use sweating foot model – Development and 
first results. Proceedings of the 8th International Manikin and Modeling 
Meeting 2010 (8I3M), Victoria, B.C.  
PREDICTION OF THERMAL RESPONSES USING MANIKIN DATA AND A 
HUMAN THERMAL MODEL:  COMPARISON WITH OBSERVATIONS 
OBTAINED DURING A SUMMER FIELD TRIAL 

DANIELA PAVLINIC, EUGENE WISSLER & IGOR MEKJAVIC 

Thermal factors determine whether a given clothing ensemble is suitable 
for use under specified conditions.  Although final approval of a particular 
ensemble may involve field trials, the need for such trials can be reduced 
by measuring the thermal properties of the garment on a heated manikin 
and then predicting human behavior using a mathematical human thermal 
model. We compared the physiological responses (oxygen uptake, skin 
and core temperature, regional heat fluxes, clothing microclimate 
temperature and relative humidity) of nine soldiers during a 3-hour (12 
km) hike across a 160 m high ridge (ambient conditions were: air 
temperature = 23.6 ºC, relative humidity = 74.8 %, wind velocity = 0.8 
m/s, and radiant intensity from 30 to 280 W/m2 with responses predicted 
with a human thermal model. Agreement between predicted and actual 
behavior was reasonable, although there were significant differences 
which could be attributed both to deficiencies in the model and to 
difficulties inherent in conducting field trials of this kind. Nevertheless, 
computed core temperatures provided a good indication of the soldiers’ 
thermal state during the hike. The model also indicated that evaporative 
cooling was an important aspect of thermal regulation under these 
conditions, which was consistent with results from the field trials. 

ERGONOMIC RESEARCH TRENDS IN GREECE 
TEMPORARY HEARING LOSS IN FERRY BOAT WORKERS  
ELIAS SPYROPOULOS & GEORGE ATHANASSIOU 

Temporary hearing loss is one of the most common disabilities among 
sailors (1), while the noisiest space on board a ship is the engine room. 
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The purpose of this study was to estimate the temporary hearing loss in 
workers in the engine room of a ferryboat and the time needed to fully 
restore their hearing. We hypothesized that hearing loss is more harmful 
in the crucial frequency of 4000Hz, which lies into the range of the 
frequency of human communication. A total of 8 healthy men, aged 23 
years old, otologically normal, were selected for this study. They were 
exposed to the sound environment for 45min and followed two different 
procedures: They entered the engine room 1. without using hearing 
protectors and 2. using hearing protectors. The volunteers had their ears 
examined three times (5, 15 and 30 min) after their exit from the engine 
room. It was found that the hearing of all volunteers was mostly affected 
at the sound frequency of 4000 Hz. The volunteers without hearing 
protectors lost 90% of their hearing ability 5min after their exit when used 
hearing protectors lost 82%. Although the trip lasted only 15 min, all the 
volunteers lost a significant percentage of their hearing ability. 

COPING WITH CONFLICTING REQUIREMENTS AT WORK: A SYSTEMIC 
APPROACH 

DIMITRIS NATHANAEL, NIKOS ZARBOUTIS, NICOLAS MARMARAS 

The thesis of the communication is that human activity can be modeled as 
driven by a set of contradictory requirements between the human and his 
/ hers situation. When analyzing an activity system, this set of 
contradictions can be revealed by paying attention to fluctuations in 
human behavior. This fluctuation of behavior is more often than not a sign 
of regulatory compensation between conflicting forces or contradictions. A 
very simple example is the oscillation between leaning forward in front of 
a monitor to facilitate reading and then leaning back to feel comfortable. 
This is situation is supposedly very simple to resolve. One has just to 
adjust the font size in the monitor and the contradiction is resolved. But if 
one looks closer to the situation he will notice that once the initial 
"readability vs comfort" contradiction is lifted other oscillations start to 
reveal; these maybe bodily oscillations in order to compensate for the 
static posture or oscillations in scrolling up and down a document or both. 
Note that these oscillations and their underlying contradiction are a direct 
consequence from the lifting of the initial contradiction. It is important to 
point out that, in practice, sets of contradictions typically go beyond the 
fundamental regulation between internal (person) needs vs. external 
(work) demands. In a concrete situation these may be manifested as a 
struggle between antagonistic internal resources or between 
mutually incompatible external demands. One may thus encounter 
situations where some internal needs are reinforcing some external 
demands to the detriment of other (usually more long term) internal 
needs and / or external demands. 

THE EFFECTS OF MOTION SPEED IN THE SIT-TO-WALK ACTIVITY 

NIKOS KONDILOPOULOS, ELISSAVET ROUSANOGLOU & KONSTANTINOS 
BOUDOLOS 

INTRODUCTION Sit-to-Walk (STW) is one of the most crucial activities 
for independency in daily living (Dall & Kerr 2010). STW may threat 
balance because of the sudden reduction of the base of support (Åberg et 
al 2010). The aim of this study was to investigate the effects of motion 
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speed in STW. METHODS Nineteen (19) young healthy subjects were 
instructed to perform STW in two conditions: A) Preferred speed (STWPS) 
and B) Fast speed (STWFS). Four 3D inertial sensors (Xsens ΜΤx, 50Hz) 
were attached at the center of mass of the trunk, thigh, shank and foot 
(Takeda et al 2009). Euler angles, angular velocities and linear 
accelerations obtained for each segment. Student’s t-tests were 
performed between STWPS and STWFS (SPSS v19, p<.05). RESULTS 
Motor strategy didn’t alter in the STWFS, except for the knee angle. 
Angular velocities and linear accelerations were increased up to 36% 
(p<.05). DISCUSSION Inertial sensor data provided by the present study 
could be used as a reference in STW rehabilitation programs (Janssen 
2008). Large accelerations in ageing populations, after-surgery patients 
and subjects with defective mobility could lead to a fall (Åberg et al 2010). 
Future studies should focus on STW strategies with the minimum possible 
accelerations. 
References Åberg, A., et al (2010). Gait & Posture, 438-443. 
Dall, P., & Kerr, A. (2010). Applied Ergonomics, 41, 58-61. 
Janssen, W. (2008). Phd Thesis, Erasmus University, The Netherlands. 
Takeda, R., et al (2009). Journal of Biomechanics, 42, 223-233. 
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DOES REDUCED HEAT PRODUCTION DURING MILD WHOLE 
BODY COOLING OVERRIDE INCREASED HEAT GENERATION 

BY PRE-SHIVERING MUSCLE TENSION? 

Kalev Kuklane, Juhani Smolander, Ingvar Holmér, Leif Vanggaard 

INTRODUCTION 

Shivering thermogenesis comprises of the thermoregulatory muscle tone 
(preshivering) and cold shivering (Meigal 2002). Preshivering thermogenesis 
includes developing muscle tension. However, this effect on metabolic rate 
may not be noticed in static situations due to decreasing basal metabolism 
under mild body cooling. On the other hand, increased muscle tension may 
produce considerable amounts of heat due to braking effect of agonist-
antagonist muscles (Oksa 2002), on the cost of reduced work ability/ 
productivity. Kuklane et al. (2007) showed in otherwise similar conditions 30 
W/m2 higher measured than predicted metabolic rates for the lower activity 
level where continuous body cooling was involved than for higher activity (10 
W/m2) where body core temperature stayed stable. In both cases the thermal 
sensations stayed around neutral being slightly but not significantly higher for 
higher activity level. This paper describes the observations of metabolic and 
heart rate changes under mild body cooling (Vanggaard et al. 2011). 

METHODS 

Eight male subjects with mean (SD) age 29.1 (5.9) years, weight 77.2 (9.8) 
kg, height 174 (7) cm, average skinfold thickness (6 sites) 15.7 (4.7) mm 
volunteered to participate in the study. The study was carried out during the 
winter months at the Thermal Environment Laboratory, Lund University, 
Sweden (Vanggaard et al. 2011). During the test the subjects were dressed in 
shorts, socks and shoes, and sat on a net chair behind a table with the 
chamber air flow (0.4 m/s) directed from back to front. In the present study, 
the initial air temperature was set to 32.3 ± 0.2 °C (RH 30 %). After about 25 
minutes of conditioning the temperature was gradually reduced to 13 °C at a 
rate of about 0.19 °C/min (11.5 °C/h), and then increased quickly back to 32 
°C in order to restore the comfort of the subjects (Figure 1). 

A rectal temperature probe (YSI-401) was inserted by the subjects to a 
depth of 10 cm above anal sphincter. Further instrumentation (15-20 minutes) 
was carried out in the warm chamber at 32 °C in order to avoid cooling of the 
test subjects. Air temperature was recorded with PT100 sensor connected to 
PT-104 logger (Pico Technologies). Ambient and skin (at right scapula) 
humidity were recorded with EK-H3 equipped with SHT75 sensors (Sensirion 
AG). Sampling interval for all instruments above was 10 seconds. Heart rate 
was recorded with a pulse monitor each 15 seconds (Polar Electro Oy). In a 
pre-study the metabolic rate was calculated from a continuous oxygen 
consumption (VO2) measurement throughout the whole exposure and it 
decreased during the exposure following the heart rate change. As similar 
change was expected for all tests then under the study the VO2 was 
measured for 5 minutes at both 30th and 90th minutes of the exposure 
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(MetaMax I, Cortex GmbH). Each 10th minute the thermal responses were 
collected, the questions on shivering were asked, and shivering observed. 

RESULTS AND DISCUSSION 

Figure 1 shows the change of temperature and water vapour pressure in 
the air and at the skin at the right scapula. In average the subjects lost 
230±95 g moisture per exposure including the time for instrumentation. 

 
Fig 1. Temperature and water vapour pressure change in air and at skin under one exposure. 

 
Fig 2. Mean and individual metabolic rates of all subjects at 30th and 90th minutes. 

In S1 and S2 no shivering was observed nor reported. In S3 a slight 
shivering at 80th minute was observed, by 100th minute the shivering was 
gone but reappeared around 120th minute. In S4 a slight shivering started at 
around 100th minute and kept up until chamber temperature started rising. S5 
reported slight shivering that was not observable at 80th minute, the strong 
observable shivering started at around 110th minute. In S6 slight shivering 
from 120th minute was observed. In S7 short superficial shivering was 
observed from 85th minute. From 96th minute longer periods of shivering were 
present but seldom until from 119th minute strong shivering involving large 
muscle groups was observed. In S8 shivering was observed before 90th min, 
at 90th already strong shivering was present that continued into 110th minute. 
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Fig 3. Mean heart rate of all and individual heart rates of 2 subjects (lowest and highest). 

 
Fig 4. Mean and individual rectal temperatures of all subjects. 

During cooling metabolic rates were commonly decreasing showing in 
average 57±8 at 30th and 55±11 W/m2 at 90th minute (Figure 2). However, in 
S4 (the quickest finger cooling (Vanggaard et al. 2011) and increased final 
core temperature) the metabolic rate did practically not change when 
comparing 30th and 90th minutes. Similar relation between finger and core 
temperatures were also pointed out in a review by Meigal (2002) for cooling 
tests at +10 °C vs. lower temperatures. The quick AVAs reaction in S4 
indicates a more complex neural input than just core cooling (temperature of 
hypothalamic centre) in various individuals with the similarities to the reaction 
observed in the seals (Hammel et al. 1977). Also, holding breath has been 
reported to lead to reduced shivering (Meigal 2002). In S8 metabolic rate 
increased considerably due to onset of strong shivering. The mean heart rate 
of all subjects followed the major trend in metabolic rate and decreased being 
in average 80±12 at 30th and 72±12 beats/min at 90th minutes (Figure 3). 

During cooling the mean skin temperature in all subjects decreased at a 
similar rate (Vanggaard et al. 2011), and generally followed the changes in air 
temperature. Simultaneously, body core temperatures did behave differently 
(Figure 4). Most of them started dropping sooner or later; one did increase 
under a certain period and then showed a slow decrease (S4), while one 
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experienced a sharp drop in the middle of the cooling (S8). Also, the finger 
temperatures did behave differently in the subjects (Vanggaard et al. 2011). 

CONCLUSION 

Increased metabolic rate under mild cooling was not observed, eventually 
due to that the thermoregulatory responses such as increased muscle tension 
and superficial shivering were not strong enough. Total heat production 
reduced instead. There is a need to repeat the study involving continuous 
oxygen consumption and EMG recordings in order to separate 
thermoregulatory effects from postural effects, and look more closely at the 
changes in metabolic rate under cooling both with and without exercise. This 
approach may improve estimation of body thermal status in cold. 
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THE INFLUENCE OF VOLUNTARY HYPOCAPNIC 
HYPERVENTILATION ON CUTANEOUS CIRCULATION IN 

RESTING HEATED HUMANS 

Naoto Fujii, Yasushi Honda, Stephane Delliaux, Bun Tsuji, Kazuhito 
Watanabe, Akira Sugihara, Narihiko Kondo, Takeshi Nishiyasu 

INTRODUCTION  

Robinson and King (1971) suggest that cutaneous blood flow response 
during heating at rest is attenuated by hyperventilation-induced hypocapnia, 
which is based on their observation that hand blood flow during voluntary 
hypocapnic hyperventilation was lower than that during voluntary eucapnic 
hyperventilation.  However, in light of neural control of skin vasodilation to 
heat stress as well as skin vessel structure is different between hand and 
nonglabrous skin such as forearm and forehead (Fox et al. 1962; Rowell 
1986), their result cannot be applied to nonglabrous skin.  The purpose of the 
present study was to investigate the influence of hypocapnia induced by 
voluntary hyperventilation on nonglabrous skin circulation in resting heated 
humans.   

METHODS  

Nine healthy male subjects were passively heated at rest using hot legs-
only water immersion and a water-perfused suit, causing esophageal 
temperature (Tes) to increase by 1.0◦C.  At normothermia, +0.6 and +1.0°C 
Tes, the subjects performed voluntary hypocapnic and eucapnic 
hyperventilation for 7 min (minute ventilation = 40 l min-1) in random order.  
End-tidal CO2 pressure, which is known as an index of arterial CO2 pressure, 
was reduced by 23-25mmHg during hypocapnic hyperventilation, while it was 
maintained at spontaneous breathing level during eucapnic hyperventilation.  
Cutaneous vascular conductance was evaluated as cutaneous red blood cell 
flux measured by laser-Doppler flowmeter / mean arterial blood pressure at 
forearm (CVCforearm) and forehead (CVCforehead).  

RESULTS  

Hypocapnic but not eucapnic hyperventilation significantly lowered 
CVCforearm at normothermia, with no significant difference in the magnitude of 
change between hyperventilation trials (Fig 1).  On the contrary, CVCforearm 
was significantly lowered by eucapnic and hypocapnic hyperventilation at 
+0.6°C Tes with significantly greater reduction for hypocapnic hyperventilation 
(Fig 1).  Neither eucapnic nor hypocapnic hyperventilation significantly 
affected CVCforearm at +1.0°C Tes (Fig 1).   

Both eucapnic and hypocapnic hyperventilation changed CVCforehead at 
normothermia (Fig 2).  By contrast, CVCforehead was significantly lowered by 
both eucapnic and hypocapnic hyperventilation at +0.6 and +1.0°C Tes with 
no significant differences in the magnitude between hyperventilation trials (Fig 
2). 
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Fig 1. Time-course changes in forearm cutaneous vascular conductance (CVCforearm) during 
hyperventilation (A) and delta CVCforearm from spontaneous breathing (pre) to last 1-min 
hyperventilation (B) at normothermia, 0.6◦C and 1.0◦C increase in esophageal temperature 
(Tes).  *, vs. pre at each trial.  Error bars in Figure 1,A are omitted for clarity.   

 

Fig 2.  Time-course changes in forehead cutaneous vascular conductance (CVCforehead) 
during hyperventilation (A) and delta CVCforehead from spontaneous breathing (pre) to last 1-
min hyperventilation (B) at normothermia, 0.6◦C and 1.0◦C increase in esophageal 
temperature (Tes).  *, vs. pre at each trial.  Error bars in Figure 2,A are omitted for clarity.   
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CONCLUSION 

Our results suggest that in resting heated humans, hyperventilation and 
hypocapnia independently cause nonglabrous skin vasoconstriction, though 
the characteristics of skin are depending on level of hyperthermia and skin 
site.   
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TRPM8 GENE POLYMORPHISM RS11562975 INFLUENSES ON 
HUMAN SENSITIVITY AND RESPONSE TO COLD 

Kozyreva Tamara,  Tkachenko Elena, Potapova Tatiana,  Voevoda Mikchail 

INTRODUCTION 

In recent years, numerous the cellular and molecular investigations on 
mechanisms of cold sensitivity suggested that the temperature sensitive TRP 
channels are detectors of   temperature changes and the main sensors. So 
far, two cold-sensitive ion channels, TRPA1 and TRPM8, have been 
identified. TRPM8 is an ion channel activated by cold in the 8–28°С range. 
The ion channel TRPM8 is also activated by menthol, iciline, and other 
chemical agents (McKemy et al.,2002; Voets et al., 2004). TRPM8 is 
expressed on the sensory neuron endings of the spinal and trigeminal 
ganglia, whose free nerve endings are peripheral thermoreceptors (Kobayashi 
et al., 2005). 

The gene encoding the protein of the thermo-sensitive cation channel 
TRPM8 in humans is localized in the 2q37.1 region of chromosome 2. To 
date, the presence of a number of polymorphisms located in the coding and 
noncoding gene regions has been established. Polymorphism rs11562975 is 
located in exon 7 of the TRPM8 gene and determines the synonymous 
nucleotide substitution G→ C that does not substitute another amino acid at 
position 250 of the TRPM8 polypeptide for leucine.  The functional importance 
of this single nucleotide polymorphism (as other polymorphisms of this gene) 
has still not been clarified; however, it could be of interest as a potential 
molecular-genetic marker of the individual diversity of human temperature and 
menthol sensitivity. 

In this study, we assessed the relationship between the single-nucleotide 
polymorphism rs11562975 of the TRPM8 ion channel gene and human 
sensitivity to cold and menthol as well as some parameters of human 
response to cold. 

METHODS 

Subjects to be studied included randomly selected persons identifying 
themselves with the Russian ethnic group. The experiments were performed 
in compliance with the principles of the Helsinki Declaration. 
The patient wearing light clothes was seated at 22–23°С. The skin 
temperature on the internal side of the left and right forearms was 
continuously measured using the BIOPAC system. The temperature 
sensitivity on the internal side of the forearm was made using the method of 
counting the number of sensitive cold spots in 100-point matrix with thermode 
which temperature was +3–4°С and tip 1 mm (Kozyreva, 2006). The number 
of sensitive cold spots characterizes the level of mobilization of skin cold 
receptors.  

The application of 1% menthol ((–) Menthol, Sigma) in 50% ethanol was 
applied for 5 min on right forearm. According to the literature data, the solvent 
(ethanol) per se does not influence temperature sensitivity in humans within 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 120 

the testing time after application (Green, 1992). Local acute cooling by 5⁰C 
was done on the left forearm before menthol application, the square of cooling 
was 25 sm2.  The number of cold spots was calculated at the rest before any 
procedure on the left and right forearms, then after test local cooling on left 
forearm, and 5 and 30 min after menthol application on the right forearm. In 
some subjects the O2 consumption and true oxygen were constantly recorded 
during all over the experiment with Biopac MP-100 system. 

The blood for the genome analysis was sampled after fasting into test 
tubes with an anticoagulant EDTA. The genomic DNA was isolated from blood 
with the standard method of phenol–chloroform extraction (Sambrook et al., 
1989). Genetic typing of the samples was carried out using the method of 
direct automated sequencing.  

The following primers were used for fragment amplification: forward, 
5'_aggaggcataatgt_gattgaacc_3'; reverse, 5'_tttggtagtgattgttgttgatgc_3'.  

The sequencing was carried out in the Interinstitute Center for DNA 
Sequencing. The results of sequencing were analyzed using the DNA Star 
(Meg Align) and Chromas software.  

RESULTS 

The genome studies showed that 14 (20.3%) of 69 subjects had the 
heterozygous type of the single-nucleotide polymorphism rs11562975 of 
TRPM8 gene containing a less common С allele (GC); the remaining 55 
subjects (79.7%) were homozygous for the more common G allele (GG). 

Forearm skin temperature was about 32°С and did not differ in subjects 
with GC and GG genotype.   However, the number of cold spots in the 
subjects with the heterozygous genotype GC was 47±4.8 in the left and 
48±4.1 in the right forearms, that is 30- 40% more than in subjects with the 
genotype GG which had 34±1.6 and 37±2.0, correspondingly  (P<0.05). This 
indicates that subjects with C allele have higher sensitivity to cold.  

Since menthol is an agonist of the ion channel TRPM8, it is important to 
check whether the rs11562975 polymorphism change the sensitivity of the 
thermosensitive receptors to menthol. In the subjects with the homozygous 
genotype GG, menthol application caused a significant decrease in the 
number of cold spots as early as 5 min after the application, and this decrease 
was retained for up to 30 min of the examination (Fig. 1, left panel).  
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Fig. 1.  Effect of menthol application on the number of cold spots.  

*- Differencees in comparison with the initial, P<0.05. 

In the subjects with the heterozygous genotype GC, no changes to menthol 
application was observed after 5 min, and the number of cold spots 
decreased only after 30 min of menthol action by the same value as in 
subjects with the genotype GG (Fig. 1, right panel). The skin temperature did 
not change after menthol application in both groups and was about 32⁰C. The 
decrease in the number of cold spots under the effect of menthol seems to be 
connected to the activation of the cold and menthol sensitive ТRРМ8 ion 
channels. The flow of ions through the receptor cell membrane under the 
effect of menthol may cause activation of the receptors and the loss of their 
ability to respond with a dynamic response to test cold stimuli during the 
counting of cold spots. The results may indicate that cold sensitive skin 
receptors in human with genotype GC less sensitive to menthol. 

There was also difference in the respiratory response to menthol 
application in subjects with different genotypes GG and GC (Table). It was 
observed the decrease in oxygen consumption after menthol application in 
subjects with GC genotype but not in subjects with GG genotype. The 
decrease in true oxygen (the value of O2 extraction from 100 ml of inspired 
air) can be one of the reasons of these decreases in oxygen consumption at 
cold and menthol effect in subjects with the heterozygous genotype GC.  
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Table 1 Influence of cooling and menthol application on metabolic parameters 

Parameters Initial Local skin cooling Menthol 
application 

Subjects with genotype GG 

O2 consumption, 
ml/min 
                           

383±30.9 396±40.8 356±33.0 

True oxygen, 
ml/100ml 

5.1±0.28 5.4±0.28 5.2±0.34 

Subjects with genotype GC 

O2 consumption, 
ml/min 
 

453±43.9 349±51.4 250±66.1* 

True oxygen, 
ml/100ml 

5.9±0.47 5.8±0.39 5.0±0.50** 

* - significant differences in comparison with the initial value (paired 
comparison), *-P<0.05, **-P<0.01. 

CONCLUSION  

Thus, the examination of 69 subjects in Russian ethnic group revealed the 
presence of 20.3% of subjects with the heterozygous genotype containing the 
С allele of the single-nucleotide polymorphism rs11562975 (GC) located in 
exon 7 of the gene encoding the temperature-sensitive ion channel TRPM8.   

The functional differences were associated with different genotypes of the 
rs11562975 polymorphism (GG and GC).  The subjects with the genotype GC 
containing the C allele are characterized by increased sensitivity to cold. Cold 
sensitive skin receptors in human with genotype GC have less sensitivity to 
menthol, an agonist of the TRPM8 ion channel, compared to one in the 
subjects with the homozygous genotype GG.  

 The subjects with different genotypes showed also various metabolic 
responses to local skin cooling and menthol application: subjects with 
genotype GG did not change the oxygen consumption while subjects with 
genotype GC decreased the oxygen consumption due to decrease in true 
oxygen to these procedures. The obtained results could be of interest as 
molecular-genetic marker of the individual diversity of human temperature and 
menthol sensitivity. 
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RESPONSE PATTERNS IN FINGER AND CENTRAL BODY 
SKIN TEMPERATURES UNDER MILD WHOLE BODY COOLING 

Leif Vanggaard, Kalev Kuklane, Juhani Smolander, Ingvar Holmér 

INTRODUCTION 

At thermoneutrality and in a warm situation the fingers usually exhibit the 
warmest skin of the whole human surface. In a cold person with closed AVAs 
(arteriovenous anastomoses) the fingers soon become the coldest part of the 
body endangering manual dexterity and increasing the risk of local cold 
injuries (Vanggaard 1975). In thermophysiological sense, the AVAs and the 
superficial veins that lead centrally from the extremities can be considered to 
form an entity (the AVA organ). It consists of the AVAs with their nerves and 
the superficial veins of the extremities up to above the elbow and the knee, 
where the superficial veins go deep into the depth of the arm and the thigh. 
Potentially, the AVA organ may provide for around one third of the total skin 
surface area for heat exchange (Nielsen and Nielsen 1984, Choi et al. 1997). 

The temperatures over acral skin sites are seldom used in calculations of 
mean skin temperature and heat balance (Hardy and Dubois 1938, Nielsen 
and Nielsen 1984, Choi et al. 1997). As pointed out by Van Someren (2007), 
the actual heat loss may be underestimated especially in studies employing 
mild whole-body cooling, if AVA-rich distal areas are left out of the mean skin 
temperature calculations or not taken into account. Considering the high 
capacity and variability of blood flow in acral skin, and its on/off type of 
regulation during cooling, the observed skin temperature may thus vary 
considerably between individuals (Sanden et al., 2005). Shitzer et al. (1998) 
found that during local cooling finger skin temperature exhibits a nonlinear 
decrease with distinctly separable phases, but no comparison with other skin 
areas were made. In the present report, we illustrate the response pattern of 
finger skin temperature (rich in AVAs) to transient whole-body cooling as 
compared to skin temperatures in non-acral body sites (without AVAs). 

METHODS 

Eight male subjects with mean (SD) age 29.1 (5.9) years, weight 77.2 (9.8) 
kg, height 174 (7) cm, average skinfold thickness (6 sites) 15.7 (4.7) mm 
volunteered to participate in the study. The study was carried out during the 
winter months at the Thermal Environment Laboratory, Lund University, 
Sweden. For the present study, the initial air temperature was set to 32.3 ± 
0.2 °C (RH 30 %). After about 25 minutes of conditioning the temperature was 
gradually reduced to 13 °C at a rate of about 0.19 °C/min (11.5 °C/h), and 
then increased quickly back to 32 °C in order to restore the comfort of the 
subjects. 

A rectal temperature probe was inserted by the subjects to a depth of 10 
cm above anal sphincter. Further instrumentation was carried out in the warm 
chamber at 32 °C to avoid cooling of the test subjects. Mean skin temperature 
was calculated based on eight sites (forehead, chest, scapula, upper arm, 
forearm, hand, thigh, calf) according to Gagge and Nishi (1977). Finger 
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temperatures were measured in the sulcus lateral to the nailbed as the AVAs 
are especially abundant in the nailbed and the fingerpulp, and thus, better 
reflecting the local thermoregulatory change due to the action of the AVAs. 

During the test the subjects were dressed in shorts, socks and shoes, and 
the subject sat on a net chair behind a table with the chamber air flow directed 
from back to front. The arms were placed on insulated supports on the table 
so that the hands stayed at around heart level. 

RESULTS AND DISCUSSION 

During cooling the mean skin temperature in all subjects decreased at a 
similar rate (Figure 1), and generally followed the changes in air temperature. 
If to adjust the start temperature to be the same then all changes could have 
been fitted within actual standard deviation of the mean skin temperature. 
Higher variation in the end of the cooling could be explained by differences in 
body fat where higher skinfold thickness did lead to quicker cooling rate of the 
central skin temperature (R2=0.902). Simultaneously, the finger skin 
temperatures did behave quite differently (Figure 1). Finger cooling could start 
with up to about 1 hour difference in different subjects. In S4 finger 
temperature started dropping (Figure 1) together with chamber cooling, 
temperature increased when chamber cooling delayed, and then continued 
dropping as air temperature reduced further. The body core temperatures did 
change in different patterns, too (Kuklane et al. 2011). 

 
Fig 1. Air and average mean skin temperature with standard deviations in comparison to 
individual skin temperatures of all subjects’ 3rd (long) finger tips. 

Romanovsky et al. (2002) developed a method on how to define 
thermoneutral zone by measuring temperature fluctuations in rat tails (rich in 
AVAs) where no fluctuations at high tail temperature refer to AVAs fully open 
and hyperthermic situation, and no fluctuations at dropping or low temperature 
(close to ambient temperature) refer to AVAs fully closed and hypothermic 
situation. The method has also been employed to define thermoneutral zone 
in humans at rest (Hartgill et al. 2011). Based on our study results and in 
reference to Romanovsky et al. (2002) and Hartgill et al. (2011) it is obvious 
that our subjects left thermal neutrality at very different time points. Mean skin 
temperature did not give any idea on this matter (see also Vanggaard and 
Giesbrecht 2005). Therefore, it is of utmost importance that any studies 
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dealing with thermal comfort at various environmental temperatures do 
measure finger (or toe) temperatures in order to define the comfort range. 
Stable, conventionally measured mean skin temperatures do not necessarily 
indicate if the body cooling (or warming) has started. 

Romanovsky et al. (2002) suggested using 3 criteria to define 
thermoneutral zone. We were not able to use all these in this study due to 
continuously changing air temperature. However, it was possible to use Heat 
Loss Index ((Tsk-Ta)/(Tcore-Ta)) that was the startup of their calculations. An 
example for 2 subjects (with the lowest and the highest core temperatures) is 
shown in Figure 2. Here the index for mean skin temperatures changes after 
onset of cooling were related to the increasing temperature gradient between 
air and skin, while a considerably different pattern was observed for fingers. 

 
Fig 2. Dynamics in Heat Loss Index of subjects with lowest and highest values for fingers. 
Commonly, the finger responses of the other subjects followed the pattern of S6 (between 
0.75 and 0.90). Air temperature started to drop at 25th minute. 

CONCLUSION 

Based on our study it is strongly recommended to measure finger (or toe) 
tip temperatures when maintaining the thermal comfort of the subjects is 
important, for example, measuring thermal insulation on the subjects; but also 
to ensure that certain cooling or warming level has been achieved. Otherwise, 
physiological responses during cooling or warming and change of body 
thermal balance may affect the outcome. 
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REWARMING OF HEALTHY INDIVIDUALS AFTER COLD 
WATER IMMERSION BY SIMULTANEOUSLY APPLYING 

WARM WATER AND PULSATING NEGATIVE PRESSURE TO 
THE HAND AND FOREARM 

David M. Fothergill and Wayne G. Horn 

INTRODUCTION  

The treatment for accidental hypothermia usually involves transporting the 
victim to a hospital where technical methods of rewarming are available. 
However, during military field operations medical evacuation may be difficult 
or impossible thus necessitating a method of rewarming the victim in the field. 
The U.S. Navy’s recommendation for treating mild hypothermia in the field 
involves nutritional support to facilitate shivering and non-shivering 
thermogenesis, and to limit convective and conductive heat loss by 
maximizing the insulation surrounding the victim (Sterba 1990).  Since these 
recommendations, investigators have reported promising results for 
rewarming hypothermic individuals using devices that apply local heat to the 
forearm and/or hand in combination with the application of negative pressure 
to the same area (Grahn et al. 1998, Soreide et al. 1999, Rein et al. 2007).  
The most recent of these devices successfully prevented hypothermia in 
patients undergoing laparotomy by applying warm water and pulsating 
negative pressure to the hand and forearm (Rein et al. 2007). In view of the 
potential application of this technology as a field treatment for hypothermia, 
the Naval Submarine Medical Research Laboratory performed an 
independent assessment of the effectiveness of one these prototype devices, 
namely, the ThermoTube manufactured by Thermonor AS in Norway. The aim 
of the current study was to determine if local warming of the hand and forearm 
in combination with the application of pulsating negative pressure using the 
ThermoTube is more effective at rewarming healthy non-anesthetized 
individuals cooled by immersion in cold water than spontaneous endogenous 
rewarming.  

METHODS  

Thirteen healthy male volunteers participated as subjects. The group 
physical characteristics (means ± SD) were as follows: age (35.2 ± 9.6 years), 
weight (89.9±11.4 kg), and height (177.8±6.8 cm), and percent body fat 23.5 ± 
2.2 %, respectively. Each subject performed two trials in which they were 
immersed to the level of the neck in 12-15 °C water to induce cold stress and 
then rewarmed by either shivering alone (lying supine in an arctic rated 
sleeping bag) or by shivering (supine in the arctic sleeping bag) plus the 
application of 43 °C water together with periodic cycling of negative pressure 
to the left forearm and hand using the ThermoTube developed by Thermonor 
AS, Norway.  The pressure within the ThermoTube arm unit was computer 
controlled between ambient (0 mmHg) and – 50 mmHg in a saw toothed 
shaped wave cycle of 10 s on and 7 s off. During the first trial, subjects 
remained immersed for 60 minutes, or until their rectal temperature (Tre) had 
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dropped to 35.5 ºC, or on request of the subject, which ever came first.  
During the second trial, immersion was terminated once their Tre showed the 
same change from baseline as was observed during their first immersion. The 
presentation order for the two rewarming conditions was pseudo counter 
balanced across the subject population with the trials separated by a 
minimum of 48 hours. All experiments were conducted at the same time of 
day. Pre- and post-immersion metabolic heat production was estimated from 
V,˙O2 using open circuit spirometry.  Throughout each experiment, core 
temperature was monitored using a rectal thermometer (Tre) (TSD202F, 
BIOPAC Systems Inc, Santa Barbara, CA) inserted by the subject to a depth 
of 15 cm past the anal sphincter, as well as with an ingestible temperature 
capsule (Tpill) (VitalSense® Integrated Physiological Telemetric Monitoring 
system, Mini Mitter, Bend, OR). Skin temperature (Tskin) was monitored at two 
sites (ventral surface of the left forearm and the right side of the chest at the 
level of the 8th/9th intercostal space) by telemetric dermal temperature patches 
(VitalSense® Integrated Physiological Telemetric Monitoring system). At 10 
min intervals throughout the immersion and each rewarming period, subjects 
rated their whole body thermal comfort on a 21-point scale (Enanader et al. 
1979). Rewarming was conducted for a minimum of 2 hours and then 
continued, if necessary, until deep body temperature (either Trec or Tpill) 
returned to ≥36.5 ºC. Ambient air temperature within the laboratory during the 
rewarming period was maintained at 25.4±1.2 ºC (mean±SD) over the course 
of the study.  

RESULTS  

The mean immersion time during the control trials (59.8±10.9 min) was the 
same as that for the ThermoTube trials (59.3±8.1 min; p=0.888).  None of the 
subjects aborted the cold immersions as a result of discomfort. The group 
mean±SD rating for thermal comfort while immersed during the control trials 
was -6.0±1.5 and -5.7±1.4 [i.e., Cold] during the ThermoTube immersion trials 
(p=0.225). There were no differences in Tcore after drop temperature, and 
duration or rewarming rate between the control and ThermoTube trials.  The 
maximum drop in Trec from the baseline to the nadir averaged 1.2±0.54 ºC 
following the control immersions and 1.2±0.61ºC following the ThermoTube 
trials, and was statistically similar to the maximum drop in Tpill temperature 
during the control (1.1±0.53 ºC) and ThermoTube trials (1.1±0.57 ºC) (Table 
1). The only physiological variables to show a significant main effect of 
rewarming condition were V,˙O2, (p<0.05) and Tskin(forearm) (p<0.0001) (Table 
2). During the first 30 minutes of rewarming, the mean V,˙O2 during the 
ThermoTube trials was 15% lower than during the control trials, with this 
difference reducing to 8% during the second hour. Throughout rewarming, the 
median thermal comfort rating averaged 1.3 points higher during with the 
ThermoTube than during the control trials (p<0.05). The time for the whole 
body thermal comfort rating to return to 0 (neutral) during the rewarming 
period was reduced during rewarming with the ThermoTube (mean±SD = 
72.3±39.1 min for the ThermoTube vs. 100.0±34.5 min for the control; 
p<0.05). 
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Table 1.  Comparison of core temperature parameters during rewarming from cold-water 
immersion between shivering alone (Control Trial) and rewarming by applying warm water 
and pulsating negative pressure to the hand and forearm using the ThermoTube. Data are 
means ± SD (n=13 except as where noted). 
 Core Temp 

site 
Control Trial ThermoTube 

Trial 
p Value 

Tre 36.9±0.22 36.9±0.17 0.504 Baseline Temp (°C) 
Tpill 37.0±0.27 37.0±0.20 0.968 
Tre 35.7±0.64 35.8±0.63 0.799 Minimum Temp(°C) 
Tpill (n=10) 35.9±0.51 35.8±0.60 0.436 
Tre 0.7±0.44 0.6±0.35 0.497 After Drop (°C) 
Tpill (n=10) 0.7±0.36 0.9±0.49 0.092 
Tre 54.3±39.6 57.9±30.4 0.721 After Drop Time (min) 
Tpill (n=10) 51.1±42.4 53.1±46.1 0.912 
Tre 0.40±0.39 0.46±0.40 0.322 Rewarming Rate 

(°C/hr) Tpill (n=12) 0.90±0.61 1.15±1.03 0.389 
  
Table 2. Comparison of rewarming method on oxygen consumption, thermal comfort, and 
skin temperature during the first 2 hours of rewarming. C = Control trial: T = ThermoTube 
Trial: * Significant main effect of rewarming method during rewarming period (p<0.05). Bold = 
significantly different from baseline (p<0.0001).  Data are means ± SD (n=13 except as where 
noted). 
 Rewarming time period 
 Baseline 5-35 min 35-65 min 65-125 min 
 C T p C T C T C T 
V,˙O2 
(ml/min)* 

306 
±56 

312 
±59 

0.644 648 
±154 

552 
±138 

364 
±58 

323 
±56 

295 
±42 

270 
±34 

Thermal  
Comfort* 

1.2 
±1.21 

1.0 
±1.22 

0.636 -5.0 
±1.7 

-3.4 
±2.2 

-2.6 
±1.4 

-1.1 
±1.9 

-0.2 
±1.1 

0.8 
±1.4 

Tskin(chest) 
(°C) 

34.0 
±1.4 

33.7 
±1.3 

0.509 26.8 
±1.4 

27.0 
±1.8 

31.1 
±2.0 

31.2 
±1.4 

33.5 
±1.3 

33.5 
±1.1 

Tskin(forearm)

* (°C) 
n=12 

33.6 
±1.10 

33.5 
±1.71 

0.722 25.9 
±1.5 

35.1 
±1.8 

29.9 
±1.4 

39.0 
±1.5 

31.9 
±1.5 

39.5 
±1.4 

 

CONCLUSIONS 

Local rewarming of the hand and forearm with 43 °C water in combination 
with the application of pulsating negative pressure: 

• Is no more effective at rewarming healthy non-anesthetized individuals 
cooled by immersion in cold water than spontaneous endogenous 
rewarming. 

• Reduces the post immersion shivering response and metabolic heat 
production of individuals cooled by immersion in cold water. 

• Improves thermal comfort ratings during the post immersion rewarming 
phase.  
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AN INVESTIGATION OF FOREARM VASOMOTOR AND 
SUDOMOTOR THRESHOLDS DURING PASSIVE HEATING, 

FOLLOWING WHOLE-BODY COOLING.  

Joanne N. Caldwell, Åsa Nykvist, Nicholas Powers, Sean R. Notley, Daniel S. 
Lee, Gregory E. Peoples and Nigel A.S. Taylor  

INTRODUCTION  

In a previous communication to this society (MacDonald et al., 2000), it was 
reported that whole-body cooling, prior to an exercising heat stress, resulted 
in independent and opposite displacements of the sweating and cutaneous 
vasodilatory thresholds. If this observation was correct, it could have 
significant implications for our understanding of human temperature 
regulation. Thus, it was considered necessary to verify these observations, 
and so the purpose of this study was to re-evaluate the influence of whole-
body cooling on the sudomotor and vasomotor thresholds, but now without a 
postural change, and under resting conditions. 

METHODS  

Eight healthy males (age 23.6 y (SD 4.0), height 178.8 m (SD 4.1), mass 
74.9 kg (SD 7.9)) participated in two trials, administered in a balanced order. 
In each trial, subjects wearing only a water-perfusion garment and swimming 
costume were immersed for 45 min in the supine position (head out) in either 
thermoneutral water (control: 33oC) or in gradually cooled water (28-23oC). 
The aim of the latter trial was to extract heat without inducing shivering. 
Following each immersion, and without a postural change, subjects were 
rapidly transferred to a pre-heated climate chamber (28oC, 50% relative 
humidity), with pre-cooled or pre-heated clothing and blankets used to clamp 
body temperature. When inside the chamber, this insulation was removed and 
the perfusion garment was immediately perfused with water at 48oC, and 
passive, supine heating continued until forearm sweating and cutaneous 
vasodilatation were both clearly established.  

Core temperature was measured from the oesophagus (Edale Instruments 
Ltd, U.K.) whilst skin temperatures were measured from eight sites (Edale 
Instruments Ltd, U.K.), with data recorded at 15-s intervals (Grant Instruments 
Ltd., 1206 Series Squirrel, U.K.). Mean body temperature was derived as the 
weighted sum of the core and mean skin temperatures (0.9 * core + 0.1 * 
mean skin). Sweating was evaluated from the dorsal forearm using a 
ventilated sweat capsule (discharged sweat: 3.16 cm2), and from changes in 
skin conductance recorded next to the sweat capsule (precursor sweat: 
SCL/SCR Data Collection System, UFI, Morro Bay, CA, U.S.A.). These data 
were sampled at 1-s intervals. Cutaneous blood flow was also measured from 
the same forearm using laser-Doppler flowmetry (TSI Laserflo BPM2 with a P-
435 laser fibre optic probe, Vasamedics Inc., St. Paul, MN, U.S.A.; 37 internal 
refresh rate ~7 Hz), with data sampled at 20 Hz.  

The thresholds for precursor and discharged sweating, and the vasomotor 
threshold were determined by isolating baseline (pre-threshold) and post-
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threshold data (~1 min). The latter were defined as thermoeffector data that 
had increased above baseline, and continued to rise. First-order regression 
equations were derived for these data sets, and the intersection of these lines, 
determined using simultaneous equations, was taken as the threshold for 
each effector, which was then referenced to the mean body temperature. 

RESULTS  

The respective mean body temperatures, immediately following the control 
and cooling treatments, were 36.3oC (±0.12) and 35.7oC (±0.10; P<0.05). 
Following the control immersion, the mean body temperature thresholds for 
both thermoeffectors were numerically, but not significantly different (Figure 1; 
P>0.05). However, following whole-body cooling, the threshold for precursor 
sweating was elevated by 0.18oC (±0.06; P=0.07), whilst that for discharged 
sweating was raised by 0.21oC (±0.03; P<0.05). Conversely, the vasomotor 
threshold was reduced by 0.35oC (±0.11; P<0.05). For this thermoeffector, the 
change in the pre-heating mean body temperature (0.41 ±0.10oC), relative to 
the control trial, did not differ significantly from its threshold change (P>0.05). 

 
Figure 1: Sudmotor and vasomotor thresholds (mean body temperature) during passive 
(supine) heating, preceded by 45 min of immersion in either thermoneutral (control: 33oC) or 
gradually cooled water (28-23oC). * = significant between-treatment difference (P<0.05); † = 
significant difference between the within-treatment thresholds (P<0.05). 
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CONCLUSION 

To our knowledge, the opposite displacements of these thermoeffector 
thresholds have not previously been described. However, we have shown 
whole-body cooling to delay vasodilatation during subsequent exercise in the 
heat, with the mean body temperature threshold elevated by 0.59oC (P<0.05), 
while the sudomotor threshold was lowered by 0.37oC (P>0.05; MacDonald et 
al., 2000). Thus, pre-exercise cooling induced in a displacement of these 
thresholds in opposite directions, relative to the control condition, resulting in 
a threshold difference of 0.85oC (P<0.05). In that experiment, subjects 
changed from a supine immersion to seated exercise (cycling). 
Notwithstanding this postural change and its affect on skin blood flow, non-
thermal drives will enhance sweating and suppress skin blood flow during the 
early phase of an exercise transition (Kondo et al., 2010), and these affects 
are consistent with the observed threshold changes, and occur over similar 
durations. 

In the current study, the opposite pattern was evident during passive, 
supine heating, following whole-body cooling, and this resulted in a threshold 
difference of 0.64oC (P<0.05) between an earlier vasodilatation and delayed 
discharged sweating. In the control state, one would anticipate vasodilatation 
to occur before the initiation of sweating, and this was observed in both trials, 
but it appeared significantly earlier following cooling, and the threshold 
displacement was equivalent to the change in mean body temperature 
induced by the pre-exposure treatment. This is not the first time that we have 
reported an equivalence between a thermoeffector threshold change and a 
body temperature displacement. This phenomenon was described for the 
reduction in the sudomotor threshold during heated exercise after pre-cooling 
(MacDonald et al., 2000), then following heat acclimation (Patterson et al., 
2004), and again after pre-cooling (Booth et al., 2004). It is clear that these 
thermoeffectors show some independence of the absolute body temperature, 
but appear to be coupled with the change in body temperature. A second 
significant observation from this study is the apparent capacity of these 
thermoeffector thresholds to vary independently, and this characteristic is 
currently being explored. 
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REGIONAL VARIATIONS IN SWEAT GLAND DENSITY, 
INSENSIBLE AND THERMAL PERSPIRATION, AND THE 

ELECTROLYTE COMPOSITION OF SWEAT: PHYSIOLOGISTS, 
MODELLERS, ENGINEERS, LEND US YOUR EARS 

Nigel A.S. Taylor and Christiano A. Machado-Moreira 

INTRODUCTION  

Preliminary investigations describing regional variations in human eccrine 
sweating were previously reported to this society (Cotter et al., 1994), with the 
culmination of this research described in Piran (Taylor & Machado-Moreira, 
2007). Since then, this work has been extended by gathering data from the 
literature pertaining to the regional distribution of insensible perspiration, 
eccrine sweat gland densities, and the flow and composition of thermal 
sweating. Herein, a unified summary of this information is presented. 

REGIONAL DIFFERENCE IN INSENSIBLE PERSPIRATION  

Insensible water loss includes that which evaporates from pulmonary 
surfaces and the skin. The latter, which represents about 50% of the 
insensible water loss, does not involve sweat gland recruitment, but results 
from vapour diffusing through the epidermis, although these glands behave as 
conduits for this diffusion. This vapour flux, which is generally accepted to be 
~15 g.h-1, is influenced by the thickness of the stratum corneum, local tissue 
temperature, the boundary layer water vapour pressure and posture. 

Four groups have investigated the regional distribution of insensible 
perspiration: Galeotti and Macri (1914), Ikeuchi and Kuno (1927), Burch and 
Sodeman (1943), Park and Tamura (1992). Each reported qualitatively similar 
water loss patterns, with whole-body rates of 0.04, 0.02, 0.07 and 0.04 
mg.cm-2.min-1 (respectively). Assuming a body surface area of 1.8 m2, these 
equate with flows of 42.7, 25.7, 75.9 and 43.4 g.h-1. Regional differences in 
water loss will be reported during the presentation. However, the hands and 
feet experience considerable vapour loss (80-160 g.h-1 (hands), 50-150 g.h-1 
(feet)), the head and neck have intermediate losses (40-75 g.h-1), whilst all 
other sites reveal uniformly low water-vapour diffusion rates (15-60 g.h-1). 

VARIATIONS IN SWEAT GLAND DENSITY  

Regional differences in eccrine gland densities were determined using data 
drawn from six anatomical (113 data sets with 54 individuals) and 30 
physiological studies (319 data sets and 704 participants). Only adult data 
were included, and men and women were treated collectively. 

From the analysis of these data, one can confidently suggest that a 
standardised individual (1.8 m2) will have ~2.06 million functional glands (95% 
confidence interval: 1.75-2.37 million). The combined dimensions of these 
glands is quite impressive: total mass 72 g, total volume 8.2 cm3 and total 
length 12.6 km. Regional distributions will be reported for 14 sites, with the 
highest density found on the volar finger (532 glands.cm-2) and the lowest on 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 137 

the upper lip (16 glands.cm-2). Indeed, the volar surfaces of the hands and 
feet possess >300 glands.cm-2, with these sites accounting for only 5.2% of 
the total body surface area, yet they have ~25% of the total number of sweat 
glands. Clearly, these glands serve functions beyond temperature regulation.  

THE DISTRIBUTION OF THERMAL SWEAT SECRETION  

A wide range of thermal and non-thermal factors stimulate sweating, with 
regional differences being associated with anatomical and physiological 
variations. Herein, the focus is upon thermal sweating. Sixteen resting (191 
subjects) and 19 exercising studies (205 participants) were identified in which 
sweat secretion from several sites was simultaneously measured. These data 
were combined for the current analyses, but restricted to adult men and 
women. A broad range of thermal stimuli were applied, with subjects tested in 
various postures. In the exercising studies, both dynamic and static exercise 
was performed, and data were generally chosen from the more stressful 
states. Finally, sweat rates were measured using a variety of techniques: filter 
paper, sweat capsules and sweat patches.  

Regional variations will be presented for 14 sites, for which the resting 
sweat rate averaged 0.36 mg.cm-2.min-1 across all sites and studies. For 
passive heating at rest, the head (0.99 mg.cm-2.min-1), dorsal fingers (0.62 
mg.cm-2.min-1) and back (0.59 mg.cm-2.min-1) displayed the highest sweat 
rates, with the thighs and legs secreting the least (0.12 mg.cm-2.min-1). The 
volar hand and foot surfaces had the highest glandular densities, but the 
lowest glandular flows. In comparison with the torso sites, these volar 
surfaces have about five times more sweat glands, yet the sweat gland output 
from the torso is approximately 7-15 times greater. For most sites, sweat 
secretion matched glandular density. However, the face produced 4-7 times 
greater glandular flow relative to the palms and soles, but had only half the 
density. Assuming 100% evaporation, the back, thighs and legs will dominate 
heat loss at rest, and account for almost 50% of the whole-body potential for 
evaporative cooling. The collective contribution of the torso sites was ~40%.  

During exercise, mean sweat flow increased to 0.93 mg.cm-2.min-1, and it 
was of interest to know whether or not the resting distribution of sweat was 
retained. The current distillation involved 156 separate data sets, and 
revealed that, whilst absolute flows increased, the torso contribution declined 
slightly (34%). Nevertheless, sweat loss and the evaporative potential at each 
site remained proportional to its surface area: head 14%, hand 6%, upper 
limbs 12%, torso 34%, lower limbs 30% and feet 4%. One may therefore 
conclude that exercise is not associated with a redistribution of sweating. 
Instead, glandular output merely becomes more homogeneous.  

There are limitations to the use of these retrospective data, particularly due 
to the wide range of methodological variations across studies. Fortunately, the 
current laboratory has completed a standardised series of studies in which 
sweat distribution was evaluated across 45 sites (Taylor et al., 2006; 
Machado-Moreira et al., 2008a, 2008b, 2008c; Smith et al., 2011). These data 
were obtained from seated subjects (36oC and 60% relative humidity) wearing 
a water-perfusion suit (40-46oC). Steady-state sweat rates were measured 
using ventilated sweat capsules, and data were collected at rest (49 subjects 
across five studies) and during step increments in exercise intensity (cycling: 
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46 participants in six studies). In the latter studies, trials terminated with core 
temperatures from 38.9-39.7oC. The maximal to minimal sweat rates differed 
by a factor of eight at rest (forehead 0.99 mg.cm-2.min-1, anterior leg 0.12 
mg.cm-2.min-1) and nine during exercise (forehead 3.39 mg.cm-2.min-1, palm 
0.38 mg.cm-2.min-1). Notwithstanding this variability, there was no evidence to 
support an hierarchical distribution of sweating. Indeed, higher secretion rates 
at any site seem only to reflect that site approaching its full secretion potential, 
and the following generalisations obtain: (1) Head: secretion from areas inside 
the hairline was only ~45% of that from the forehead. (2) Torso: sweating was 
highest on the back, particularly the lumbar region, followed by the chest and 
abdomen, with chest sweating being ~70% of that produced on the back. (3) 
Hand and feet: the volar surfaces produced only ~65% of the sweat produced 
by the dorsal sites, although both surfaces of the fingers sweat quite 
profusely. (4) Limb sweating: secretion from the lower limbs amounted to 
~65% of that produced by the upper limbs, the upper arms sweat less (65%) 
than the forearms, while the ratio of thigh to leg sweating approached unity. 

VARIATIONS IN THE COMPOSITION OF SWEAT 

Sodium and chloride sweat losses vary with glandular flow. For whole-body 
sweating at rates from 0.72-3.65 mg.cm-2.min-1, sodium loss would be 26.5-
49.7 mmol.L-1, with chloride loss being 26.79-36.66 mmol.L-1. However, sweat 
sodium concentration can double over the physiological range for sweating. 
Therefore, reporting sweat composition without whole-body or site-specific 
flows, offers little useful information, and these facts make the modelling of 
sweat composition more complex. 

Thirteen papers were identified that provided simultaneous sweat secretion 
and composition data. These will be summarised in the presentation, with 
regional differences largely reflecting local variations in physiological function. 
However, three-fold differences in electrolyte loss were observed across skin 
regions, but there were no meaningful correlations across regions between 
concentration differences, and either sweat rate or the glandular output 
derived at rest and during exercise. For instance, at the palm, which has a 
very high glandular density, but a low glandular flow, sweat sodium and 
chloride concentrations were at their lowest. Unfortunately, our understanding 
of the physiology of eccrine glands at the glandular level does not currently 
allow one to explain these regional variations. 

CONCLUSION 

Regional variations in insensible perspiration, eccrine sweat gland 
densities, sweat rates and electrolyte losses have now been established for 
resting and exercising states. From these observations, one can conclude that 
evaporative heat loss is roughly proportional to each local surface area during 
both rest and exercise. Thus, from a regulatory perspective, there appears to 
be little evidence that supports the possibility of an hierarchical distribution of 
these sudomotor responses under either state. 
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UNRAVELLING SOME OF THE COMPLEXITIES CONCERNING 
THE NEURAL CONTROL OF HUMAN ECCRINE SWEATING 

Christiano A. Machado-Moreira, Peter L. McLennan, Stephen Lillioja, Joanne 
N. Caldwell, Wilko van Dijk and Nigel A.S. Taylor 

INTRODUCTION  

The widely accepted, though not unequivocal, opinion concerning thermal 
and psychological (psychogenic) sweating is that the former is cholinergically 
mediated (Dale & Feldberg, 1934), while the latter is of noradrenergic origin 
(Robertshaw, 1977). Moreover, psychological sweating is thought to be 
elicited by a different neural centre (Ogawa, 1975), possibly through separate 
pathways (Chalmers & Keele, 1952) that exclusively innervate the glabrous 
(non-hairy) skin of the hands and feet (Darrow, 1937; Kuno, 1956; Ogawa, 
1975). Evidence for the cholinergic modulation of thermal sweating is 
incontrovertible. However, evidence supporting the theoretical control of 
psychological sweating is less than convincing. 

Following observations of Chalmers & Keele (1952) and Kuno (1956), first 
Ogawa (1975), and then Ogawa et al. (1977) hypothesised the existence of 
separate non-thermal pathways, and this was further developed by Iwase et 
al. (1997). Their hypothetical model, in addition to assigning thermal sweating 
to the non-glabrous (hairy) sites and psychological sweating to glabrous skin 
surfaces, proposed the existence of inhibitory affects of thermal loading upon 
psychological sweating, and of psychological stress upon thermal sweating. 
Two recently completed projects were designed to test the underlying 
assumptions of this model, and this research is summarised below. 

METHODS  

The first project involved six separate experiments conducted across eight 
body segments, in which 38 glabrous and non-glabrous skin sites were 
studied in 30 passively heated individuals. For this work, core temperature 
was first elevated by ~0.5oC and clamped, using a combination of heated air 
(36oC, 60% relative humidity), and heated water passed through a water-
perfusion garment (40-46oC; Figure 1). This led to the establishment of low-
intensity, steady-state thermal sweating, the purpose of which was to provide 
the best possible opportunity for sweat glands to respond to psychological 
stimulation: mental arithmetic (1 min) and a painful stimulus (15 s of strong 
palmar pressure). Sweating responses were evaluated from discharged 
sweat, measured using ventilated sweat capsules (1.40 and 3.16 cm2) glued 
to each site, to prevent leakage and pressure-induced artefacts. 

In the second project, nine subjects participated in a four-phase 
experiment, in which palmar pain, mental arithmetic and static, handgrip 
exercise were used to evoke sweating in the first three treatments, performed 
in series. The first state was thermoneutral rest (air: 27-28oC). These stimuli 
were reapplied following passive, whole-body heating (water-perfusion 
garment (48oC) and foot bath (42oC); Figure 1) that induced a core 
temperature elevation of 0.5oC above its thermoneutral level. This thermal 
state was then clamped, and a systemic atropine sulphate infusion (0.04 
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mg.kg-1) was administered intravenously. Water bath and perfusion garment 
temperatures were modified to sustain the clamp, with core temperature 
changing by <0.1oC. This clamping was essential to prevent the gradual rise 
in core temperature that would otherwise accompany a systemic cholinergic 
blockade within hot conditions. Finally, in the fourth phase of these trials, 
heating was increased in an attempt to re-establish thermal sweating. 
Discharged sweating responses were measured from the forehead, right 
forearm (dorsal surface), right hand (dorsal and palmar surfaces), and the 
right calf (upper medial surface) using ventilated sweat capsules (3.16 cm2), 
with primary sweating evaluated from changes in palmar skin conductance. 

 
Figure 1. Experimental set-up showing the water-perfusion garment and water bath used to 
heat and clamp body temperature.  

RESULTS  

In the first series of experiments, both psychological stimulation and acute 
pain resulted in significant elevations in sweat secretion from more than 70% 
of the sites investigated (psychological: 28 of 38 sites (P<0.05); pain: 23 of 32 
sites (P<0.05)). These changes were evident within both the glabrous and 
non-glabrous skin surfaces, and occurred without changes in mean body 
temperature (P>0.05). Indeed, there were no consistent sudomotor response 
differences between the glabrous and non-glabrous skin surfaces, and at no 
site was thermal sweating inhibited during a non-thermal stimulation.  

During the blockade trials, the non-thermal treatments elicited significant 
sweating only from the palm when subjects were thermoneutral (P<0.05), and 
this secretion was evident from both the sweat capsule and skin conductance 
measures. However, following passive heating, these stimuli induced 
secretion from every site (P<0.05), as observed within the first experimental 
series. Conversely, with the establishment of the cholinergic blockade, none 
of these non-thermal challenges could evoke either primary or discharged 
sweating (P>0.05). But when the thermal clamp was removed, and core and 
skin temperatures were deliberately driven upwards, thermal sweating was 
restored (P<0.05), even though each subject was still under the influence of 
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atropine. Since atropine is a competitive antagonist for acetylcholine, it can be 
assumed that this blockade breakthrough occurred due to a thermally 
mediated increase in acetylcholine release. Therefore, residual sweating in 
the presence of such a blockade cannot simply be assumed to represent 
evidence for the participation of other neurotransmitters in the control of this 
sweating.  

CONCLUSION 

Observations from the first series of experiments appear to refute the 
existence of the independent modulation of either thermal or psychological 
sweating from separate skin surfaces. Indeed, both forms of secretion appear 
to be ubiquitous. Furthermore, these experiments failed to show any evidence 
for a reciprocal inhibition of sweating, as first postulated by Kuno (1956).  

The second experiment, through the use of a thermal clamp during a 
cholinergic blockade, has established the dependence of both thermally and 
non-thermally mediated sweating upon acetylcholine, from both the glabrous 
and non-glabrous skin surfaces. Indeed, the complete absence of sweating 
during the blockade makes it highly unlikely that any other neurotransmitter 
was significantly participating in these sudorific responses prior to the 
blockade. Moreover, whilst these observations unequivocally confirm the 
cholinergic determination of thermal sweating (Chalmers & Keele, 1952; 
Foster & Weiner, 1970), they also now extend this control to include these 
non-thermal sudomotor drives, for which noradrenergic efferents had 
previously been postulated (Robertshaw, 1977; Nakazato et al., 2004).  
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HEAT LOSS RESPONSES DURING PASSIVE HEATING WITH 
DIFFERENT TYPES OF PHYSICAL TRAINING 

Tatsuro Amano, Anna Ooue, Yoshimitsu Inoue & Narihiko Kondo 

INTRODUCTION  

     Endurance training improves heat loss responses as demonstrated by the 
lower core temperature threshold for the onset of heat loss responses and the 
higher slope of the relationship between core temperature and heat loss 
responses (Nadel et al. 1974). In addition, the sweating rate (SR) during 
cycling in heat is greater in endurance runners, sprinters and untrained 
individuals (Irion 1987). However, whether the core temperature threshold and 
slope of the heat loss responses differ between different types of physical 
training is unknown. Thus, we conducted passive heating to investigate heat 
loss responses in distance runners, sprinters and untrained men. In addition, 
peripheral sweat gland function was evaluated by an acetylcholine-induced 
sweating response using iontophoresis in the three groups. 

METHODS  

     Nine distance runners, 11 sprinters and 8 untrained men participated in 
this study (Table 1). Subjects rested in the supine position with water 
perfusion suits in a climatic chamber that was regulated at an ambient 
temperature of 27°C and relative humidity of 50%. After exposure to 
thermoneutral conditions for 50 min, hot water was perfused into the suits for 
50 min to increase the oral temperature by 1°C. The heart rate (HR); blood 
pressure; oral temperature; local skin temperatures on the face, chest, back, 
forearm, thigh and palm; SR and cutaneous vascular conductance (CVC) on 
the chest, forearm, thigh and palm were continuously measured during 
passive heating. The mean SR and CVC values from non-glabrous skin sites 
were calculated. All experiments were conducted in the afternoon between 
14:00 and 18:00 hours to exclude any effects of circadian rhythm. 

Table 1. Physical and physiological characteristics in distance runners, sprinters and 
untrained men.  

Variable Distance runners Sprinters Untrained men 
Age (years) 20.1 ± 0.3 20.5 ± 0.5 20.8 ± 0.6 
Height (m) 1.72 ± 0.02 1.72 ± 0.02 1.70 ± 0.02 
Weight (kg) 57.8 ± 2.1# 64.9 ± 1.4 58.8 ± 1.8 
Body surface area (m2) 1.70 ± 0.04 1.77 ± 0.02 1.38 ± 0.03 
V
．
O2max (mL/kg/min) 59.1 ± 1.2*‡ 50.9 ± 1.2* 38.2 ± 1.8 

Values are the mean ± SEM for 9 distance runners, 11 sprinters and 8 untrained men. 
V
．
O2max: maximal oxygen uptake. *Significantly different vs. untrained men, P < 0.01. 

‡Significantly different vs. sprinters, P < 0.01. #Significantly different vs. sprinters, P < 0.05. 

     In addition, 10 distance runners, 11 sprinters and 11 untrained men 
underwent acetylcholine iontophoresis on a day other than that of passive 
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heating. The physical and physiological characteristics in the groups were 
similar to those of passive heating. 

RESULTS  
     The maximal oxygen uptake (V

．
O2max) was significantly greater in distance 

runners, sprinters and untrained men (Table 1). The weight in distance 
runners was significantly less than that of sprinters (Table 1). No significant 
differences in age, height or body surface area existed among the groups 
(Table 1). 
     The change in HR during passive heating was significantly lower in 
distance runners than in other groups, while the changes in mean arterial 
blood pressure (MAP) among the groups were similar throughout passive 
heating. 
     The change in oral temperature was lower in distance runners than in the 
other two groups, while the change in mean skin temperature throughout the 
passive heating was similar among the groups.  
     The oral temperature thresholds for mean SR and mean cutaneous 
vasodilation were significantly lower in distance runners than in sprinters and 
untrained men (Fig. 1). The slope of mean SR was significantly higher in 
distance runners than in untrained men, and the slopes in sprinters and 
untrained men were not significantly different (Fig. 1). The slopes of the mean 
CVC, however, were not significantly different among the groups (Fig. 1). 

Fig. 1. The relationships between oral temperature and mean SR and CVC. Values are 
expressed from the onset of the SR and cutaneous vasodilation to the plateau level. 

     The acetylcholine-induced SR was significantly greater in distance runners 
than in other groups. However, no marked difference was observed between 
sprinters and untrained men (Fig. 2).  



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 146 

 
Fig. 2. Acetylcholine-induced SR in distance runners, sprinters and untrained men (#P < 
0.05).  

DISCUSSION 

     The results of this study suggest that training in distance runners lowers 
the oral temperature threshold for the onset of SR and cutaneous vasodilation 
and increases the SR slope associated with enhanced sweat gland function. 
However, the training of sprinters does not affect the SR and CVC responses 
during passive heating and acetylcholine-induced SR. 
     Lower core temperature thresholds for heat loss responses were 
suggested to be related to the core temperature at rest (Buono et al. 1998). 
The oral temperature at rest in distance runners was significantly lower than 
that of sprinters and untrained men, and that of sprinters was not significantly 
different from that of untrained men in this study. Thus, the differences in oral 
temperature thresholds for the onset of heat loss responses among the 
groups might have been due to the different oral temperature at rest 
associated with the different training adaptations in the athletes.  
     The higher slope of the relationship between core temperature and 
sweating response following exercise training was considered to be due to the 
enhancement of peripheral sweat gland ability (Nadel et al. 1974). Thus, the 
results of the mean SR slope and acetylcholine-induced SR in this study 
indicate that the sweating responses in distance runners improved at the level 
of the sweat gland and that the sweating response in sprinters would be 
similar to that of untrained men. 
     A 10%–15% increase in V

．
O2max was suggested as necessary to improve 

the heat loss responses by exercise training (Pandolf 1979). Although the 
V
．
O2max in sprinters was 33% greater than that of untrained men, the heat loss 

responses between the groups were similar in this study. Therefore, 
explaining similar sweat responses between sprinters and untrained men is 
difficult based on the difference in V

．
O2max. The increase in heat loss 

responses during daily trainings associated with the core temperature 
increase is important to enhance the heat loss responses (Gisolfi and Cohen 
1979). Because the core temperature does not change during short-term, 
intensive cycle exercise, even under hot conditions (Linnane et al. 2004), the 
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increase in core temperature during daily exercise training in sprinters may 
not be enough to enhance heat loss responses.  
     In conclusion, our results suggest that training of distance runners, not 
sprinters, improves heat loss responses during passive heating. 
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CLINICAL EVALUATION OF A NEW NON-INVASIVE SENSOR 
FOR CONTINUOUS CORE BODY TEMPERATURE 

MEASUREMENT IN HUMANS 

Gunga HC, Opatz O, Stahn A, Werner A, Sandsund M, Reinertsen RE, Sattler 
F & Koch J 

INTRODUCTION  

Accurate measurement of the core body temperature (cbt) is fundamental 
to the study of human temperature regulation. As standard sites for the 
placement of cbt measurement sensors have been used: the rectum, the 
esophagus, the nasopharynx and the acoustic meatus. Nevertheless those 
measurement sites exhibit limited applicability under field conditions and in 
rescue operations. Recently a non-invasive cbt sensor (Double Sensor)(a) has 
been developed (Gunga et al. 2008, Gunga et al 2009). It was the aim of the 
present investigations to evaluate the applicability of this Double Sensor in 
humans under different occupational and clinical setting. 

METHODS  

Study (A): N=20, thermal and cardiovascular data were collected during 
different experimental set-ups at 10, 25, and 40°C ambient temperatures. 
Study (B) clinical setting, cbt during deep hypothermia (14-16 °C) in 24 
patients. For compairsion Double sensor versus standard cbt methods (rectal, 
vesical) different statistical methods were applied. 

RESULTS  

Study (A) revealed that i) the device under test differed between –0.16 to 
0.1°C from the average of the rectal temperature and the Double Sensor, ii) 
showed with increasing ambient temperatures increasing concordance 
correlation coefficients (CCC) (10°C:0.49; 25°C:0.69; 40°C:0.75), and iii) 
exhibited a faster temperature decrease at all resting periods at all ambient 
conditions as compared to rectal temperature (P<0.01). Study (B) depicted 
that the sensor showed great accuracy (Lin‘s CCC=95%) and reflects in a 
dense temporal pattern the reperfusion rate of a body part after occlusion of 
the great vessels. 

CONCLUSION  

The device under test seems to be a reliable method of assessing core 
temperature under different environmental and clinical conditions.  
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EVALUATION OF DIFFERENT HEAT FLUX SENSORS FOR 
THE USE IN HUMAN SUBJECT STUDIES 

Niedermann Reto, Psikuta Agnes, Rossi René M.  

INTRODUCTION  

The direct measurement of heat dissipation with a heat flux sensor on 
human skin was used by several researchers in physiological studies (Gin et 
al., 1980, Zhang et al., 1993, Danielsson, 1990, Ducharme and Tikuisis, 1991, 
Ferretti et al., 1989). The sensors need to be accurately calibrated (Ducharme 
and Frim, 1991) and the measured value corrected (Frim and Ducharme, 
1993). In addition, Perl et al. (2004) recommended calibrating the heat flux 
sensors before using, thus correcting inappropriate calibration factors 
delivered by manufacturers. However, the calibration methods introduced in 
the mentioned studies were different. Some of the researchers kept using 
manufacturer’s calibration factors, whereas others used self-made 
instruments to calibrate their sensors. These self-made instruments had 
different geometries (plate, cylinder) and demonstrated distinct heat transfer 
mechanisms (convection, radiation, conduction). Therefore, a comparison of 
calibration methods is needed to understand the differences in obtained 
calibration factors. 

 The aim of this work was to evaluate the performance of different 
commercially available heat flux sensors on heated instruments of various 
geometrical forms and heat transfer mechanisms. 

METHODS  

We chose three commercially available heat flux sensors based on 
different carrier materials but using the same measurement principle 
(Seebeck effect). Table 1 shows some relevant technical parameters of the 
heat flux sensors. 

Table 1. Selected technical parameters of heat flux sensors used in this study. 

Parameter Unit 
Omega 
HFS-4 

Captec 
Hukseflux 
PU 22T 

Thickness [mm] 0.18 0.40 1.0 
Material carrier [-] Polyimide film Coopered foil Polyurethane 
Nominal 
sensitivity1 [µV/Wm-2] 1.76 2.34 40.3 

Thermal 
resistance [m2K/W] 0.004 0.006 0.004 

1given by manufacturer as a calibration factor 

We attached these sensors onto heated surfaces with different geometries 
and heat transfer mechanisms involved (Table 2). The sensors were fixed to 
the heated surface using surgical tape (Fixomull stretch, BSN Medical, 
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Germany) covering the whole sensor. The results were corrected due to 
thermal resistance of the sensor and the tape using equations by Wissler and 
Ketch (1982). 

Table 2. The used heated surfaces and conditions of experiments (Ts: surface temperature, 
Ta: ambient temperature, va: air velocity) 

Heated device Geometry Surface condition 
Main heat  
transfer 

mechanism 

Hot plate1 horizontal flat 
plate 

Ts = 35°C, Ta = 20°C 
va = 1.0 ms-1 

convection,  
radiation 

Double hot plate2 flat plate Ts = 35°C, ΔT = 3 °C,  
Ta = 20°C conduction 

Heated cylinder3 
(nude) 

Vertical  
cylinder 

Ts =28 °C, Ta = 20°C, 
va = 0.35 m/s 

convection,  
radiation 

Heated cylinder3 
(under 3 mm of 
spacer fabric) 

Vertical  
cylinder Ts = 34 °C, Ta = 20°C conduction 

Heated cylinder3 
(under 6 mm of 
spacer fabric) 

Vertical  
cylinder Ts = 38 °C, Ta = 20°C conduction 

1 according to ISO 11092 (1993) 
2 according to ISO 5085 (1989) 
3 described by Psikuta et al. (2008). Constant heating power was set on the device rather than 
constant surface temperature to ensure highly stable heat flow. The spacer fabric was used to 
ensure homogenous insulation over the whole surface. 

We calibrated three heat flux sensors using devices and settings listed in 
Table 2. Subsequently, we calculated the calibration factors representing the 
slope of the calibration line with zero intercept for each combination. In this 
way, an independent comparison of various calibration methods was possible, 
although different heat exchange regimes were involved.  

RESULTS  

The differences in average calibration factor between heated surfaces and 
the factor of the manufacturer is listed in Table 3. The calibration factors are 
shown in Figure 1. 

Table 3. Differences in average calibration factors compared with manufacturer’s factor and 
these obtained using the different heated devices. nr: not reported 

Heated device Omega HFS-4 Captec Hukseflux PU 22T 

Hot plate [%]  -  44  - 4 + 9 
Double hot plate [%]  + 28  +24 + 12 
Heated cylinder (nude) [%]  + 27  - 15 - 9 
Heated cylinder [%]  
(under 3 mm of spacer fabric) 

 + 43  + 8 - 1 

Heated cylinder [%] 
(under 6 mm of spacer fabric) 

 + 39  + 5 - 1 

Accuracy of sensor [%]  nr  nr ± 5 
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 Figure 1. The calibration factors for Omega HFS-4, Captec and Hukseflux PU 22T obtained 
 using methods listed in Table 2.  
 Man.: Manufacturer, HP: Hot plate, DHP: Double hot plate, HC: Heated cylinder     
  

DISCUSSION  

We found differences in the calibration factors of up to 61 % between the 
heated surfaces (Figure 1). Only some of the obtained calibration factors 
matched with the manufacturer’s calibration factors which accept an error of ± 
5 % in case of Hukseflux PU 22T (Table 3). In addition, the calculated heat 
fluxes from these calibration factors showed the same differences expressed 
in percent due to the fact of a one factor linear calculation. These so 
measured heat flux differences strongly influence the result of models and 
prediction parameters if heat flux is used as input parameter.  
Whenever convection was involved as the main heat transfer mechanism, the 
calibration factors were lower than those obtained under prevailing conduction 
conditions. This observation was consistent for all heat flux sensors within the 
same geometry of the heated surface (flat plate and cylinder). 
We found no consistency between calibration factors obtained for the same 
geometry of the heated surface but for different heat transfer mechanisms.  
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CONCLUSIONS 

We conclude that the manufacturer’s calibration factors are not always valid 
for different possible measurement settings. In most cases the manufacturer’s 
calibration method is an internal know-how of the company and is not 
reported. Furthermore, the calibration method should correspond to the 
intended purpose of use and, therefore, a respective calibration setting, such 
as a nude or covered vertical cylinder should be chosen for human subject 
studies.    
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TEMPERATURE PILL TRACKS RECTAL BUT NOT 
ESOPHAGEAL TEMPERATURE DURING SHORT HIGH 

INTENSITY EXERCISE 

Lennart Teunissen, Arnold De Haan, Jos De Koning & Hein Daanen  

INTRODUCTION  

Core temperature measurement with an ingestible telemetry pill during 
rapid changes in body heat content has been scarcely investigated. Therefore 
we aimed to compare the temperature pill to rectal and esophageal 
temperature during high intensity exercise in the heat.  

METHODS  

In this study, nine subjects performed a protocol of rest, exercise and 
recovery in 30°C. Pill temperature (Tpill) was compared to esophageal (Tes) 
and rectal temperature (Tre). Exercise consisted of 10 min submaximal cycling 
and 8 min maximal cycling with 2 min rest in between.  

RESULTS  

Tpill corresponded well to Tre but deviated from Tes during exercise and 
recovery (figure 1), differing 0.13±0.26°C and -0.57±0.53°C respectively 
during maximal exercise. Limits of agreement for the entire trial were [-0.37; 
0.65°C] for Tpill-Tre and [-0.97; 1.05°C] for Tpill-Tes. Response time and rate of 
change during exercise were similar for Tpill and Tre, while Tes responded and 
increased significantly faster. Peak Tpill did not differ from peak Tre, while peak 
Tes was 0.42±0.46°C higher, with individual extremes up to 1.21°C. 
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CONCLUSION 

For monitoring core temperature during high intensity exercise in the heat, 
Tpill provides a good index of Tre but does not track the rapid changes and 
peak values of Tes. 
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CUTANEOUS THERMAL THRESHOLDS  
OF TROPICAL INDIGENES RESIDING IN JAPAN 

Joo-Young Lee, Ilahm Bakri, Sayo Toramoto & Yutaka Tochihara  

INTRODUCTION  

Acclimation (short-term and artificial) is considered to be a reversible 
response (Prosser 1991). Heat acclimation vanishes within a few days or 
weeks after the cessation of heat exposure (Adam et al. 1960; Garrett et al. 
2009). With regard to heat acclimatization (long-term and natural), although 
the decay in heat acclimatization has received relatively little attention due to 
methodological limitations, some reports have indicated that the naturally 
acquired heat acclimatization of tropical indigenes may decay during their 
prolonged residence in temperate climates, signifying its time-dependent 
nature (Lee et al. 2004). Hitherto, studies on the decay of heat acclimatization 
have centered on thermal effector responses, while studies on cutaneous 
thermal perceptions in humans as a primary afferent mechanism are relatively 
rare. It remains unknown whether heat adaptive cutaneous thermal sensitivity 
traits that developed in the tropics decay during prolonged residence in a 
temperate climate. Furthermore, there is a dearth of information about 
whether morphological factors are involved in cutaneous thermal sensitivity. 
Therefore, we hypothesized that 1) the heat adaptive cutaneous thermal 
sensitivity traits of tropical indigenes who were born and raised in the tropics 
but subsequently live in temperate climates are retained and 2) individuals 
who have a greater body surface area to body mass are more sensitive to 
cutaneous thermal stimuli. 

METHODS  

Thirteen male students, who were born in tropical countries but were living 
in Japan, participated in this study (Tropical group: one Indonesian, 2 
Malaysians, 2 Nigerians, 1 Filipino, 1 Sri Lankan, 1 Thai, 1 Venezuelan, and 4 
Vietnamese). The tropical indigenes had lived in Fukuoka, Japan, for 28 ± 20 
months (min. 5 – max. 61 months). As a control group (Temperate group), 
one Chinese and 10 Japanese male students participated. All of the 
temperate indigenes were born and raised in Japan or China, which have 
temperate climates. Peripheral hot, warm, cool, and cold thresholds were 
measured at 12 body regions (the forehead, cheek, the back of the neck, 
chest, abdomen, upper back, upper arm, forearm, palm, thigh, calf, and dorsal 
foot) using a thermal stimulator that was controlled by a Peltier element 
according to the method described by Lee et al. (2010). All subjects practiced 
making thermal threshold discriminations, learning how to press the button-
switch as soon as they perceived a feeling of ‘warmth’, ‘coolness’, ‘hot’, or 
‘cold’. The climatic chamber was maintained at an air temperature of 28oC 
and a relative humidity of 50% so that the participants did not feel any thermal 
discomfort when lying in a supine position on a portable net bed in a semi-
nude state. All threshold measurements were repeated three times, and the 
mean value of the three measurements was presented.   
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RESULTS  

For the tropical indigenes, no significant relationship was found between 
the duration of the stay in Japan and cutaneous thermal threshold values 
(Fig.1a), while the threshold temperature for warmth had a negative 
relationship with the body surface area to body mass ratio (Fig. 1b). 

 
Fig 1. Relationships of cutaneous warmth thresholds with the duration of stay in Japan (a) 
and body surface area to body mass (b) for tropical indigenes. 

   The thermal sensitivities of the temperate indigenes to hot, warm, cool, and 
cold sensations were greater than those of the tropical indigenes in all body 
regions (Fig. 2), and the difference was more marked for cold sensations than 
for warm, hot, or cool sensations. Regarding the overall-weighted value of 
noticeable increases in temperatures from a neutral state at which the 
participants considered their skin to be warm, the tropical and temperate 
indigenes noticed that their skin was warm after temperature increases of 5.8 
± 1.9oC and 2.5 ± 0.8oC, respectively, and they considered their skin to be hot 
after temperature increases of 8.9 ± 2.3oC and 5.4 ± 1.5oC, respectively, 
(p<0.001). During cooling, the tropical and temperate indigenes described 
their skin as cool after temperature decreases of 5.7 ± 2.8oC and 1.5 ± 0.6oC, 
respectively, and as cold after temperature decreases of 11.0 ± 5.5oC and 3.7 
± 1.4oC, respectively (p<0.001).  
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Fig 2. Noticeable temperatures at which cutaneous warm, hot, cool, and cold sensations were 
detected by the tropical and temperate indigenes (FH: Forehead, CK: Cheek, NK: Neck, CH: 
Chest, AB: Abdomen, BK: Upper back, UA: Upper arm, FA: Forearm, PM: Palm, TH: Thigh; 
CF: Calf, FT: Foot; Values are presented as the mean ± SD). 

   The body region that was most sensitive to warming was the face or neck, 
while the most insensitive region was the calf in both the tropical and 
temperate indigenes (p<0.05). However, for cool and cold sensations, the 
tropical indigenes showed no significant differences among the 12 body 
regions. Regarding the overall Tsk at cutaneous thermal thresholds, the 
tropical indigenes detected hot, warm, cool, and cold sensations at 43.8 ± 2.4, 
40.7 ± 2.0, 27.9 ± 2.9, and 22.4 ± 5.8oC, respectively, while the temperate 
group detected these sensations at 40.5 ± 1.6, 37.7 ± 0.9, 32.4 ± 0.9, and 
30.2 ± 1.6oC, respectively. All of the differences in the overall thermal 
thresholds between two ethnic groups were significant (p<0.001), and the 
group differences were more marked for cold and cool sensations than for hot 
and warm sensations.  
   The inter-threshold sensory zones in the 12 body regions were wider in the 
tropical indigenes than in the temperate indigenes both between warm and 
cool sensations and between hot and cold sensations. Figure 3a represents 
the overall weighted values of the inter-threshold zones. The inter-threshold 
sensory zone between the warm and cool sensations had a mean 
temperature range of 11.6 ± 4.1oC in the tropical indigenes and a mean 
temperature range of 4.0 ± 1.3oC in the temperate indigenes (p<0.001). With 
regard to the inter-threshold zone between cold and hot sensations, the inter-
threshold sensory zone had mean temperature ranges of 19.9 ± 6.4oC and 
9.1 ± 2.6oC in the tropical and temperate indigenes, respectively (p<0.001). 
On average, the tropical indigenes had 3oC higher warm and hot thresholds 
than the temperate indigenes, while the tropical indigenes showed 
approximately 4oC and 8oC lower thresholds for cool and cold sensations, 
respectively, compared to the temperate indigenes. The cutaneous thermal 
buffer zone between the warm and hot sensations displayed a similar range in 
both the tropical (3.1 ± 1.0oC) and temperate indigenes (2.8 ± 1.1oC) (Fig. 3b); 
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however, for the buffer zone between the cool and cold sensations, the 
temperature range was wider in the tropical indigenes (5.5 ± 3.5oC) than in the 
temperate indigenes (2.2 ± 1.3oC, p<0.001).      
 

 
Fig 3. Cutaneous inter-threshold zones (a) and cutaneous buffer zones (b) of the whole body 
in the tropical and temperate indigenes. 
 

SUMMARY AND CONCLUSIONS 
The most important results of the present study are as follows: 1) No 

evidence of decay was found in the cutaneous thermal sensitivity of tropical 
indigenes who were born and raised in the tropics but who had lived in Japan 
for up to 61 months; 2) Individuals with a greater body surface area to body 
mass ratio are more sensitive to cutaneous warmth, while cool and cold 
sensitivities displayed no relationship with body shape; 3) In tropical 
indigenes, no body region-dependent differences in cutaneous cool or cold 
thresholds were found, while there were significant regional differences in the 
warm and hot thresholds; 4) Both the inter-threshold sensory zones between 
warm and cool sensations, and between hot and cold sensations were wider 
for the tropical indigenes than for the temperate indigenes; 5) The tropical 
indigenes were less sensitive to cutaneous cool and cold sensations as well 
as warm and hot sensations. These findings indicate that the tropical 
indigenes examined in this study had retained their natural heat 
acclimatization, despite living in a temperate climate for up to 5 years; the 
development of cutaneous warm sensitivity is linked to not only long-term heat 
exposure but also morphological configurations. Further studies are required 
to elucidate the mechanisms underlying the blunted cold sensitivity of tropical 
indigenes. 
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EFFECT OF AMBIENT TEMPERATURE ON SURFACE 
TEMPERATURE MEASUREMENTS 

Psikuta Agnes, Niedermann Reto, Rossi René M. 

INTRODUCTION  

An accurate measurement of surface temperature is essential in thermo-
physiological measurements. Few studies indicated that the measured 
surface temperature could depend on environmental conditions, the 
attachment method, and the type of sensor (Jirak, Jokl et al. 1975; Buono and 
Ulrich 1998; Boetcher, Sparrow et al. 2009; Smith, Crabtree et al. 2010). 
However, no systematic study was done which would address collectively all 
these aspects in a selection of temperature sensors presently used in thermo-
physiological measurements.  

The purpose of this study was to systematically compare and quantify the 
performance of different commercially available temperature sensors attached 
to a heated plate using a selection of tapes and at various environmental 
conditions. 

METHODS  

Four commonly used temperature sensors, such as Pt100 foil sensors, 
MSR thermistors, Grant insulated temperature sensors and iButtons, were 
placed on the surface of the heated vertical plate and attached using one of 
four chosen tapes (Table 1). The temperature of the heated plate was 
maintained constant at about 35°C. The measurements were done at ambient 
air temperatures of 15°C, 20°C, 25°C, 30°C and 35°C, relative humidity of 
50%, and air velocity of 0.15 m/s. Each measurement was repeated three 
times where all sensors were detached and attached again to the surface of 
the heated plate after each repetition. The sensors have been calibrated 
before measurements using Opti-Cal (Integrated humidity calibrator, Michell 
Instruments, Germany, calibrated by MCS, Altdorf, Switzerland) to an 
accuracy of ± 0.1°C. 

 
Table 1. Attachment tapes 

Name *Rct (m2K/W) Description 
Aluminium tape 20.8·10-3 Non-breathable technical aluminium 

tape (Tesa AG, Germany) 
Fixomull 10.8·10-3 Adhesive non-woven fabric (BSN 

medical GmbH, Germany) 
Tegaderm 1.8·10-3 Transparent film patch  (3M Health 

Care, Germany) 
Micropore 5.4·10-3 Breathable adhesive tape based on 

non-woven fabric (3M Poland Sp.Zo.o., 
Poland) 

*Rct measured according to ISO11092:1993 
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RESULTS  

Figure 1 shows the surface temperature of the heated plate measured 
using all combinations of four sensors and four fixing tapes. Table 2 lists the 
rates of change of the measured surface temperatures in relation to the 
change of ambient temperature. 

 

  

  
Fig 1. Surface temperatures of the heated plate measured using Pt100 foil sensors, MSR 
thermistors, Grant insulated temperature sensors and iButtons attached using respective 
tapes, and under different ambient temperatures and in wind still conditions. 

 
Table 2. Rates of change of the surface temperature sensor readings in °C/10°C of Ta on the 
heated plate due to change of ambient temperature (Ta) in wind still conditions. 

 Aluminium tape Fixomull Tegaderm Micropore 
Pt100 0.10 0.66 0.52 0.39 
MSR 0.13 1.93 2.19 2.41 
Grant 0.29 1.72 1.11 1.18 
iButton 0.04 1.32 0.78 1.01 

 
Well-defined linear trends in surface temperature measurement in relation 

to the ambient temperature were observed (Fig.1). A relatively large variation 
of the measured surface temperatures was showed for all sensors fixed with 
Fixomull, Tegaderm and Micropore. The influence of the environmental 
conditions on the surface temperature measurement was clearly dependent 
on the sensor shape and the contact of its sensing area to the surface. The 
Pt100 foil sensor was the flattest and with large contact area to the surface 
which resulted in the most stable performance throughout all environmental 
conditions. 

The smallest variation was found for aluminium tape for all sensors tested. 
This fact might result from the good thermal conductance of the aluminium 
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tape which reduced the influence of the ambient temperature on the sensor 
beneath the tape. This fact is in accordance with the study by Boetcher 
(Boetcher, Sparrow et al. 2009) recommending a highly conductive cover of 
surface temperature sensor. A similar effect was visible in measurements 
done using iButtons where the sensor itself is encapsulated in a stainless 
steel can. iButtons showed in general rather small rates of change of surface 
temperature readings despite their bulky size. 

No clear influence of the thermal resistance of the fixing tape was 
observed. Excluding the aluminium tape with its special conductive feature, 
the largest thermal insulation was represented by Fixomull tape. However, its 
performance was comparable with the other less-isolative (2-5 times) tapes. 
Therefore, the effect of shape of the sensor and its surface contact seemed to 
surpass the effect of the thermal resistance of the tape. 

CONCLUSION 

This study clearly shows that the sensor type and the attachment method 
influence the results of temperature measurements. The sensor shape and 
the contact of its sensing area to the surface, as well as the conductance of 
the tape are the most important parameters to reduce the influence of the 
environmental conditions on the surface temperature measurement. These 
results suggest carefully choosing the temperature sensors and attachment 
methods for human subject trials and emphasizing the necessity to report 
these parameters in publications. 
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LOCALIZED TETRAHYDROBIOPTERIN SUPPLEMENTATION 
AUGMENTS REFLEX CUTANEOUS VASOCONSTRICTION 

AND VASODILATION IN AGED HUMAN SKIN 

Lacy A. Holowatz, James A. Lang, Anna Stanhewicz, and W. Larry Kenney 

INTRODUCTION 

   Primary human aging in the absence of overt pathology is associated with 
attenuated reflex vasoconstriction (Kenney & Armstrong, 1996) and 
vasodilation (Kenney et al., 1997), rendering the aged more vulnerable to 
cold- and heat-related morbidity and mortality, respectively (Linares & Diaz, 
2008). The aged have a universal decrease in peptidergic co-transmitter-
mediated vasoconstriction and vasodilation relying on attenuated 
norepinephrine (NE) (Thompson & Kenney, 2004) and nitric oxide (NO) 
signaling (Holowatz et al., 2003).  Tetrahydrobiopterin (BH4) is an essential 
cofactor for synthesis of (1) NA through tyrosine hydroxylase in sympathetic 
adrenergic nerve terminals (Figure 1A) and (2) NO through endothelial NO-
synthase (eNOS; Figure 2A). In the absence bioavailable BH4 TH become 
inactive and NE production declines, further eNOS undergoes uncoupling 
producing superoxide instead of functional NO (Forstermann & Munzel, 
2006).  Because globalized oxidant stress increases with aging and BH4 is 
vulnerable to rapid oxidation, BH4 has been identified as an important 
molecular target underlying age-related decreases in NE and NO synthesis. 
The purpose of this study was to examine the effect of acute localized BH4 
supplementation in attenuated reflex vasoconstriction and vasodilation in 
aged human skin.  We hypothesized that in aged humans acute BH4 
supplementation would augment cutaneous vascular responses during whole 
body cold and heat stress, respectively.  

METHODS  

Twelve young (21±1 years) and twelve older (72±2 years) healthy men and 
women underwent experimental testing protocols on two separate days.  
Experiments utilized a water-perfused suit to control body temperature and 
consisted of 1) a whole body cooling protocol where skin temperature (Tsk) 
was progressively decreased from 34°C to 30.5°C and 2) a separate whole 
body heating protocol where oral temperature (Tor) was increased by 1.0°C.  
During both protocol days subjects were instrumented with intradermal 
microdialysis fibres for the localized delivery of 1) a control vehicle (lactated 
Ringers) 2) 10mM BH4 and 3) a negative control consisting of adrenergic 
blockage combined with BH4 (5mM yohimbine and 5mM propranolol) for the 
whole body cooling studies, and NOS inhibition (20mM L-arginine nitro methyl 
ester (L-NAME)) after the established NO-dependent plateau in skin blood 
flow for the whole body heating studies.  Skin blood flow was measured over 
each microdialysis site continuously throughout each protocol using laser-
Doppler flowmetry and cutaenous vascular conductance (CVC) was 
calculated as flux/mean arterial pressure.  For vasoconstriction experiments 
data were normalized to a percentage of baseline CVC (%CVCbase) and for 
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vasodilation experiments data were normalized to maximal CVC (%CVCmax) 
achieved with 28mM sodium nitroprusside and local heating to 43°C. 

RESULTS  

   Skin blood flow during whole body cooling in both age groups is shown in 
Figure 1B.   In aged skin %CVCbase was attenuated at the control site with 
Tsk<32.0°C compared to young skin (p<0.01) and was augmented with 
localized BH4 supplementation across the decrease in Tsk (p<0.01 vs. control 
site).   

Figure 2B illustrates the rise in skin blood flow across the increased in oral 
temperature.  %CVCmax was attenuated in aged compared to young skin and 
was augmented with localized BH4 supplementation (p<0.01 vs. control site).  
Additionally, BH4 increased absolute CVCmax (Control site: 1.4±0.2 flux/mmHg 
vs. BH4 supplemented site: 2.1±0.2; p<0.05). 

A.  

 
B.  

 
Fig 1. A. A schmatic representation of the role of BH4 as an essential cofactor for tyrosine 
hydroxylase (TH) in the prejunctional synthesis of norepinephrine (NE) from L-tryrosine 
through L-DOPA and dopamine (DA).  B. Cutaneous vascular conductance (%CVCbase) 
responses to 0.5°C incremental decreases in skin temperature during whole-body cooling in 
young (n= 12) and older subjects (n= 12). Y–P, yohimbine + propranolol. *P < 0.01 versus 
control; †P < 0.01versus young. 
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A. 

 
 B. 

 
Fig 2. A. A schmatic representation of the role of BH4 as an essential cofactor for endothelial 
nitric oxide synthase (eNOS) production of NO.   B. Cutaneous vascular conductance 
(%CVCmax) responses to 0.1°C incremental increases in oral temperature during whole-body 
heating in young (n= 11) and older subjects (n= 10). Mean body temperature was clamped 
and the eNOS inhibitor L-NAME was perfused.  *P < 0.01 age difference for control sites; †P 
< 0.01 age difference for L-NAME sites; ‡ P < 0.01 age difference for BH4 supplemented 
sites. 

CONCLUSION 

Localized supplementation of the essential tyrosine hydroxylase and NOS 
cofactor BH4 increased 1) NA-mediated vasoconstriction and 2) NO-
dependent vasodilation in aged human skin during whole body cooling and 
heating, respectively. These data suggest that improving BH4 bioavailablity in 
aged skin improves both NA and NO synthesis through tyrosine hydroxylase 
and eNOS.  Furthermore, BH4 augmented maximal CVC suggesting 
improved vascular smooth muscle responsiveness in the aged cutaneous 
microvasculature which may be associated with a reduction in superoxide 
production through “recoupling” of eNOS.   Collectively, these data suggest 
that BH4 is an important molecular target to improve skin vasoreactivity during 
thermal stress in the aged.  Clinical trials are underway to examine the effects 
of a commercially available (Kuvan®) oral BH4 supplement which is FDA 
approved for the treatment of phenylkeonuria on the reflex control of skin 
blood flow in healthy aged humans.  



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 167 

 

 

REFERENCES 

Forstermann U & Munzel T. (2006). Endothelial nitric oxide synthase in 
vascular disease: from marvel to menace. Circulation 113, 1708-1714. 

 
Holowatz LA, Houghton BL, Wong BJ, Wilkins BW, Harding AW, Kenney WL 

& Minson CT. (2003). Nitric oxide and attenuated reflex cutaneous 
vasodilation in aged skin. Am J Physiol Heart Circ Physiol 284, H1662-
1667. 

 
Kenney WL & Armstrong CG. (1996). Reflex peripheral vasoconstriction is 

diminished in older men. Journal of applied physiology: respiratory, 
environmental and exercise physiology 80, 512-515. 

 
Kenney WL, Morgan AL, Farquhar WB, Brooks EM, Pierzga JM & Derr JA. 

(1997). Decreased active vasodilator sensitivity in aged skin. Am J 
Physiol Heart Circ Physiol 272, H1609-1614. 

 
Linares C & Diaz J. (2008). Impact of high temperatures on hospital 

admissions: comparative analysis with previous studies about mortality 
(Madrid). Eur J Public Health 18, 317-322. 

 
Thompson CS & Kenney WL. (2004). Altered neurotransmitter control of 

reflex vasoconstriction in aged human skin. J Physiol 558, 697-704. 
 

Lacy A. Holowatz1,2 / James A. Lang1 / Anna Stanhewicz2/ W. Larry Kenney1,2: 

Department of Kinesiology, Pennsylvania State University, University Park, PA 16802 

Intercollege Physiology Program Pennsylvania State University, University Park, PA 16802 

 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 168 

HEAT STRAIN IN ELDERLY DURING HEAT WAVES IN THE 
NETHERLANDS 

Hein Daanen, Bert Heusinkveld, Bert van Hove, Natascha van Riet  

INTRODUCTION  

It is well documented that high ambient temperatures causes an increase in 
morbidity and mortality. Particularly elderly of over 75 years old are vulnerable 
for heat stress (Kovats and Hajat, 2008). Mackenbach et al. (1997) showed 
that an additional 10 elderly die every week in Dutch nursery homes when 
ambient temperatures are between 25 and 30°C compared to 15-20°C. Still 
many uncertainties exist with respect to the causes for heat-related excess 
mortality (Kovats and Hajat, 2008). From a thermal physiological view the load 
on the cardiovascular system dominates (e.g. Hess et al., 2009), while 
epidemiological data show that mortality in the heat is mainly related to 
respiratory issues (e.g. Stafoggia et al., 2006, Kovats and Hajat, 2008). The 
amount of heat strain and how elderly cope with heat strain has hardly been 
investigated and therefore is the topic of this study.  

METHODS  

Eight elderly were monitored during the hot July days in 2010 in The 
Netherlands. A weather station outside the building measured air 
temperature, air humidity, wind and radiation. Air temperatures inside were 
monitored in the living and sleeping room of the elderly using i-buttons. The 
Hidalgo system was used to monitor heart rate, pill temperature, body position 
and breathing rate. I-buttons at the back of the hand and just below the collar 
bone gave an indication of peripheral and central skin temperatures 
respectively. A questionnaire was filled in to quantify thermal behavior and 
experienced heat strain.  

RESULTS  

Fig. 1 shows the ambient temperate related to the temperature in the living 
room and sleeping room for an elderly lady aged over 80. Her fear for 
catching a cold due to draughts caused her to keep the windows closed in her 
bedroom. The temperature in the bedroom exceeded 30°C during the nights. 
Thermal strain is shown in Fig. 2. Core temperature exceeded 38°C in the 
afternoon. During the night body heat was redistributed to the skin which lead 
to very high skin temperatures (Van Someren et al., 2002). Similar effects 
were observed in the other elderly subjects, but core temperatures remained 
below 38°C. 
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Fig. 1 Relation between ambient temperature and temperature in the living room and sleeping 
room for an elderly lady. Time is in hours (24, 48 and 72 hours equals midnight).  

 

 
Fig. 2 Body core and skin temperatures during a hot summer day in an elderly lady 

 

CONCLUSION 

In summary, we observed very high core and skin temperatures in the elderly 
during hot days and during the night. Thermal behavior was often inadequate, 
e.g. absence of ventilation, wearing insulative clothing.  
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THE EFFECTS OF A 7-DAY HEAT ACCLIMATION PROTOCOL 
IN PERSONS WITH PARAPLEGIA AND TETRAPLPEGIA. 

Mike Price, Jenny Kiratli, Michelle Brand. 

INTRODUCTION  

Acclimation to exercise and heat stress has been shown to improve 
exercise tolerance and performance as a result of adaptations to the 
cardiovascular and sudomotor systems (Lorenzo and Minson 2010). 
However, a number of clinical and athletic populations demonstrate a reduced 
sweating capacity as a result of factors such as burn injuries (McEntire et al. 
2007) or spinal cord injury (Price and Campbell, 2003) and therefore may not 
be able to effectively acclimate to exercise in the heat. 

Studies pertaining to exercise and heat acclimation in persons with spinal 
cord injury are limited. Gass and Gass (2001) examined the thermoregulatory 
responses of men with paraplegia to daily resting warm water immersion 
(39°C) over six consecutive days akin to that experienced during 
hydrotherapy. Although the able-bodied control group demonstrated reduced 
thermal strain by day six no adaptive responses were observed for the 
paraplegic group. As well as undertaking resting heat exposure via water 
immersion rather than exercise in warm air Gass and Gass (2001) examined 
a range of participants with mid to low level thoracic lesions (T5 – T12). 
Consequently, the effects of heat acclimation in persons with high level 
injuries, such as tetraplegics, have not been reported. This is of particular 
importance due to the absence or severe reduction in sweating capacity in 
this group (Price and Campbell, 2003). The effects of a traditional exercise 
and heat acclimation procedure in paraplegic and tetraplegic participants have 
consequently yet to be reported. Therefore the aim of the study was to 
examine the effects of seven days exercise and heat acclimation in persons 
with paraplegia and tetraplegia. 

METHODS  

Five persons with paraplegia (PA; T7 – L1) and four with tetraplegia (TP; 
C5 – C8) but otherwise healthy volunteered to take part in this study which 
had received Institutional Ethics Review Board approval. Each participant 
undertook an incremental exercise test for peak power output on an arm 
crank ergometer. On further visits to the laboratory participants undertook arm 
crank exercise at an intensity of 50% peak power for 30 minutes on seven 
consecutive days. Exercise was undertaken in an environmental chamber set 
at 35°C and 40% relative humidity. On arriving at the laboratory participants 
rested in cool conditions (19 – 21°C) outside the environmental chamber for at 
least 15 min in order to record baseline data. Participants then entered the 
chamber and rested for a further 5 minutes prior to undertaking exercise. 
Aural temperature was measured using an aural thermistor securely taped in 
position and insulated with cotton wool (Edale, UK). Skin temperatures (chest, 
back, thigh, calf) were recorded via surface thermistors (Grant Instruments, 
UK) and a data logger (Grants Instruments, Cambridge, UK) and mean skin 
temperature was calculated (Ramanathan, 1964). Aural and skin 
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temperatures were recorded at rest in cool conditions (-10, -15 min), after 5 
min rest in the heat (0 min) and every five minutes during the exercise period. 
Ratings of perceived thermal strain (RPTS; Young et al. 1987) were recorded 
at rest in cool and hot conditions and at 5, 15 and 30 min of exercise. Heart 
rate was continually monitored using a Polar heart rate monitor. Ratings of 
perceived exertion (RPE; Borg Scale) were also recorded at 5, 15 and 30 min 
of exercise. Exercise was terminated if participants reached the ethical safety 
limits of maximal heart rate or core temperature of 39.5°C. Data for 
physiological and perceptual responses over time for day 1 and day 7 were 
compared via two way analysis of variance (time vs. day). 

RESULTS  

There were no differences in aural temperature during exercise between 
day 1 and day 7 of the heat acclimation period for either the PA or TP groups 
(P<0.05; Figure 1). The increase in aural temperature from rest in cool 
conditions to end of exercise for PA on day 1 and 7 was 1.0 ±0.1 and 1.1 
±0.2°C, respectively (P<0.05). For TP the increases in aural temperature were 
1.5 ±0.9 and 1.7 ±0.7 °C, respectively (P>0.05). 

 
Fig 1. Aural temperature at rest in cool (-10. -5 min) and warm (0 min) conditions and during 
exercise for the paraplegic (PA) and tetraplegic groups (TP) during day 1 (D1) and day 7 (D7) 
of heat acclimation.  
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Fig 2. Mean skin temperature at rest in cool (-10, -5 min) and warm (0 min) conditions and 
during exercise for the paraplegic (PA) and tetraplegic groups (TP) during day 1 (D1) and day 
7 (D7) of heat acclimation.  

There were no differences in resting aural temperature between day 1 or 
day 7 for either group. However, when resting aural temperature of the PA 
and TP were compared (day 1 and 7 combined) the TP demonstrated cooler 
resting aural temperatures than the PA (36.0 ±0.6 vs. 36.5 ±0.4°C, 
respectively; P<0.05). There were no differences in mean skin temperature 
(Figure 2), RPE or heart rate responses between day 1 and 7 for either group. 
However, RPTS was reduced for PA on day 7 when compared to day 1 (main 
effect for day; P<0.05). Values at 30 minutes of exercise were 4.6 ±0.5 and 
5.5 ±0.9, respectively. There were no differences observed for RPTS for TP. 
 

DISCUSSION 

The results of this preliminary study suggest that a seven day exercise and 
heat acclimation period does not reduce thermal strain for PA and TP under 
the conditions studied. The lack of an adaptive response for PA is most likely 
due to the reduced sweating capacity being unable to produce sweat rates of 
sufficient magnitude in order to induce thermoregulatory adaptations. In light 
of wheelchair athletes with low level spinal cord injuries potentially reaching 
maximal sweat rates in cool conditions (Price and Campbell, 2006) an inability 
to produced large sweat rates is plausible. However, the reduction in RPTS 
without accompanying reductions in core temperature may predispose this 
group to a greater risk of heat injury. 

The lack of any adaptive response for the TP in the presence of large 
increases in core temperature is most likely due to the severe reduction in 
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sweating or the inability to sweat. When comparing PA and TP their core and 
mean skin temperature responses were as expected, both being warmer for 
TP pre and post acclimation. However, resting aural temperature for TP was 
cooler than for PA which may reflect the reduced muscle mass and thus 
habitual metabolic rate of this population. Future work should consider the 
responses of larger numbers of participants, groups which are homogenous in 
terms of training status as well as performance measures and activities of 
daily living. 
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A PROPOSED DECISION-MAKING GUIDE FOR THE SEARCH, 
RESCUE AND RESUSCITATION OF SUBMERSION (HEAD 

UNDER) VICTIMS  

Michael Tipton & Frank Golden  

INTRODUCTON  

Amongst the more difficult decisions required of medics, paramedics and 
others involved in search and rescue is when to downgrade the search for a 
submerged individual from “rescue” to “body recovery”. This decision is made 
more difficult by knowledge of what seem unbelievable cases of survival with 
full recovery after many minutes of submersion. For example, whilst the 
prognostic indicators of a poor outcome following submersion include a period 
underwater of longer than five minutes (Orlowski, 1987), the current record for 
submersion without sequelae is 66 minutes (Bolte et al, 1988).  In response to 
questions from different rescue services, we have endeavoured to propose a 
decision-making guide for the search, rescue and resuscitation of submerged 
(head under) victims.  

METHODS  

For the purposes of this project we defined submersion as “the complete 
immersion of an individual, including the airways” and “protracted period of 
submersion” as submersion for longer than four minutes.  In order to formulate 
the guidance we reviewed current guidelines and practice, as well as the 
relevant literature, including case studies and media reports. We approached 
members of the International Task Force on the Prevention of Open Water 
Drowning to ask for details of any guidelines that they were aware of that dealt 
with the action to be taken during and immediately following a prolonged 
submersion. We supplemented this with a literature review (University of 
Portsmouth library, Royal Society of Medicine library, Medline, PubMed, 
Google Scholar) of relevant international guidelines covering this specific 
scenario.   

RESULTS  

We concluded that few formal guidelines exist in this area. From those that we 
contacted we learned that in the United States (C. Brewster, US Lifesaving  
Association), the standard practice for search and rescue of victims who have 
been submerged under water of a temperature “normally used for swimming”, 
is to continue an emergency search for one hour. In Brazil (Dr D. Szpilman) it 
has been a recommendation since 1992 that “rescue and resuscitation” 
changes to “body recovery” after one hour. In the UK, the guidelines of the 
Joint Royal Colleges Ambulance Liaison Committee (JRCALC, Clinical Notice 
16/09) on “The Drowning, Immersion or Submersion Incident” (24th August 
2009) state that on-scene resuscitation may be withheld or stopped by the 
senior clinician present if the patient is confirmed as having been submerged 
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for more than 90 minutes. Our literature review identified 43 relevant cases. 
Of these, all gave the age of the casualty. It could be confirmed that 
submersion occurred and there was an estimation of submersion time in 40 
cases. 17 cases stated whether the submersion was in fresh, brackish or salt 
water (although geographical location allowed the conclusion that nearly all of 
the cases were in fresh water), indeed, only one case was reported to have 
occurred in salt water. 29 (67%) involved children 12 years old or younger.  In 
37 cases deep body temperature was measured shortly after the incident or 
on admission to hospital; this temperature was 30°C or below in 30 cases.  

DISCUSSION  

The major factors contributing to a successful outcome in an incident involving 
prolonged submersion are:  if the water is very cold; if the duration of 
submersion is short; if the victim is a child or small adult; if the submersion is 
into fresh water. However, and with regard to establishing some guidance in 
the area, these factors do not all represent necessary conditions for a 
successful outcome. For example, whilst the victim is usually a child (67% of 
cases), adults have also survived prolonged submersion, although it appears 
that it is usually small adults (high surface area to mass ratio). This may only 
be of academic interest; it will often not be possible to determine the exact 
age or size of an individual involved in a submersion incident.  
With regard to water temperature, we have been unable to identify and 
substantiate any case in which an individual survived for longer than 30 
minutes submerged in water warmer than 6°C. However, as noted, a child 
(2.5 years old) has survived submersion for up to 66 minutes in water at 5°C 
(Bolte et al, 1988), and others have survived following prolonged submersion 
in water at 4-5°C. There are only a few cases of survival reported following 
prolonged submersion in water at temperatures between 6-22°C, this is likely 
to be a reflection of the fact that such survival is extremely rare in water 
warmer than 6°C, rather than indicating that we have missed a large number 
of incidents in our search of the literature.  
Two primary mechanisms have been proposed for survival following 
prolonged submersion. The mammalian “diving response” (Hunt, 1974) is an 
oxygen conserving triad of apnoea, bradycardia and selective 
vasoconstriction, which is known to be stronger in children than adults 
(Gooden, 1992). Alternatively, “selective brain cooling” (Golden et al, 1997), 
involves the aspiration of very cold water, cooling of the heart and blood in the 
carotid artery and thereby the brain. The hypoxic survival time of the brain is 
then extended by hypothermia; with cerebral activity and therefore oxygen 
demand falling close to minimal levels at a brain temperature of 22°C (Adams 
& Victor, 1977). Conn et al (1995) have reported 7.5-8.5°C falls in the carotid 
arterial temperature of dogs after just 2 minutes of submersion – this is about 
the time respiratory and cardiac function are maintained during drowning in 
dogs (Fainer et al, 1951). Of these two mechanisms we believe the latter is 
more likely, as selective brain cooling rapidly reduces brain temperature 
before severe hypoxia develops. In contrast, during the initial short-term 
apnoea of the ʻdiving reflexʼ, significant hypoxia, associated with continued 
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muscle activity, will reduce cerebral hypoxic survival time before the effects of 
cerebral cooling start to become beneficial. 
On the basis of all of the evidence presented above, the decision-making 
guide in Fig. 1 is recommended. It is emphasised this is only a guide, and 
local circumstances and/or clinical signs may dictate an alternative course of 
action to the senior medic at the scene. It is likely to be of more use when 
rescuers are themselves placed at high risk by continuing a search.  

 
Figure 1. Decision-making guide for immersion incidents involving total (head under) 
submersion  
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CHARACTERIZATION OF THERMAL SENSATION CLUSTERS 
WITH PHYSIOLOGICAL INDICATORS IN VARIOUS AMBIENT 

TEMPERATURES DURING REST 

Bigouret Armelle, De Oliveira Fabrice, Gehin Claudine  

INTRODUCTION  

The large inter-individual variability in the thermal response is a major issue 
for researchers who analyze the thermal perception. Many thermal comfort 
studies were based on PMV model. This model predicts thermal sensations 
with environment variables and two personal variables (activity level and 
clothing insulation) but it has no ability to account for some individual 
differences and some physiological responses. And yet the inter-individual 
variance can be significant and greater than 1.0 scale unit on a seven points 
thermal sensation scale (Fountain and al.1996). Interestingly, several studies 
(Havenith 1995) have showed that this thermal response's variability can be 
related to gender, age, anthropometric data, acclimatization, hydration state 
and physical fitness. Therefore, recent studies (Zhang and al. 2001) have 
been conducted with models including anthropometric data and human 
thermoregulatory mechanisms such as vasodilatation, vasoconstriction, 
sweating and metabolic heat production. However, a substantial part of the 
individual differences in thermal response still remains unexplained.  

In order to improve our knowledge on this issue, we have carried out a 
study with two aims: 1) to assess the inter-individual variability in thermal 
sensation votes in a panel with limited individual differences and 2) to 
characterize this possible variability with physiological responses (such as 
skin temperature, skin water flow and skin blood flow) in different thermal 
environments (from 17°C to 30°C).  

METHODS  

The volunteers were selected through a questionnaire to avoid some 
individual differences as age, gender, race, weight, physiological 
acclimatization, smoking habits, skin disease, cutaneous and general medical 
treatment, and anthropometric data. Therefore, the panel was composed of 
11 healthy, non smoking Caucasian women aged between 20 and 33 years, 
with a BMI comprised between 18.3 and 22.6 and living in a temperate 
climate for at least two years. All volunteers gave their written consents.  

For standardization purposes, study subjects followed strict instructions: 
they were asked to avoid caffeine, alcohol, intense physical activity, sun 
exposure and cosmetic products at least 24h prior to and during the 
experimental session. Moreover, the subjects were all dressed in 0.5 Clo 
(thermal insulation of clothes, 1 Clo = 0.155 m2°C/W). 

Six environments were created (in that order: 22°C, 17°C, 25°C for the 
Morning, 25°C, 19°C, 30°C for the Afternoon) while the other thermally-
relevant conditions, including the relative humidity (42 ± 5%) and the air 
velocity (<0,5 m/s), were kept as stable as possible. 

The volunteers were resting quietly in an armchair for about 1 hour in each 
thermal environment. This period was divided into two sessions: an 
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acclimation period of about 30 minutes and a measurement period of 30 
minutes which began only when the subjects were relaxed. The 
electrocardiogram and electro-dermal resistance (parameters of the 
autonomic nervous system's activity) were measured in order to control 
individual’s stress level.  

Then, the following physiological parameters were assessed: 
- Skin temperature using an infrared camera (A20M camera Flir System) 

and monitored on the cheek (TC), the forehead (TF), the nose (TN), the 
palm (TP), the thumb (TT), the forearm (TFA).  

- Skin blood flow (SBFW) using a laser Doppler blood perfusion imager 
(Periscan PIM3 - Perimed) and recorded for 2 min on the forearm 
(SBFWFA) and on the cheek (SBFWC).  

- Skin color using a Spectrocolorimeter CM2600d (Minolta) on the cheek 
and expressed using L*a*b* 1976 CIE system (L*C, a*C, b*C). L* 
represents lightness, a* the red-green axis and b* the yellow-blue axis. 

- Skin capacitance using a Corneometer CM825 (Courage and Khazaka 
(C&K)) and expressed as the mean of three recordings on adjacent 
areas on the cheek (CC) and on the forearm (CFA). 

- Transepidermal water loss using a Tewameter TM300 (C&K) and 
expressed as the mean of two recordings on the cheek (TEWLC).  

- Skin barrier recovery capacity (SBRC) using three measurements of 
TEWL: one before and one after 6 adhesives skin stripping 
(mechanical disruption of the horny layer of the stratum corneum (SC)) 
and one after 20 minutes on the forearm. 

Next, the thermal sensation were surveyed according to the ASHRAE/ISO 
7-point thermal sensation scale (from cold (-3) to hot (+3)). Thermal comfort, 
feelings of well-being and other information about their condition (stress, 
fatigue, shivering, sweating…) were also taken in a questionnaire. 

A statistical analysis was performed on measured data and on the 
variations (noted Δ) from a set point (the average of each subject over all 
thermal environments) for skin temperature, skin color, transepidermal water 
loss and skin capacitance. Firstly, a hierarchical ascendant classification 
(HAC, Euclidian distance) was used to identify homogeneous clusters with 
thermal sensations votes and ambient temperatures. Then, the differences 
between the means (by clusters) were determined with an analysis of 
covariance (ANCOVA – quantitative factor: mean radiant temperature (MRT); 
qualitative factor: the cluster of thermal sensation) and in case of non-normal 
distribution (for residuals) with the Mann-Whitney test. Finally, a Partial Least 
Square (PLS) of thermal sensation votes on the standardized physiological 
variables was carried out in order to compare thermal sensation’s prediction 
of each cluster.  

RESULTS  

Two clusters were found by HAC with thermal sensation criteria. For all 
clusters, the thermal sensation increased with increased ambient temperature 
(r=0.90). However, the ANCOVA (cf. table 1) showed that the cluster1 (64% of 
the panel) had a higher thermal sensation than the cluster2 (36% of the 
panel). Both clusters had probably a different thermal sensitivity.  
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Table 1. Pearson’s correlation coefficients (r) between the variables and Mean Radiant 
Temperature (MRT) and comparisons of sensory and physiological parameters between both 
clusters of thermal sensation a. with ANCOVA (to test whether the factor of clusters has an 
effect on the outcome variable after removing the variance for which quantitative predictor 
(MRT) account) b. with Mann-Whitney test (in case of non-normal distribution). Only variables 
with a p-value<0.26 for the comparison of both clusters were represented.  

 

 

 

 

 

* p-value <0.05 ; ** p-value<0.001 ; *** p-value<0.0001 

Then, the analysis of the physiological measurements showed that some 
variables (SBFWC, a*C) were correlated with MRT as the thermal sensation. 
And significant differences between both clusters were observed. The cluster2 
had a higher skin capacitance on the forearm (CFA), a lower skin barrier 
recovery capacity (SBRC) and a higher transepidermal water loss on the 
cheek (TEWLC). The skin capacitance is known to be related to the skin 
water content and reflects either the hydration state or the activity of the sweat 
glands. In addition, a lower SBRC (20 minutes after skin mechanical 
disruption) means that the transepidermal water loss is as high as (or higher 
than) just after "skin barrier" disruption. And the TEWLC is the loss of water 
vapor from the skin (here: with and without sweat gland activity). These 
results suggest a greater skin water loss and probably a higher activation of 
the sweat glands for the cluster2. This mechanism was likely to cause a 
greater heat loss and a lower thermal sensation for the cluster2.  

For the skin blood flow on the cheek (SBFWC), the differences between 
both clusters were not significant. However, the mean value was higher for 
the cluster2. In addition, the red-green chromaticity a* on the cheek (a*C), 
which is affected by blood flow, was significantly higher for the cluster2. These 
observations are likely to reveal a greater capacity for vasodilatation of the 
cluster2 and so, a greater capacity for heat loss. This physiological 
characteristic could also explain the lower thermal sensation for the cluster2.  

Finally, a multi-parametric approach with PLS regression showed that the 
thermal sensation can be predicted only with physiological parameters (quality 
of the model: Q² =72%). But considering clusters improved the quality of the 
model (Q²cluster1=79% and Q²cluster2=84%) in particular for the cluster2. 
Therefore it seems to be relevant to take account the clusters of thermal 
sensitivity to predict thermal sensation. Moreover, there were differences in 
the regression coefficients between both clusters for ΔTEWLC, SBFWC and 
SBFWFA (cf. Figure 1).  

 MRT  
r p-value 

Cluster 1 
Mean (SD) 

Cluster 2 
Mean p-value (SD) 

Thermal sensation a. 0.90*** -0,06 (1,6) -0,8*** (1,3) 
CFA a. (u.a.) 0.38** 39.3 (6.2) 44.1* (7.4) 
SBRC b. (%) -0.43** 106.5 (55.3) 65.6* (50.3) 

TEWLC b. (g.h-1m-2) 0.34** 12.6 (3.2) 18.3* (7.8) 
SBFWC b. (u.a.) 0.69*** 72.9 (36.2) 92.8 (76.5) 

a*C b. (u.a.) 0.58*** 10.3 (1.8) 11.3* (2.1) 
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Fig 1. Standardized regression coefficients in the PLS regression which predicts thermal 
sensation votes (Y) from standardized physiological data (X) for each clusters. Some 
variables such as SBRC (with small variable importance for the projection (VIP<0.8) and 
small regression coefficient) were eliminated in these models. 

It is consistent with the previous analysis. The increased TEWLC and 
SBFW did not affect the thermal sensation in both clusters in the same way. It 
could be explained by different mechanisms of thermoregulation (water 
exchange and blood flow) between the 2 clusters.  

CONCLUSION 

The thermal sensation in a panel with limited individual-differences can 
present a significant inter cluster variability. This variability is likely to be 
explained by physiological parameters such as the skin blood flow and the 
skin water exchange. In addition, the thermal models could become more 
useful and more “personalized” by considering a thermal sensitivity type. 
Further studies including a larger number of subjects are required to confirm 
these first findings and to identify new parameters. 

We thank the CE.R.I.E.S team for his contribution. 
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‘CROSS-ADAPTATION’ COLD HABITUATION INFLUENCES 
THE RESPONSE TO ACUTE HYPOXIC EXPOSURE 

Heather Lunt, Jo Corbett, Martin Barwood, Michael Tipton  

INTRODUCTION  

Physiological adaptation to environmental stressors is often studied in 
isolation, but these stressors are frequently combined outside of laboratory 
settings, for example cold and hypoxia at altitude. There is limited information 
about the effect that adaptation to one environment has on exposure to 
another. Animal experiments suggest that a generic autonomic adaptation 
provided by short repeated cold-air exposures can result in a reduction in the 
sympathetic response to novel environmental stimuli, such as acute hypoxia 
(forming a ‘cross-adaptive’ effect; LeBlanc, 1969). Groups of rats that were 
not habituated to short cold exposures or lived in consistently cool 
environments did not demonstrate an improved response to hypoxic 
conditions. Others have reported that prolonged moderately cold conditions 
had no effect (Fregly, 1954) or a detrimental effect on survival in hypoxic 
conditions (Fregly, 1953; Altland et al., 1972; Altland et al., 1973).  

In humans it is known that repeated short cold-water immersions attenuate 
the initial cardio-respiratory responses to cold immersion (Keatinge & Evans, 
1961; Golden & Tipton, 1988) as well as decrease circulating adrenaline and 
noradrenaline concentrations (Huttunen et al., 2001). This suggests that 
repeated immersions in cold-water result in a habituation which involves the 
sympathetic autonomic nervous system pathways. At present, it is not known 
if this also provides a generic autonomic cross-adaptation to another 
environmental stressor, such as exposure to acute hypoxia. The present 
study tested the hypothesis that a cross-adaptation occurs between the 
habituation response to repeated short cold-water immersions and exposure 
to hypoxia in humans  

METHODS  

Thirty-two healthy male volunteers gave their written informed consent to 
participate, in the ethically approved study. The physical characteristics of the 
participants are presented in Table 1. 

FAMILIARISATION 

In the fortnight prior to the study, participants attended the laboratory on 
one occasion and were familiarised with the equipment, procedures and 
assessed for their sensitivity to hypoxia. They performed a 10 min period of 
cycling (at 100 W) breathing normoxic air, and then breathing hypoxic air (FIo2 
0.12). The cardiac frequency (fC) and minute ventilation (VE) results obtained 
were used to allocate participants to two groups: ‘hypoxic sensitive’ (HS) and 
‘hypoxic insensitive’ (HI). The hypoxic sensitive group had the largest 
increase in fC and VE during hypoxic exercise compared to normoxic exercise 
and the hypoxic insensitive group had smaller changes in fC and VE 
responses. The volunteers from these two groups were then randomly 
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assigned to either the cold-water (CW) or thermoneutral-water control (TW) 
groups. 

Table 1. Mean (SD) physical characteristics of participants 

 

Age 
(years) 

Height 
(m) 

Mass 
(kg) 

∑8 skinfolds 
(mm) 

VO2max

 
(L.min-1) 

FEV1 
(L) 

FVC 
(L) 

CW 
(n=16) 

27 
(7) 

1.79 
(0.08) 

77.3 
(8.4) 

82 
(24) 

4.3 
(0.7) 

4.4 
(0.4) 

5.2 
(0.5) 

TW 
(n=16) 

22 
(3) 

1.80 
(0.07) 

76.7 
(10.3) 

93 
(26) 

4.3 
(0.6) 

4.5 
(0.7) 

5.5 
(0.7) 

All 
(n=32) 

25 
(6) 

1.79 
(0.07) 

76.9 
(9.6) 

88 
(26) 

4.3 
(0.7) 

4.5 
(0.6) 

5.3 
(0.6) 

 

EXPERIMENTAL OUTLINE 

All participants performed two sets of normoxic and hypoxic (FIO2 0.12) 
exposures at rest and during exercise (100 W at 60 revs.min-1); for 10 min. A 
recovery break (breathing normoxic air for 10 to 20 min) was given between 
each bout for the participants to recover their fC, VE and blood oxygen 
saturation (SPo2; estimated from pulse oximetry) to baseline values. The first 
and second set of normoxic and hypoxic exposures were separated by 96 h 
during which participants were immersed into CW (12.1±0.1°C) or TW 
(34.7±0.4°C) six times for a duration of 5 min on each occasion. Two 
immersions were performed each day, one each morning and afternoon, with 
a minimum of 4 h between the immersions.  

MEASUREMENTS 

During the normoxic and hypoxic exposures volunteers were instrumented 
with a three-lead ECG (HME Lifepulse, HME Ltd, UK), a pulse oximeter finger 
probe (Nonin 7500, Nonin Medical Inc. USA), respiratory mask and a cannula 
(18 gauge BD Venflon, Sweden) was inserted into a prominent vein in the 
antecubital fossa.  

Inspired O2 and CO2 values were measured using a portable gas analyser 
(IBRID MX6, Industrial Scientific Corp. USA), and mixed expired air 
measurements were collected through a non-rebreathing valve (Hans 
Rudolph Inc. USA) which was linked to an online O2 and CO2 gas analysis 
system (GIR 250, Hi-tech Instruments Ltd, UK) for the measurement of FEO2 
and FECO2. The volume of each expired breath (VT), was measured using a 
flow turbine. Expired air temperatures were recorded continuously using 
thermistors placed in the expiratory loop (AD Instruments, Sydney, Australia). 
Data were recorded using a Powerlab data acquisition system (AD 
Instruments), and time sequenced using Chart Pro (AD Instruments). 
Following instrumentation, participants remained in a seated position for 20 
min to allow recovery. Blood samples were drawn at the end of each period of 
rest and exercise for the determination of plasma volume corrected 
catecholamine concentrations (Dill & Costill, 1974) by HPLC-ECD (Kings 
College Pathology laboratory).  
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The R-R intervals were calculated from the recorded ECG traces over the 
final 5 min. Once signal processing was completed, time and frequency 
domain parameters were calculated using KubiosHRV analysis Software 
(Biomedical Signal Analysis Group, University of Kuopio, Finland). HRV was 
calculated in accordance with the recommendations of The Task Force of the 
European Society of Cardiology and the North American Society of Pacing 
Electrophysiology (1996). The frequency domain HRV measurements were 
calculated using fast Fourier transformations and Welch’s periodogram 
method with 256 point window width and a 50% overlap. 

The mean±SD ambient air temperature in the laboratory during the 
normoxic and hypoxic exposures was 20.4±0.7°C with 53.6±2.8% relative 
humidity and during the water immersions was 25.1±1.1°C with 72.6±6.8% 
relative humidity. 

RESULTS  

In the CW group, the second hypoxic exercise exposure resulted in a 
significant increase in R-R interval (P=0.004) and ln HF power (P<0.001), and 
reductions in fC (P=0.002), Ln LF:HF power ratio (P=0.003), adrenaline 
(P=0.042, Figure 1) and noradrenaline concentrations (P=0.003, Fig. 2), 
(P=0.016), and VO2 (P=0.001). During the second hypoxic exercise exposure, 
the Ln HF power was not different between the CW and TW groups, but R-R 
intervals were higher (P=0.041) and fC, Ln LF:HF power ratio (Table 2), 
adrenaline (Figure 1), noradrenaline concentrations and VE were significantly 
lower in the CW compared to the TW groups (P=0.045, P=0.002, P=0.004, 
P=0.002, P=0.003, respectively). 

 
Table 2. Mean (SD) HRV indices and ventilatory variables during cycling exercise (100 W) 
whilst breathing hypoxic gas (FIO2 =0.12) before (first exposure) and after (second exposure) 
the water immersions in thermoneutral (TW) or cold-water (CW).  

 CW group TW group 
 First 

Exposure 
Second 

Exposure 
First 

Exposure 
Second 

Exposure 
SpO2 (%)      74.4(4.3)      72.1(4.6)     75.1(3.7)      73.9(4.9) 

fC (beats.min-1)    142(13)    134(13)*†    141(12)    144(9) 

R-R intervals (ms)    426(40)    447(47)*†    428(38)    417(27) 

SDNN (ms)      12(11)        9(5)      16(20)      14(11) 

Ln total power        4.0(1.4)        4.0(1.3)       4.1(1.3)       3.5(0.8) 

Ln HF        1.3(1.1)        2.4(1.2)*       1.5(1.4)       1.6(1.3) 

Ln LF:HF        1.4(0.6)        0.7(0.3)*†       1.4(0.7)       1.2(0.5) 
* Different from the first exposure P<0.05 
† Different from  the TW group P<0.05 
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Figure 1. Mean (dotted line) and individual data (solid lines) for plasma volume corrected 
adrenaline concentrations during 100 W of hypoxic cycling before and after the repeated cold 
water (n=4) or thermoneutral water immersions (n=4).  

 

CONCLUSION 

The present study found that habituation to cold-water immersion reduced 
the circulating catecholamine concentrations and increased the HF power of 
HRV indices during acute hypoxia when exercising. These findings suggest 
that cold habituation reduced sympathetic stimulation and increased 
parasympathetic activity when exercising during subsequent hypoxic 
exposures. The environmental cross-adaptation resulted in reduced 
physiological strain (an alteration in autonomic balance and reduced cardio-
respiratory responses) during exercise in hypoxic conditions. The hypothesis 
that cold habituation has a cross-adaptive effect on the response to acute 
hypoxia when exercising is accepted.  

The results of the present study support the work of LeBlanc (1969) with 
rodents, and extend it to human participants. These experimental data are in 
contrast to the findings of Fregly (1953, 1954) and Altland et al. (1973) who 
exposed rodents to prolonged moderately cold air exposures before the 
addition of a hypoxic environment. The effects reported during hypoxic 
exposures by Fregly (1953, 1954) and Altland et al. (1973) may be the result 
of a specific metabolic habituation to the cold, which increases oxygen 
consumption to defend internal body temperature. In an oxygen depleted 
environment, the increased metabolic rate results in the rats’ reduced 
tolerance. In the present study, cardio-respiratory and autonomic responses 
to hypoxia were reduced following the cold-water immersions. The type of 
cold exposure used in the present study and that of LeBlanc (1969) resulted 
in a habituation to short repeated cold-water immersions. This is not a 
metabolic response to prolonged cold exposure, but an attenuation of the 
sympathetic autonomic response to a short severe repeated stressor (short 
water immersions). This suggests that the cross adaptation between cold 
habituation and hypoxic conditions observed in the present study may be 
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mediated by a generic habituation to a stressor rather than a specific adaptive 
response to long-term cold exposure. 

It is concluded that repeated cold-water immersions resulted in a reduction 
in the sympathetic autonomic and cardio-respiratory responses during 
moderate exercise in hypoxic conditions. This response may provide a 
generic autonomic cross-adaptive effect for some individuals who are 
exposed acutely to hypoxia.  
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EVIDENCE FOR THERMOREGULATORY BEHAVIOR DURING 
SELF-PACED EXERCISE IN THE HEAT 

Zachary J. Schlader, Stephen R. Stannard, Toby Mündel 

INTRODUCTION 

A notable example of thermoregulatory behavior in humans is voluntary 
exercise (IUPSThermalCommission, 2001).  As the self-selected intensity of 
this exercise is inversely proportional to ambient temperature, (Cabanac & 
Leblanc, 1983), self-paced exercise under thermal stress may provide 
meaningful insights into the control of thermoregulatory behavior in humans 
(Flouris, 2010; Schlader et al., 2010).  Thus, the purpose of this investigation 
was to evaluate whether reductions in exercise intensity during self-paced 
exercise in the heat are, by definition, thermoregulatory behaviors.  This was 
achieved by completing two studies. 

METHODS 

Study A:  In HOT (35°C), MOD (20°C), or COLD (5°C) conditions, 8 male 
cyclists completed self-paced exercise on a cycle ergometer.  The subjects 
completed a set amount of work as quickly as possible and exercise intensity 
(power output; PO) was freely adjustable.  Power output, heart rate, mean 
skin (TSk), core (intestinal; TC), and mean body temperatures were measured 
(or calculated) and recorded each 10% completed, while thermal comfort and 
perceived exertion (RPE) was recorded each 20% completed.  Total body 
heat storage was calculated via mean body temperature, estimated from TC 
and TSk, the relative weightings of which was dependent upon the ambient 
temperature.   

Study B:  Under uncompensable heat stress (UNCOMP; 40.2 ± 0.2°C, 19 ± 
3% RH) and in a compensable environment (COMP; 20.4 ± 1.2°C, 22 ± 8% 
RH), 11 male volunteers each completed self-paced exercise on a cycle 
ergometer.  The subjects were instructed to complete as much work as 
possible in 30 min.  Exercise intensity was a function of self-selected cycling 
cadence and the consciously selected ergometer resistance.  Cycling 
cadence, ergometer resistance, work completed, PO, heart rate, TSk, TC 
(rectal), thermal comfort, RPE and expired gases were measured and 
recorded every 5 min.  Body heat exchange was estimated from partitional 
calorimetry, while thermal compensability was calculated via the heat strain 
index (HSI). 

Statistical Analysis:  Data were analyzed using two-way repeated 
measures ANOVA.  Linear regression was used to identify trends over time.  
Relationships between variables were identified via Pearson correlations.   

RESULTS 

Study A:  Time to completion was longer (P<0.001) in HOT (75.3 ± 7.2 min) 
compared to both MOD (64.3 ± 6.1 min) and COLD (63.1 ± 4.8 min) which 
were similar (P>0.05).  In HOT, PO was reduced (P<0.001) relative to MOD 
and COLD after 50% of the required work was completed.  Over time PO 
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variability in HOT was explained (P<0.001) by the linear regression model (r = 
-0.55), but not (P>0.05) in MOD (r = -0.13) or COLD (r = 0.13).  Core 
temperature was similar (P>0.05) between COLD and MOD, yet in HOT it 
became and remained elevated (P<0.05) after 70% of the required work was 
completed (Final TC: HOT, 39.2 ± 0.7°C; MOD, 38.6 ± 0.7°C; COLD, 38.6 ± 
0.5°C).  In all trials, total body heat storage was similar (P>0.05) until 50% 
completed at which point it became, and remained, higher (P<0.001) in HOT 
relative to COLD and MOD.  In HOT, PO and thermal discomfort were found 
to be inversely correlated (r = -0.937; P<0.05), while no relationships between 
PO and thermal discomfort were found in MOD (r = -0.050; P>0.05) or COLD 
(r = -0.589; P>0.05).  Similarly, in HOT PO and total body heat storage were 
found to be inversely correlated (r = -0.945; P<0.001), while no relationships 
between PO and total body heat storage were found in MOD (r = -0.373; 
P>0.05) or COLD (r = -0.364; P>0.05). 

Study B:  Total work completed in COMP (346.6 ± 79.7 kJ) was greater 
(P<0.001) than that during UNCOMP (271.5 ± 58.4 kJ).  Cycling cadence, 
self-selected ergometer resistance, and PO responses are presented in 
Figure 1(I).  Core temperature rose (P<0.01) similarly (P>0.05) in both 
UNCOMP and COMP through 25 min.  However, final TC (at 30 min) was 
higher (P<0.05) in UNCOMP (final TC: UNCOMP, 38.7 ± 0.3°C; COMP, 38.5 ± 
0.3°C).  Total body heat storage increased (P<0.05) over time in both 
UNCOMP and COMP, but was higher (P<0.001) in UNCOMP at all time 
points (at 30 min: COMP, 260 ± 34 kJ/m2; UNCOMP, 425 ± 118 kJ/m2).  
Thermal compensability is presented in Figure 1(II).  In UNCOMP, PO and 
thermal discomfort were inversely correlated (r = -0.953; P<0.01), while no 
relationship between PO and thermal discomfort was found in COMP (r = 
0.347; P>0.05).  Similarly, in UNCOMP PO and total body heat storage were 
found to be inversely correlated (r = -0.994; P<0.001), while no relationship 
between PO and total body heat storage was found in COMP (r = 0.564; 
P>0.05). 
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Figure 1:  I: Cadence (A), ergometer resistance (B), and power output (C) during 30 min of 
self-paced exercise under uncompensable heat stress (UNCOMP) and in a compensable 
(COMP) thermal environment (mean ± SE).  * indicates significantly different than COMP 
(P<0.05); Letters indicate significant differences (P<0.05) between underlined and the 
subsequent time points.  II: The time course of changes in the heat strain index (A), the 
required evaporation for heat balance (Ereq; B), and the maximal evaporative capacity of the 
environment (Emax; C) during 30 min of self-paced exercise in a compensable (COMP) and 
uncompensable (UNCOMP) thermal environment (mean ± SE).  COMP - There were no 
changes over time in the heat strain index, Ereq (r = 0.636, P>0.05), or Emax (r = 0.636, 
P>0.05). UNCOMP - * indicates a negative linear relationship (Ereq: r = -0.955, P<0.01); † 
indicates a positive linear relationship (Emax: r = +0.991, P<0.01); letters indicate significant 
differences (P<0.05) between underlined and the subsequent time points. 

CONCLUSION 

The observed reductions in exercise intensity in the heat appear to be 
associated with increases in thermal discomfort and seem to be consistent, 
consciously mediated, responses.  These data also indicate that this behavior 
places the exerciser in a more preferred situation for heat exchange, which 
involves the attainment and maintenance of heat balance.  Thus, reductions in 
intensity during self-paced exercise in the heat are, by definition, 
thermoregulatory behaviors. 
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EVALUATION OF HEAT EXPOSURE EFFECTS ON COGNITIVE 
FUNCTION BY ANALYZING OXY-HEMOGLOBIN CHANGES IN 

PRE-FRONTAL CORTICAL AREA 

Titis Wijayanto, Hitoshi Wakabayashi, Sayo Toramoto & Yutaka Tochihara 

INTRODUCTION  

There have been many studies examining the physiological responses to 
thermal stress; however its effect on cognitive function remains unclear. 
Despite a number of reviews on the effect of thermal environment on cognitive 
functioning (Hancock and Vasmatzidis 2003; Ramsey 1995), there is little 
empirical evidence to explain whether thermal stress increases or decreases 
cognitive function. Recent studies on the effect of heat exposure on 
performance employed brain activity analyses to investigate the underlying 
mechanisms of cognitive and mental performance in thermal environment 
(Hocking et al. 2001). It is believed that brain activity analyses are useful for 
investigating the functional brain area during cognitive tasks. However, a 
further investigation in to the mechanism responsible for the relationship 
between heat exposure and mental performance is necessary.  

This study investigated the effect of heat exposure induced by leg 
immersion on human cognitive ability. As an attempt to understand the 
mechanisms responsible for the relationship between heat exposure and 
cognitive functioning, oxy-hemoglobin changes (∆O2Hb) on the pre-frontal 
cortical area using near infrared spectroscopy (NIRS) were utilized to analyze 
brain activation whilst subject performed mental task during exposure induced 
by immersing lower legs in hot water. 

METHODS  

A total of 11 healthy Japanese students took part in this study. Mean values 
and standard error of mean (SE) for the subjects were 22.1 ± 1.1 years of 
age, 171.0 ± 6.7 cm in height, 62.4 ± 6.7 kg body mass, 1.73 ± 0.10 m2 body 
surface area (BSA), and 0.03 ± 0.002 m2·kg-1 BSA/body mass. The subjects 
were all right handed and had normal or corrected-to-normal visual acuity.   

Prior to the experiment, subjects were familiarized with the mental task used 
in the experiment and were asked to complete a series of practice trials of the 
cognitive tasks to reduce learning and anxiety effects. Subjects immersed 
their lower legs to the knees in water maintained at three different 
temperatures, 38ºC, 40ºC, and 42ºC, in an air temperature of 28ºC and 50% 
relative humidity. The water temperature for leg immersion was controlled 
using a water heater to ensure that in remained stable throughout the 
experiment. Every subject was tested under each of the three different water 
temperatures in random order and on separated days to counteract any 
interactions between the trials. After undergoing 45 min of leg immersion, the 
subjects were requested to perform a modified computer version of the 
forward digit spanning test to assess their short-term memory.  

Rectal temperature (Tre) was monitored every 2 s with thermistor probes 
(LT-8A; Gram Corporation, Saitama, Japan). Tre was monitored with a 
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thermistor probe inserted 13 cm beyond the anal sphincter throughout the 
test. Tympanic temperature (Tty) was monitored every second using an 
infrared tympanic temperature sensor (MIMI-chan, Bioeconet, Sapporo, 
Japan). ∆O2Hb was monitored simultaneously using the continuous 
wavelength of near-infrared light at wavelengths of 775, 810, and 850 nm 
(NIRO 200, Hamamatsu Photonics, Japan). The distance between near 
infrared emitters and detectors was set at 4 cm to allow a light penetration 
depth into brain tissue of approximately 1.3 cm. The probes were placed on 
both sides of the subject's forehead to measure hemodynamic responses in 
the right and left pre-frontal cortices. Pre-frontal cortex, left and right 
hemisphere (FP1 and FP2 according to the international 10-20 system), were 
selected for NIRS measurements due to technical limitations and the fact that 
pre-frontal cortex plays important role in mediating somatic and behavioral 
responses to stress (Buijs and Van Eden 2000). ∆O2Hb was measured after 
the 45 min of leg immersion (before cognitive task) and during the tasks. For 
the measurement of ∆O2Hb before the tasks, the subjects were asked to 
close their eyes and be relaxed for 2 min during measurements.  

RESULTS  

∆Tty and ∆Tre kept increasing with time during the leg immersion in the 
40ºC and 42ºC conditions of water temperature, while they remained flat 
during immersion in the 38ºC condition. The result of ANOVA showed that the 
main effect of water temperature for leg immersion on ∆Tty and ∆Tre after 45 
min leg immersion were significant (p<0.05), indicating that there were 
differences in the level of thermal strain induced by three different leg 
immersion water temperature conditions. Subsequent analysis by Bonferoni 
post-hoc comparison tests showed significantly larger increases of ∆Tty and 
∆Tre at 42ºC water temperature for leg immersion compared to 38ºC 
conditions, as summarized in Table 1. 
Table 1. The increases in rectal temperature (∆Tre) and tympanic temperature (∆Tty) after 45 
min of leg immersion (before cognitive task performance), Oxy-hemoglobin changes (∆O2Hb) 
before task performance. Values are means ± SE. (*significant at p<0.05 compared to 38ºC 
condition after 45 min of leg immersion prior to the cognitive test) 

 Water temperature (Tw) conditions for leg immersion 

 Tw = 38°C Tw = 40°C Tw = 42°C 

∆Tre (°C) 0.03±0.04 0.20±0.03* 0.31±0.03* 
∆Tty (°C) 0.08±0.05 0.24±0.05 0.38±0.07* 
∆O2Hbbefore task -left (a.u) 2.26±1.11 5.53±1.13 9.68±2.17* 
∆O2Hbbefore task -right (a.u) 2.31±1.30 5.12±0.99 8.67±2.01* 
 
The mean of ∆O2Hbbaseline value before subjects performed digit spanning 

test was significantly different among the three different water temperature 
conditions. Post-hoc analysis of ∆O2Hbbaseline prior to the start of the tasks 
indicated that the ∆O2Hb in the bilateral pre-frontal cortex were significantly 
higher after 45 min of leg immersion in the 42ºC condition than after 45 min of 
leg immersion in the 38ºC condition (p<0.05). 
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Fig 1. The mean percentage of correct answers for each digit string-length during leg 
immersion among three different conditions of water temperature. 
 

The percentage of correct answers in the digit-span test decreased as the 
digit length increased. However, there was little difference in the percentage 
of correct answers among the three water temperature conditions. The 
performance data showed great variation between individuals; i.e., some 
subjects shows decreases, while the rest shows increases or no change in 
performance during leg immersion in the 42ºC water temperature condition. 

 
Fig 2. Change of oxy-hemoglobin in the left and right hemisphere of pre-frontal cortex during 
performance of digit spanning test for each digit string-length during leg immersion in three 
different conditions of water temperature. (*significant at p<0.05 compared to 38ºC condition) 
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Although there are no significant effects on the percentage of correct 
answers in the digit span test between the three trials, the ∆O2Hb in left 
hemisphere was significantly higher in the 42ºC water temperature condition 
than in the other conditions during the performance of the longest digits (10 
digits). In addition, in the right hemisphere, the ∆O2Hb values during the 
performance of the digit span test at digit length of 5, 6, 8, and 9 digits were 
significantly higher in the 42ºC condition (Fig 2). 

DISCUSSION 

There were significant differences in the physiological responses produced 
by leg immersion at different water temperatures prior to the task 
performance, but no significant differences in the percentage of correct 
answers on the digit span test for each digit string-length among the three 
temperature conditions. During leg immersion at 42ºC condition ∆Tty and ∆Tre 
were less than 0.4ºC, indicating that the heat exposure in this study did not 
meet the criterion proposed by Hancock and Vasmatzidis (2003) in their 
review of a core temperature increase that was able to impair cognitive 
functioning . Therefore, the heat exposure induced in this study might have 
had relatively little impact on the cognitive ability of the subjects.  

Prior to the task performance, as well as during task performance, we 
observed higher increased of ∆O2Hb in 42ºC temperature condition compared 
to other conditions. This Increase in ∆O2Hb might indicate brain activation 
during cognitive task performance. It can be presumed that during heat 
exposure, the brain requires greater effort to preserve normal cognitive 
function due to thermal strain placed on it. The absence of significant changes 
in performance suggests that the ∆O2Hb level is increased in pre-frontal 
cortex, in order to maintain the same level of performance under thermal 
strain. Based on the findings of this study, brain activity analysis is valuable 
tool for analyzing the effects of thermal environment on physiological 
responses, as well as cognitive functioning during heat exposure. 
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THE EFFECT OF SKIN SURFACE MENTHOL APPLICATION 
ON RECTAL TEMPERATURE DURING PROLONGED 

IMMERSION IN COOL AND COLD WATER 

Petros Botonis, Evgenia Cherouveim, Stelios Kounalakis, Maria Koskolou & 
Nickos Geladas 

INTRODUCTION  

Ιt is known that skin surface menthol application induces thermal gain 
responses in resting animals (Tajino et al., 2007) and faster rectal 
temperature (Tre) rise in exercising humans (Kounalakis et al., 2010). 
Immersion in cold water could be beneficial for cooling hyperthermic 
individuals (Casa et al., 2010) but it may also lead to hypothermia. It has been 
found that spread of menthol on skin induces thermogenesis and smaller 
rectal temperature (Tre) decline during prolonged immersion in cool water 
(24°C, Botonis et al. 2009), mainly via excitation of cold afferent pathways 
(Hensel and Zotterman, 1951). It is currently unknown, however, whether 
menthol appliance before immersion has similar effect during prolonged 
immersion in cool and cold water. This was a pilot study, to compare the 
effect of skin surface menthol application on rectal temperature response 
during 60-min immersion in 24°C and 14°C. 

METHODS 

Four healthy male subjects (age: 24.0±3 years, stature: 180.0±8 cm, body 
weight: 75.5±11, and body fat: 9.69±1%) participated in this study. Each 
experiment was performed at the same time of day, at least 3 hours after a 
light meal. After the subjects emptied their bladder, their body mass was 
measured (Bilance Salus, Milano) and a fast response thermistor (SS7, 
Biopac System, Inc., USA) was placed in the rectum, at a depth of 13-15 cm 
from the sphincter. Τhe experimental protocol consisted of cycling (Lode, 
Groningen, Holland) at 50% of their individual maximum heart rate (HR: 220-
age) so long as to reach 38ºC in Tre followed by 60-min immersion in 24ºC or 
14°C of stirring water on two separate conditions : a) without (NM) and b) with 
(M) skin surface menthol application administered at random and 
counterbalanced order. In menthol condition, immersion was preceded by 
application of 4.6 gr menthol per 100 ml of water on the skin all over the body. 
All experiments were conducted at similar environmental conditions of 
temperature (25.0±1.0°C) and relative humidity (46.2±4.3%). 

RESULTS 

All participants started immersion with similar Tre (38.14±0.19°C) and no 
differences were detected between conditions (14NM: 38.11±0.15°C, 14M: 
38.10±0.29, 24NM: 38.17±0.09 and 24M: 38.17±0.25, p>0.05). Throughout 
immersion, mean Tre reduction was indifferent in 24 NM and 14 NM condition 
(p>0.05). However, the mean Tre decline was slower in 24 M condition 
compared to 24 NM and 14NM, condition (p=0.04 and p=0.05, respectively, 
Fig. 1). Moreover, it was observed that from 40th min of immersion and 
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onwards Tre reduction was significantly smaller in 14M than 14NM and 24 NM 
trials (Fig. 1). 

 

 
Fig 1. The Tre decrease (ΔΤre) during 60-min immersion in water of 24°C and 14°C, with (M) 
and without (NM) menthol application. *, Significant difference between 24M and 24 NM 
(p<0.05) and 24 M and 14 NM (p<0.05), #, significant difference from 40th to 60th min of 
immersion between 14M and 14NM (p<0.05) and 14M and 24NM (p<0.05). Values are 
means±SD. 

CONCLUSION 

Initial results show that the drop of rectal temperature is similar between 
cool and cold water. Skin surface menthol application seems to induce a 
deceleration of Tre decrease during immersion in water of 14°C  and 24°C, 
with the latter effect being accentuated . The above finding suggests that 
menthol is an efficient mean to protect deep body temperature from reaching 
hypothermia. 
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THERMAL COMFORT LIMIT OF THE WHOLE BODY AND 
LOCAL SKIN WETTEDNESSES FOR JAPANESE YOUNG 

FEMALES  

Fukazawa Takako, Shimizu Tsumugi, Fukuyama Rie, & Yaku Ayumi  

INTRODUCTION  

It has been reported that thermal and humidity sensations depend on the 
location in the whole body (e.g., Uchida and Tamura, 2007). These 
experimental results indicate that a difference exists in the thermal comfort 
limit among locations of the body. Therefore, the local thermal comfort limit 
has been examined through a series of experiment in term of a convenient 
index of the skin wittedness (Gagge, 1937) in the present study.  
METHODS  

Sixteen healthy Japanese young females participated in the experiment. 
Their anthropometric data were 22.1 ± 0.3 year-old in age, 160.8 ± 3.0 cm in 
height, 51.8 ± 6.2 kg in weight, 20.0 ± 2.1 kg/m2 in BMI, and 23.7 ± 5.5 % in 
body fat.  

In the present work, three locations of trunk, arms, and thighs were 
selected as target locations because those surface areas were almost the 
same and about 17 % of the body surface. Moreover, their sweat rates were 
almost identical, around 3-4 g/h in resting condition under the thermally 
neutral environment.  

Skin wittednesses of both the whole body and the target location were 
simultaneously controlled at a desired level by means of 3 types of test over-
all garments. In each garment, water vapour permeable material was basically 
employed in most of parts, while water vapour impermeable one was 
employed in the target location. In the present study, one additional test 
garment, in which all its area consisted of water vapour permeable material, 
was also used as a control condition. Therefore, the employed test garments 
were 4 in total. 

The experiment was conducted in a wind tunnel. Its environmental 
condition was regulated at 22 °C with 45 %RH. In the first 15 min, the subject 
maintained a rest condition under an air velocity of 0.1 m/s and then walked 
on a treadmill with a speed of 4.5 km/h for 45 min with an air velocity of 0.2 
m/s. During the experiment, skin surface temperature and humidity were 
continuously measured in 8 sites and 5 sites (MSR 12, MSR Electronics 
GmbH, Switzerland), respectively. Tympanic temperature was also 
continuously measured as core temperature (DBTL-1, Techno Science, 
Japan). Thermal comfort and thermal, and humidity sensations were also 
voted in the whole body and in the individual locations with an interval of 5 
min. 

RESULTS  
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The obtained thermal comfort limits in the whole body and in the target 
locations in terms of the skin wittedness are shown in Figure 1. The comfort 
limit is 0.21 ± 0.03 (-) in the whole body and those of the target locations are 
0.30 ± 0.05 (-) in the trunk, 0.15 ± 0.02 (-) in the arms, and 0.16 ± 0.02 (-) in 
the thighs. According to the one-way ANOVA analysis, difference in the 
thermal comfort limit among the target locations was found to be significant 
(p< 0.001).  In addition, through the post hoc comparison, the local comfort 
limit for the trunk was found to be significantly larger than the rest of target 
locations. On the other hand, the thermal comfort limit for the arms and the 
thighs were the same level.  

The local thermal comfort limit is found to be significant. This regional 
difference in the comfort limit is strongly affected by difference in perception 
against moisture (e.g., Toftum et al., 1998; Fukazawa and Havenith 2009), 
because moisture level of the skin surface is a predominant factor in the 
thermal comfort under warm environments or during exercise (e.g., Winslow 
et al., 1939) Therefore, the larger comfort limit in the trunk than those in the 
arms and the thighs. 

The thermal comfort sensation decreased with the increasing skin 
wittedness when the whole body and the location reached their comfort limit. 
For Japanese young female, the decrease in the thermal comfort sensation 
due to the increase the skin wittedness can be expressed by the following 
equations;  

Thermal comfort in the whole body= -6.79wwhole + 1.46, (1) 
Thermal comfort in the trunk= -4.67wtrunk + 1.32 ,  (2) 
Thermal comfort in the arms= -10.06warms + 1.61,  (3) 
Thermal comfort in the thighs= -6.56wthighs + 1.14,  (4) 

Fig 1. Thermal comfort limits in the whole body and the target locations in terms of the 
skin wettedness. (**): Differences among the target locations p< 0.01. 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 200 

 where w is the skin wittedness and the subscript the target location. Their 
correlation coefficients of the whole body, the trunk, and the thighs were found 
to be higher than 0.80 and that of the arms was found to be 0.77 with a high 
significance of p< 0.001 in all the test conditions. 

   Absolute values of the slope in the target locations are shown in Figure 2, 
because reliabilities of all the equations are confirmed. The thermal comfort 
sensitivity is defined as the increase in the skin wittedness when the thermal 
comfort sensation decreases 1 point in terms of the employed sensation 
scale. 

The thermal comfort sensitivities are 0.19 ± 0.01 for the trunk, 0.06 ± 0.01 
for the arms, and 0.09 ± 0.01 for the thighs. The one-way ANOVA analysis 
revealed the sensitivity was statistically different among the target locations 
(p< 0.001). In addition, a result of the post hoc test showed the thermal 
comfort sensitivity in the trunk was more insensitive compared to those in 
other 2 target locations. In another word, the trunk can be in a thermal 
discomfort state with a larger increase in the skin wittedness, while the arm 
and the thighs can be in a thermal discomfort state with a smaller increase in 
their skin wettednesses.  

CONCLUSION 

Thermal comfort sensation depends upon the location in the body. Thermal 
comfort limit of the trunk is larger than those of the arms and the thighs in 
terms of the skin wittedness. In addition, thermal comfort sensitivity of the 
trunk is less sensitive than those of the arms and the thighs after reaching 
their thermal comfort limits. 
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PHYSIOLOGICAL DEMANDS OF MUD RESCUE  

Gemma Milligan, James House, Geoff Long & Michael Tipton   

INTRODUCTION  

Determining the physiological cost of occupationally-related tasks is 
becoming more common in industry and the emergency services, where 
occupational demands are considered high (Rayson et al., 2000; Reilly & 
Tipton, 2005; Reilly et al., 2006). It is important to determining the 
physiological demands of such tasks to ensure the safe and successful 
completion of the job. One such task is mud rescue. A mud rescue consists of 
travelling to, and extracting acasualty that has become trapped on a mud flat. 
Previous research foundthat walking across the mud to a casualty, whilst 
pulling rescue kit, represented a greater physiological demand than digging- 
free a casualty from the mud (Milligan et al., 2010). A mud team comprises of 
two mud technicians and an operations team (minimum of four personnel). 
The mud technicians go out onto the mud attached to a winch line, pulling a 
rescue sled, loaded with rescue equipment (61 kg). A rescue distance of 200 
m has been determined to be the maximum distance a mud team would be 
expected to travel before an alternative rescue technique would be sought.  It 
was recommended by the relevant authority, that a walking speed of 3 km.h-1, 
was an appropriate speed at which to conduct a rescue, thus completing the 
200 m in approximately 4 minutes. The aim of his study was to determine the 
physical and physiological costs of mud rescue at the recommended speed.   

METHODS  

The tests were conducted on the mud flats in Portsmouth, Weston-super- 
Mare and Clevedon (UK). Forty volunteers aged 18 to 60 including 
experienced mud technicians (n=14) and the staff and students (n=26) of 
University Portsmouth were asked to walk 150 m in three minutes (3 km.h-1), 
this involved a 75 m walk with a turn, whilst wearing dry suits and Mudders 
footwear (Ambarr Product Inc. USA), the three minute walk served to 
accustom participants with little or no experience on the mud. Following a 3 
minute rest participant were required to walk a further 150 m, whilst pulling a 
loaded stretcher in pairs (61 kg). The metabolic and cardiac demands of mud 
rescue were measured using a metamax ambulatory gas analysis system 
(Cortex Biophysic GMbH, Germany) and HR monitor (Polar� HRM, UK). As 
part of a linked study, the maximal oxygen uptake (VO2max) was recorded for 
12 of the 40 participants (Milligan et al., 2010).  

RESULTS  

Participant demographics are presented in Table 1. Of the 20 teams (40 
individuals) tested on the mud, four teams were able to complete the stretcher 
pull at the required average pace of 3 km.h-1 or faster. Fourteen teams 
completed the task at a fastest average pace of 2.9 km.h-1 and a minimum 
average pace of 1.48 km.h-1. Two teams failed to complete the course due to 
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exhaustion of a team member. Figure 1 shows the VO2 required to travel at 
various speeds across the mud.   

 
Table 1. Test group one, average participant demographics (n = 40).  

 
 

 
Figure 1. Oxygen consumption (VO2) required to pull a stretcher 150 m over the mud in 
relation to speed travelled [each point represents the average O2 of two people pulling the 
stretcher, (n = 36), this was to ensure that workload was spread equally across the pair]. *NB. 
The two teams that failed to complete the scenario are not represented on the graph.  

Based on these data (Figure 1), it was clear that teams struggled to 
complete the task in the required 3 minutes due to the intensity of the work 
demand. Thus the regression equation presented in Figure 1 was used to 
determine the VO2 requirement at different speeds and the distance that 
would be covered in this time (Table 2).  

Table 2. Predicted oxygen requirement and maximum oxygen uptake scores required to walk  
200 m on the mud (data from inexperienced teams).  

 
Of the 18 mud teams that completed the test, VO2max data  were recorded 

for six of the non-experienced mud teams (n = 12). Figure 2 shows the 
average (of the two participants making up the mud team) VO2max and O2 
requirement for walking on the mud and the percentage of VO2max that the 
mud walk required. Of the six mud teams presented only the first team 
completed within 3 minutes, the other teams were either 15 or 20 seconds 
over the 3 minutes therefore reducing their average walking pace to 2.8 km.h-

1 and 2.7 km.h-1 respectively.    
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Figure 2. Rate of oxygen consumption (VO2) required to pull a stretcher 150 m in relation to  
maximal oxygen uptake and time taken to complete the task (6 mud teams; n=12). NB: The  
percentages reported are the average VO2 required to pull a stretcher across the mud as a  
percentage of VO2max.The time reported above the pairings was the time taken to complete  
the task. 

DISCUSSION/CONCLUSION  

Mud rescue is a physically demanding task, requiring people to work at 
high percentages of their aerobic capacity. This necessitates health as well as 
fitness considerations. Individuals that were experienced in mud rescue were 
considerably more economical on the mud; requiring an oxygen consumption 
that was approximately 24 % lower for a given speed. It has been reported 
that economy is not only affected by physiological parameters such as 
O2max, but also mechanical factors and training status (Williams & 
Cavanagh; 1987; Saunders et al., 2004). This suggests that those 
experienced in mud rescue have greater mechanically efficiency and training 
specificity for this task.  

These data highlight the need for mud rescuers to be fit, healthy and 
regularly, and realistically, practise on the mud.  
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HEAT ACCLIMATIZATION IN LINGUISTIC DIMENSIONS 
EXPRESSING THERMAL SENSATION: A COMPARISON 

BETWEEN INDONESIAN AND JAPANESE 

Yutaka Tochihara, Joo-Young Lee, Hitoshi Wakabayashi, Titis Wijayanto, 
Ilham Bakri & Ken C. Parsons 

INTRODUCTION  

Acclimatization is defined as physiological or behavioral changes occurring 
within the lifetime of an organism that reduce the strain caused by stressful 
changes in the natural climate. Heat acclimatization is triggered as a response 
to a variety of complex environmental factors in hot climates. Over the past 
half century, a number of studies on the physiological adaptation involved in 
heat acclimatization have been reported (Taylor 2006; Wakabayashi et al. 
2010; Wijayanto et al. 2010). In contrast, the heat acclimatization of psycho-
physiological traits has been a relatively neglected area of research. However, 
perceived thermal sensation has significant implications on our 
thermoregulatory behavior, which can extend our homeostatic range in hostile 
environments. Thermal perception is cognized through ‘words’ in the mind. It 
is reasonable to assume that there will be variations in the linguistic 
dimensions of thermal sensation descriptors among different ethnic groups 
because there are a variety of climates on earth. In terms of climatic 
acclimatization, there are no comparative studies on ethnic differences in the 
linguistic dimensions expressing thermal sensation. The concept of ‘linguistic 
thermal acclimatization’ is newly presented in the present study. The purpose 
of this study was to investigate whether there are ethnic differences in 
linguistic dimensions expressing thermal sensation between tropical 
(Indonesians) and temperate indigenes (Japanese). We hypothesized that in 
the Indonesian language the term ‘cool’ implies thermal comfort. 

METHODS  

A total of 458 Japanese and 601 Indonesians took part in this survey. The 
questionnaire consisted of a total of 11 questions that were used to test the 
hypothesis (Fig.1) and 3 additional questions that were used to gain 
information about the subjects' daily heating and cooling habits (Q.1 and Q.2) 
and thermal susceptibility (Q. 3: I am highly sensitive to Cold, Heat, Both, or 
Neither). In particular, eight questions (Q. 5 to 12) were constructed based on 
the concept of conditional probability: P(A|B), as introduced by Lee and 
Tochihara (2010). Our hypothesis was bilaterally examined using the concept 
of conditional probability for both P(A|B) and P(B|A). All questions in the 
survey were written and asked in either Japanese or Indonesian for each 
respondent. In the present study, the terms ‘coolJP’ and ‘coolID’ stand for ‘cool’ 
in Japanese and ‘cool’ in Indonesian, respectively. The same applies to other 
thermal descriptors. The frequencies of the responses to each question were 
analyzed. Group differences in response frequencies between Japanese and 
Indonesians were tested using the chi-square test and cross-tabulation 
analysis using SPSS v. 19.0. Significance was set at p<0.05. 
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Q.4. Please select from the example box above, one word which is the closest description for YOU of a feeling of thermal 

comfort.   ----------------------------------------------------------------------------------------------------------------------------(                                    ) 

Q.5. Imagine that YOU feel ‘Slightly hot’. In this case, which phrase best describes YOUR feeling? 
  ① I am generally satisfied with my thermal condition.  

  ② I am generally dissatisfied with my thermal condition.  

③ I am neither satisfied nor dissatisfied with my thermal condition. 

④ I don’t know.  
Q.6. Imagine that YOU feel ‘Warm’. In this case, which phrase best describes YOUR feeling? 

  ① I am generally satisfied with my thermal condition.  

  ② I am generally dissatisfied with my thermal condition.  

③ I am neither satisfied nor dissatisfied with my thermal condition. 

④ I don’t know.  

Q.7. Imagine that YOU feel ‘Slightly cold’. In this case, which phrase best describes YOUR feeling? 

  ① I am generally satisfied with my thermal condition.  

  ② I am generally dissatisfied with my thermal condition.  

③ I am neither satisfied nor dissatisfied with my thermal condition. 

④ I don’t know.  
Q.8. Imagine that YOU feel ‘Cool’. In this case, which phrase best describes YOUR feeling? 

  ① I am generally satisfied with my thermal condition.  

  ② I am generally dissatisfied with my thermal condition.  

③ I am neither satisfied nor dissatisfied with my thermal condition. 

④ I don’t know.  
Q.9. Imagine it is a hot and humid summer day. YOU walk from an air-conditioned building into the hot and humid outside 

environment. YOU feel ‘a little thermally uncomfortable’ but YOU are not sweating yet. YOUR thermal feeling would be (             ).   

Please select one word from the above Example Box, and insert the corresponding number between the parentheses. 
Q.10. Imagine it is a cold and windy winter day. YOU walk into a well-heated building from the cold and windy outside 

environment. YOU feel ‘thermally comfortable’ and are not shivering. YOUR thermal feeling would be (                 ).  Please select 

one word from the above Example Box and insert the corresponding number between the parentheses. 

Q.11. Imagine it is a cold and windy winter day. After staying in a well-heated building, YOU then walk out from the well-heated  

building to the cold outside environment. Outdoors, YOU feel ‘a little thermally uncomfortable’ and have some goose bumps, but 

YOU are not shivering yet. YOUR thermal feeling would be (                  ).  Please select one word from the above Example Box 

and insert the corresponding number between the blank parentheses. 

Q.12. Imagine it is a hot and humid summer day. After walking in the street without any shade or sweating, YOU then walk into    

an air-conditioned building. Inside the building, YOU feel ‘thermally comfortable’. At this moment, YOUR thermal feeling would  

be (                    ).  Please select one word from the above Example Box and insert the corresponding number between the 

parentheses. 

Q.13. What temperature do YOU consider as ‘hot weather’? There are no correct or incorrect answers.     

    ① higher than 26oC  ② higher than 29oC   ③ higher than 32oC   ④ higher than 35oC  ⑤ higher than 38oC  ⑥ higher than 40oC 
Q.14. What temperature do YOU consider as ‘cold weather’? There are no correct or incorrect answers.     

    ① lower than 20oC    ② lower than 15oC    ③ lower than 10oC    ④ lower than 5oC       ⑤ lower than 0oC       ⑥ lower than -5oC 

Example Box      

① Very cold ② Not hot or cold  ③ Cold ④ Cool  ⑤ Very hot ⑥ Slightly cool 

  ⑦ Slightly hot ⑧ Hot ⑨ Slightly cold ⑩ Slightly warm ⑪ Warm   

 
Fig 1.  Questions that were asked in the questionnaire. 

RESULTS  

For Indonesians, the closest descriptor of a feeling of thermal comfort was 
‘coolID’ (74.6%) followed by ‘slightly coolID’ (7.4%), ‘slightly coldID’ (4.8%), and 
‘coldID’ (4.8%) (Fig. 2). Thermal descriptors describing coolness or cold 
accounted for 91.6% of total Indonesian responses, while only 4.3% of 
Indonesian respondents chose warm descriptors (slightly warm, warm, slightly 
hot, or hot) as the closest descriptor of a feeling of thermal comfort (p<0.001). 
On the other hand, the Japanese participant’s responses were relatively 
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uniformly distributed among ‘coolJP’ (26.9%), ‘slightly coolJP’ (20.8%), ‘slightly 
warmJP’ (17.7%), ‘not hot or coldJP’ (16.0%), and ‘warmJP’ (14.2%). 

Eighteen percent of the cold susceptible Japanese considered the term 
‘coolJP’ to be the closest feeling to thermal comfort, whereas 76% of the cold 
susceptible (vulnerable) Indonesians stated that the term ‘coolID’ was the 
closest to a feeling of thermal comfort (Fig. 3). In particular, 9% and 12% of 
the heat susceptible Indonesians considered the term ‘slightly coldID’ and 
‘coldID’, respectively, to be the closest descriptions of a feeling of thermal 
comfort.  

 

 
Fig 2. Descriptors chosen as the closest 
description of a feeling of thermal comfort 
(Question 4; χ2 = 348.7, p<0.001; ‘Neither’ = ‘Not hot or 
cold’). 

Fig 3. Descriptors chosen as the closest 
description of a feeling of thermal comfort 
according to individual thermal susceptibility 
(Question 4; χ2=348.7, p<0.001; Neither = Not hot or 
cold; s-cold = slightly cold; s-cool = slightly cool; s-warm 
= slightly warm; Cold S. = cold susceptible individuals; 
Heat S. = Heat susceptible individuals). 

     When the Indonesian respondents imagined a ‘slightly coldID’ feeling, this 
term was closer to a feeling of thermal comfort (57.1%), than a thermally 
uncomfortable feeling (19.8%) (Q.7; Fig. 4). In contrast, the term ‘slightly 
coldJP’ in the Japanese mind was generally cognized as a thermally 
uncomfortable feeling (69.9%). 

 

 
Fig 4. Thermal satisfaction and dissatisfaction in response to Questions 5 to 8 of the 
questionnaire. 

     For Question 13, 44.3% of the Japanese respondents selected ‘higher 
than 29oC’ as representing hot weather, while 29.7% selected ‘higher than 
32oC’. Among the Indonesians, 33.1% considered ‘higher than 32oC’ to 
represent hot weather while 21.4% chose ‘higher than 35oC’. For cold weather 
(Q.14), most Japanese respondents considered ‘lower than 15oC’ (44.1%) 
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and ‘lower than 10oC’ (33.0%) to represent cold weather, while 55.4% of the 
Indonesians considered ‘lower than 20oC’ to represent cold weather. On 
average, the Japanese respondents considered hot weather to be 
temperatures of higher than 30.1 ± 2.8oC and cold weather to be 
temperatures of lower than 13.1 ± 4.4oC, whereas the Indonesians considered 
temperatures higher than 32.4 ± 3.5oC and lower than 16.5 ± 5.2oC to 
represent hot and cold weather, respectively. 

CONCLUSION 

   A new concept of heat acclimatization in terms of the linguistic dimensions 
used to express thermal sensation is presented. Our hypothesis was that the 
term ‘coolID’ in Indonesian implies a feeling of thermal comfort. Evidence for 
heat acclimatization in the linguistic dimensions of Indonesians was detected 
for cool thermal descriptors, but not warm thermal descriptors. 
Simultaneously, it was found that there was an upward shift in the air 
temperature level that was judged to represent cold weather in the minds of 
Indonesians. The present approach unveiled the intersubjective nature of the 
complex cognitive phenomena involved in heat acclimatization, which is 
dependent on interactions between the mind, the thermal environment, and 
the local culture. It seems that intersubjective agreement regarding the 
linguistic dimensions of descriptors expressing thermal sensation is formed 
through long-term heat exposure during daily life.  
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A COMPARISON OF ICE VEST PRE-COOLING AND COLD 
WATER INGESTION ON THERMOREGULATORY RESPONSES 

TO EXERCISE IN THE HEAT WEARING A BOMB DISPOSAL 
SUIT. 

Mike Price, Tom Brownlee, Hannah Goodman, Matt Priest, Sophie Trotter, 
Craig Woollard   

INTRODUCTION  

A range of methods have been examined in order to offset the increase in 
core temperature during exercise in hot conditions whilst wearing protective 
clothing (Smolander et al. 2004, House et al. 2003). The majority of studies 
have used cooling strategies such as hand cooling and/or ice vests during 
rest periods between exercise bouts (Geisbrecht et al. 2000; House et al. 
2003) or ice vests during the exercise periods (Bennett et al. 1995, Smolander 
et al. 2004) in demonstrating improved work capacity (Smolander et al. 2004, 
Bennett et al. 1995). Studies of athletic populations have reported pre-cooling 
with an ice vest for 20 minutes prior to exercise can offset increases in heat 
storage (Price et al. 2009) and improve performance (Arngrïmsson et al. 
2004, Uckert and Joch, 2006). The use of pre-cooling may also help to offset 
the large increases in core temperature observed during exercise in the heat 
while wearing protective clothing. More recently the ingestion of cold water 
prior to and during exercise has also been shown to improve performance 
(Lee et al. 2010). As the immediate nature of many operational activities may 
not always allow pre-cooling, ingesting cold fluid prior to and during exercise, 
if effective, may potentially be a practical alternative for reducing heat strain. 
Therefore, the aims of this study were to compare the effectiveness of ice vest 
pre-cooling and cold water ingestion on reducing the thermal strain during 
exercise in hot conditions while wearing a bomb disposal suit. 

METHODS  

Eight healthy males volunteered to participate in this study which had 
received University Ethical Committee approval (mean ±SD;  age 22 ±3 years, 
body mass 74.5 ±7.5kg). All experiments for each subject were conducted at 
the same time of day, at least 2 hours after a light meal. Following 
familiarization to the protocol, measurements and conditions participants 
undertook three exercise trials in hot conditions (40°C, ~20% relative 
humidity) on different days. The trials involved either; resting in cool 
conditions for 20 minutes prior to donning the bomb disposal suit (Ergotec 
4010, NP Aerospace, UK) and exercising in the heat (CON), pre cooling via 
an ice vest (Arctic heat, Queensland, Australia) for 20 minutes prior to 
donning the suit and exercise (VEST) or ingestion of cold water (~7°C) prior to 
(2 × 250 ml) and during exercise (100 ml every 15 min) (WATER). The 
exercise protocol involved four cycles of operationally representative activities 
including treadmill walking (3 min), manual activity (2 min), crawling and 
searching (2 min), unloaded arm ergometry (3 min) and seated rest (5 min). 
Rectal, aural and mean skin temperature (Ramanathan, 1964) were 
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measured at baseline (-25 min), post cooling / 20 min rest (-5 min), following 
donning of the suit (0 min) and after every activity cycle. Ratings of perceived 
exertion (Borg Scale), thermal strain, thermal comfort and bladder discomfort 
(5 point Lickert scale) were recorded during the walking and arm cranking 
activities. Sweat rate was estimated from changes in nude body mass pre and 
post trial corrected for fluid intake. Physiological and perceptual data were 
analyzed via two-way analysis of variance (time  × trial). Sweat rate and 
changes in both rectal and aural temperature over the exercise period from 
rest were analyzed via one way analysis of variance (SPSS v17). 

RESULTS  

Rectal, aural and mean skin temperatures were similar between trials at 
rest (P>0.05). Aural temperature demonstrated a significant main effect 
between trials (P<0.05; Figure 1) with VEST demonstrating cooler aural 
temperatures than for both the CON and WATER trials. The change in aural 
temperature was smaller for VEST (1.1 ±0.5°C) when compared to both CON 
(1.6 ±0.3°C) and WATER (1.5 ±0.3°C; P<0.05). Rectal temperature 
demonstrated a significant main effect for time (P<0.05) increasing from 
baseline by 50 min (P<0.05). The change in rectal temperature demonstrated 
a similar trend as for aural temperature (0.6 ±0.3, 0.3±0.2, 0.5±0.2°C for CON, 
VEST and WATER, respectively; P=0.085). Mean skin temperature 
demonstrated a significant interaction between time and trial with values being 
cooler during VEST following the cooling period until 26 min of exercise when 
compared to both the  CON and WATER trials (P<0.05; Figure 2). 

 
Fig 1. Aural temperature at rest and during simulated operational activities in the heat for the 
CON, VEST and WATER trials. (S): Period where bomb disposal suit was donned.  
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Fig 2. Mean skin temperature at rest and during simulated operational activities in the heat for 
the CON, VEST and WATER trials. (S): Period where bomb disposal suit was donned. (*): 
Significant difference between VEST and both CON and WATER trials (P<0.05). 

Heart rate demonstrated lower values during VEST than for CON and 
WATER (main effect for trial; P<0.05). With the exception of bladder 
discomfort there were no differences between perceptual variables between 
trials (P>0.05). Bladder discomfort demonstrated a significant interaction with 
ratings being greater during WATER than for the other trials from 26 min of 
exercise until the end of exercise. There were no differences in sweat rate 
between trials. Subjectively, five participants preferred the VEST trial as a 
cooling method whereas three preferred the WATER trial. 

DISCUSSION 

Pre-cooling with an ice vest for 20 minutes was more effective at reducing 
aural temperature and heart rate during exercise when compared to cold fluid 
ingestion both pre and during exercise. Wearing the ice vest for 20 minutes 
reduced mean skin temperature prior to exercise and resulted in cooler mean 
skin temperature values for the first half of the exercise period. The cooling 
procedure likely reduced the rate of skin blood flow increase during exercise 
due to the magnitude of local cooling (Price et al. 2009). However, as torso 
skin blood flow began to increase, blood would be cooled and reduce core 
temperature on return to the central circulation. The delayed reduction in core 
temperature until the latter half of the exercise period would likely translate 
into improved work capacity. 

Cold water ingestion was the preferred cooling method of three of the eight 
participants. However, the larger fluid volume most likely required to reduce 
core temperature via this method with increased in bladder discomfort during 

* 

* 
* 

* 
* 

* 
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exercise suggests that this method may not be an effective means of 
improving work capacity for operational type activities as observed for 
sporting scenarios. This may be especially so when there is limited 
opportunity for alleviating discomfort. This data supports the use of pre 
cooling with ice vests prior to exercise in the heat when wearing a bomb 
disposal suit. 
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GENDER DIFFERENCES AND THERMAL RESPONSES 
DURING EXERCISE IN WARM AND COLD ENVIRONMENTS  

Sandsund Mariann, Renberg Julie, Saursaunet Vegard, Wiggen Øystein 
Nordrum, Færevik Hilde, Tjønnås Maria Suong & Reinertsen Randi Eindsmo  

INTRODUCTION  

The main factors capable of differentiating thermal responses in women 
and men are anthropometric characteristics (e.g. body mass and size), body 
composition (i.e. muscle and body fat content), the properties of female 
physiology (e.g. sex hormones, body water regulation and exercise capacity), 
and social behavior (e.g. daily physical activity) (Kaciuba-Uscilko and Grucza, 
2001). It has been found that the rise in core temperature during exercise at 
moderate and high intensity is independent of the ambient temperature within 
a temperature range of 20 to -10°C (Layden et al. 2002). In contrast, the 
temperature of the skin, and especially the extremities, shows greater 
variation associated with environmental temperature. In cold air there are 
marked differences in skin temperatures between genders (Graham, 1988) 
and studies have shown that women have lower mean skin temperatures at 
rest in cold air (Wagner and Horvath, 1985). We lack a complete 
understanding of all aspects of this phenomenon, but the literature confirms 
that there are gender differences in thermal, metabolic and cardiovascular 
responses to cold stress (Stevens et al. 1987). However, only a small number 
of studies have examined gender differences during exercise in cold and 
warm environments, and to the best of our knowledge, no studies have 
evaluated thermal responses in female and male endurance athletes at 
ambient temperatures below -10° C.   

The objective of this study was to investigate thermoregulatory responses 
in female and male athletes during exercise in cold and warm environments 
ranging from -14 to 20° C. Because blood flow is lower in fat than in muscle 
tissue, and the percent of subcutaneous fat is higher in women, we 
hypothesized that mean skin temperature (Tskin) would be lower in women 
than in men in cold environments, in spite of the rise in core temperature due 
to increased heat production during exercise. We further hypothesized that no 
significant differences of thermal responses between genders would be found 
in warm environments. To this end, we compared the effects of six different 
ambient temperatures on core and skin temperatures during exercise. 

METHODS  

Eighteen well-trained female (n=9) and male (n=9) endurance athletes 
participated in the study. All the women performed the tests during the luteal 
phase of their menstrual cycle. The mean (±SD) physical characteristics of the 
subjects are shown in Table 1. The study was approved by the Regional 
Research Ethics Committee in Medicine, Central Norway. 
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Table 1. Physical characteristic of the participants. Values are means ± SD. 

Participants Age 
yrs 

Height 
cm 

Body mass 
kg 

Body fat 
% 

VO2max 
L·min-1 

VO2max 
ml·kg-1·min-1 

Men (n=9) 25±3 183±7 79±7 12±2 5.6±0.4 71±4 
Women (n=9) 23±3 167±6* 61±7* 25±3* 3.3±0.5* 56±5* 

*Differences between genders, p<0.05. 

Core temperature was measured as rectal temperature (Tre) using a 
thermistor probe. Skin temperatures were measured by skin thermistors (YSI 
400, Yellow Springs Instruments, OH, USA) and Tskin was calculated 
according to Teichner (1958). 

The subjects were dressed in clothing consisting of wind-proof boxer 
shorts, a long-sleeved pullover and long underpants worn under a one-piece 
cross-country skiing suit, plus headgear and gloves. Extra pair of trousers and 
a jacket was worn during the warm-up period. At ambient temperatures of 1 
°C or below, wool mittens and a headscarf were added to the standard 
clothing.  

Each subject completed a set of seven running exercise tests on a treadmill 
in a climatic chamber. One pre-test (at 20.0 °C) and six main tests were 
performed in random order at ambient temperatures of -14, -9, -4, 1, 10 and 
20 °C. Wind velocity was 5 m·sec-1 during all the tests. 

After entering the climatic chamber, the subjects performed a 10-minute 
standardized warm-up exercise at about 60-70% of maximal oxygen uptake 
(VO2max). The subjects then removed the extra trousers and the jacket and 
performed a graded protocol consisting of running four 5-minute periods at 
increasing intensities (65-95% of VO2max), with 2-minute breaks between each 
step.  

Data analysis. A two-way analysis of variance (ANOVA) with repeated 
measures, referred to as time of changes in Tskin, was used to evaluate 
statistical significance (P<0.05) between ambient temperatures within and 
between the female and male groups. 

RESULTS  

Tskin stabilized at 33-34 °C in both groups before the subjects entered the 
climatic chamber. During the graded protocol, when the subjects wore only 
the cross-country ski-suit, Tskin continued to fall and differed from the highest 
(20 °C) to the lowest (-14 °C) ambient conditions by approximately 13 °C 
(women) and 11 °C (men) at the end of the test (Figure 1). A significantly 
lower Tskin was registered in women than in men at the three lowest ambient 
temperatures (-4, -9, -14 °C). In both sexes, significant differences in Tskin 
between all ambient conditions were measured. The lowest individual 
temperature was measured on the front thigh with temperatures at 10.8±2.3 
°C (women) and 17.9±2.4 °C (men). From a  resting value of 37.0- 37.1 °C Tre 
rose with increasing exercise intensity by 1.3-1.7 °C (women, n=9) and 1.0-
1.4 °C (men, n=7) at the end of the test. In women, no effect of ambient 
temperatures on Tre was found. In men Tre was significantly lower at -14 °C, 
than at -9 and 20 °C. A significantly higher Tre was measured in women than 
in men at -14, 1 and 10 °C. 
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Fig 1.  Mean skin temperature under three of the six ambient conditions for women (n=9) and 
men (n=9). # Differences between genders, p<0.05.  
 

DISCUSSION 

The results demonstrated that exercise in cold environments (-14, -9, -4 °C) 
reduced the Tskin more in women than in men, while exposure to warmer 
environments (1, 10, 20° C) caused no differences. Tskin was 2 °C lower in 
women than in men at the end of the exercise period at -14 °C. Exercise is 
associated with cutaneous vasoconstriction (Johnsen et al. 1986) which, 
when combined with cold stress, increases vasoconstrictor outflow to 
cutaneous arterioles to increase insulation and reduce heat loss from the 
body surface. However, the literature is not in agreement concerning the 
cause of the gender differences in Tskin, although some studies have attributed 
this to differences in body fat. This is also a likely explanation in our study, 
since a combined effect of vasoconstriction and increased amount of low-
circulation subcutanous fat in women may have reduced the skin 
temperatures more than in men. According to Graham (1988) there are 
fundamental differences in how women and men respond to cold stress that 
go well beyond thermal responses and include metabolism, the 
cardiovascular system and endogenous opioids. Women also tend to have a 
larger surface area to mass ratio than men, which leads to more rapid heat 
exchange with the environment.  

We found no significant differences in Tskin between genders at ambient 
temperatures of 1, 10 and 20 °C, with a Tskin of 25-26 °C or higher. This 
demonstrates that heat loss mechanisms were activated in both sexes and 
increased blood flow to the skin surface due to a combination of warmer 
ambient conditions and the insulation provided by clothing.  
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CONCLUSIONS 
The present study demonstrates that exercise in cold environments cools the 

skin more extensively in women than in men, while warm environments produce 
no differences in Tskin. This is probably primarily due to differences in body 
composition (i.e. muscle and body fat content) between women and men. 
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ENDURANCE EXERCISE IN THE HEAT: INFLUENCE OF 
AEROBIC FITNESS AND EXERCISE INTENSITY 

Julien D. Périard, Corinne Caillaud & Martin W. Thompson 

INTRODUCTION 

Endurance performance in both aerobically-trained and untrained 
populations is markedly impaired by an early onset of exhaustion in 
uncompensable heat stress conditions. In trained subjects, time to exhaustion 
may be delayed because of an enhanced ability to tolerate high core 
temperatures (Cheung & McLellan, 1998; Selkirk & McLellan, 2001), acquired 
via regular exposure to high core temperatures during exercise, and an 
attenuated cardiovascular response due to physiological adaptations similar 
to heat acclimatization. Several recent studies investigating performance in 
the heat have highlighted the influence of a narrow core-to-skin temperature 
gradient on the partitioning of blood volume during exercise in moderately 
trained subjects (Ely et al., 2010; Kenefick et al., 2010). These studies have 
demonstrated that a decrease in the gradient is associated with a stepwise 
increase in estimated whole body skin blood flow (SkBF). Accordingly, when 
both core and skin temperature increase, cutaneous blood flow and volume 
are enhanced, creating competition for cardiac output (CO) between 
thermoregulatory and metabolic processes. This competition is associated 
with an increase in heart rate (HR) and decrease in central blood volume, 
stroke volume (SV) and mean arterial pressure (MAP) (Rowell, 1974). This 
rise in cardiovascular strain may lead to the attainment of HRmax and a 
decline in CO, reducing maximal oxygen uptake (VO2max) (Arngrimsson et 
al., 2003) and limiting the capacity to perform work in the heat. The purpose of 
this study was to determine the influence of thermal strain on the 
cardiovascular response during moderate and intense exercise to exhaustion 
in an uncompensable hot environment in aerobically-trained and untrained 
subjects. It was hypothesized that trained subjects would fatigue at a higher 
core temperature, but at a similarly narrow core-to-skin temperature gradient 
to untrained subjects. It was further hypothesized that significant 
cardiovascular strain, manifested by an increase in HR to maximum and 
decreases in SV, CO and MAP, would precipitate fatigue at both intensities.  

METHODS 

On three occasions separated by 4 to 7 days, eight trained and eight 
untrained male subjects unacclimatized to heat presented to the laboratory. 
Two of the three trials required subjects to cycle until exhaustion at 60% 
(H60%) and 75% (H75%) VO2max in a hot environment (40°C, 50% RH) with 
a convective airflow of 4.1 m·s-1. In compliance with ethical approval, exercise 
was terminated if a rectal temperature (Tre) of 39.9°C was attained. A control 
(CON) trial was conducted at 60% VO2max for 60 min in 18°C and 40% RH. 
Power output at 60% VO2max was 221.9 ± 29.3 W and 157.5 ± 24.5 W in 
trained and untrained subjects respectively, and 283.1 ± 41.5 W and 206.1 ± 
31.2 W at 75% VO2max. The heat stress index (Ereq/Emax) was 0.93 ± 0.22, 
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1.54 ± 0.20 and 2.06 ± 0.25 for trained subjects, and 0.72 ± 0.17, 1.24 ± 0.14 
and 1.68 ± 0.24 for untrained subjects (CON, H60% and H75%, respectively). 
Mean skin temperature (Tsk), HR, Tre, and SkBF were continuously recorded 
during the three trials. VO2 and CO were measured at 10 and 30 min of 
exercise, and immediately prior to exhaustion. Mean arterial pressure, ratings 
of perceived exertion (RPE) and thermal comfort were recorded every 10 min. 
Blood samples were collected at rest, after 10 and 30 min of exercise, and 
exhaustion. During each trial subjects were permitted to drink ad libitum. A 24 
hr food diary was kept and subjects were asked to replicate their diet before 
each exercise trial. Changes in body mass were determined at the conclusion 
of each trial and corrected for respiratory moisture loss, fluid ingestion, and 
sweat trapped in clothing. 

RESULTS 

Exhaustion in untrained subjects occurred at 58.0 ± 12.3 min in the H60% 
trial and 25.5 ± 10.0 min in the H75% trial (P < 0.01). Trained subjects 
exercised for 60.5 ± 10.1 min and 31.1 ± 9.1 min in the H60% and H75% 
trials, respectively (P < 0.01).  Training status allowed for no difference in time 
to exhaustion. However, exercise was terminated prior to volitional fatigue on 
reaching the ethical Tre limit in four trained subjects in the H60% trial and two 
in the H75% trial. Final Tre was significantly different between exercise 
conditions, but not between groups (Figure 1A; P < 0.01). Both Tsk and SkBF 
were significantly higher in the H60% and H75% trials compared with CON 
(Figure 1A; P < 0.01). The Tre-Tsk gradient at exhaustion was significantly 
lower in the H60% (1.7 ± 0.3 and 0.9 ± 0.4) and H75% (1.3 ± 0.5 and 0.5 ± 
0.6) trials compared with CON (13.6 ± 1.3 and 13.8 ± 1.2) in trained and 
untrained subjects, respectively (P < 0.01). Throughout the H60% and H75% 
trials HR increased significantly reaching 96% and 100% of HRmax in the 
trained group, and 97% and 99% in the untrained group (Figure 1B; P < 0.01). 
A significant decrease in MAP was noted in both groups from 30 min onward 
in the H60% trial and from 20 min in the H75% trial compared with 10 min 
measurements (Figure 1B; P < 0.05). In the H60% trial SV decreased by 23% 
in the trained group and by 26% in the untrained group from 10 min of 
exercise to exhaustion (P < 0.01).  At the higher intensity (H75%) SV declined 
by 15% (trained) and 19% (untrained) (P < 0.01). Both SV and CO were 
maintained during the CON trial. However, a significant decline in CO 
occurred at exhaustion during exercise in the heat at both intensities in trained 
and untrained subjects (Figure 1B; P < 0.01). Throughout all trials SV, CO and 
VO2 were higher in trained subjects (P < 0.05). Blood lactate levels remained 
low during CON in both trained (<2.0 mmol·l-1) and untrained (<3.3 mmol·l-1) 
subjects. At exhaustion in the H60% and H75% trials, blood lactate increased 
to 3.4 ± 1.5 and 8.3 ± 3.7 in the trained group, and 5.9 ± 2.8 and 14.0 ± 3.8 in 
the untrained (P < 0.01 vs. CON). Percent body mass loss did not exceed 
0.8% in any condition. RPE increased significantly throughout all 
interventions, but to a higher degree in the heat (~19) (P < 0.01 vs. CON). 
Thermal comfort ratings increased significantly during all trials, but plateaued 
after 20 min during the CON trial (P < 0.01). Final thermal comfort values 
increased similarly (~6.8) in the H60% and H75% trials in both trained and 
untrained subjects (P < 0.01). 
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A      B 

 
Figure 1. Rectal temperature, mean skin temperature and skin blood flow (A), and heart rate, 
cardiac output and mean arterial pressure (B) in trained (Tr; n=8) and untrained (Un; n=8) 
subjects during exercise in a control condition (Con) and at 60% and 75% VO2max in the 
heat. Values are means ± SD except for skin blood flow (SEM). *Significant main effect of 
exercise in the heat vs. control, P < 0.05. 

CONCLUSION 

The increase in HR and declines in SV, CO and MAP during moderate and 
intense exercise in uncompensable heat stress conditions are associated with 
exhaustion in aerobically-trained and untrained subjects. The increase in 
cardiovascular strain appears to be exacerbated by a rise in thermoregulatory 
SkBF, which contributes to reduce central blood volume. Fatigue therefore 
coincided with a narrow Tre-Tsk gradient owing to a sustained elevation in Tsk 
and increase in Tre, which was slightly greater in aerobically-trained subjects. 
Although exhaustion occurred earlier in the H75% trial, the lower final Tre and 
similarity in cardiovascular response between conditions and groups, indicate 
that fatigue was not associated with hyperthermia per se. In addition, while 
the increase in Tre at exhaustion was not significantly different between 
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groups, aerobic fitness may confer a greater tolerance to high core 
temperatures owing to adaptations similar to heat acclimatization. These 
findings provide evidence that cardiovascular strain is a significant factor in 
mediating fatigue in motivated subjects during aerobic exercise in 
uncompensable heat stress conditions, regardless of training status. 
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EFFECT OF AMBIENT TEMPERATURE ON MAXIMAL MUSCLE 
PERFORMANCE IN WOMEN AND MEN DURING HIGH 

INTENSITY WORK 

Wiggen Øystein Nordrum, Sandsund Mariann, Renberg Julie, Saursaunet 
Vegard, Færevik Hilde & Reinertsen Randi Eindsmo  

INTRODUCTION 

 Muscle performance is temperature dependent, and dynamic exercise 
is more easily disturbed by cooling than isometric exercise (Oksa 2002). In 
short-term dynamic exercise, force, power, velocity and co-ordination are key- 
components of muscle performance. Subnormal muscle temperature has 
been shown to affect all these components of muscle performance (Oksa 
2002). The effect of temperature on muscle performance during low intensity 
work has been thoroughly investigated (Asmussen et al. 1976, Bennett 1984). 
In our study we wanted to investigate if ambient temperature has an effect on 
muscle performance also during high intensity work. We hypothesized that 
power output, jump height and peak force in a jump test in women and men 
would be reduced with lower ambient temperature in spite of high work 
intensities.  

METHODS 

 Nine women and nine men participated in this study. Physical 
characteristics of the women and men were age 23±3 and 25±3 years, height 
167±6 and 183±7 cm, body mass 61±7 and 79±7 kg, body fat 25±3 and 12±2 
%, VO2max 3.3±0.4 and 5.6±0.4 L·min-1, respectively. The subjects were 
exposed to six randomized ambient temperatures (20, 10, 1, -4, -9 and -
14°C), and a wind velocity of 5 m·sec-1, in a climatic chamber. Core 
temperature (Tcore) was measured as rectal temperature using a thermistor 
probe. Skin temperatures were measured with skin thermistors (YSI 400, 
Yellow Springs Instruments, Ohio, USA). On entering the climatic chamber 
the subject performed a 10 minutes standardized warm-up exercise (60-70% 
VO2max) running on a treadmill. After the warm-up the subjects removed their 
outer trousers and jacket, leaving them wearing a standardized one-piece 
cross-country skiing race-outfit. A graded running protocol consisting of four 
increasing intensities of 5 minutes (about 65-95 % of VO2max) with two minute 
breaks between each load was then performed. A jump test was performed 
after the warm-up period (jump test 1) and the graded running protocol (jump 
test 2). The jump test was performed on a force platform (Ergotest 
Technology A.S., Langesund, Norway), and consisted of two squat jumps (SJ) 
and two counter-movement jumps (CMJ).  During the SJ the subjects were 
instructed to go down slowly to a knee angle of 90°, stop and then jump after 
one second. During all four jumps the subjects were instructed to place their 
hands on the hips and to jump as high as possible. The results were based on 
the mean value of the two SJ and CMJ. Jump height, peak force and power 
output were calculated using Muscle Lab V8 (Ergotest Technology A.S., 
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Langesund). The study was approved by the Regional Research Ethics 
Committee in Medicine, Central Norway. 

RESULTS 

 For all ambient exposure temperatures women had lower performance 
than men. Neither in women nor men did the CMJ test show any significant 
effect of ambient temperature on jump height or peak force. A significant 
effect of ambient temperature on power output was found in CMJ tests 1 and 
2 for men and in test 2 for the women. The results of test 2 are shown in 
Figure 1, (-4°C was not included due to loss of data). There was no effect of 
ambient temperature on SJ jump height, peak force and power in neither 
women nor men. 

 
Fig 1. Power (W·kg-1) in counter-movement jump test two at different ambient temperatures. 
#, indicate a significant effect of ambient temperatures in power output. §, indicate a significant 
gender difference. *, indicate a significant within group difference from -14°C. Data are 
presented as mean ± SD. 

Skin and core temperatures 

The skin and core temperatures are shown in Table 1. There were 
significant difference in mean skin temperature (Tskin) and front thigh skin 
temperature (Tfront thigh) between all ambient temperatures in both women and 
men. In men, also Tcore was significantly lower at -14°C than at -9 or 20°C. 
There was no effect of ambient temperature on Tcore in women. There were 
significant difference in Tskin, Tfront thigh and Tcore between women and men 
(Table 1.)  
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Table 1. Tskin, Tfront thigh and Tcore at the end of the tests at the different ambient temperatures 
in women and men  
Exposure Tskin Tfront thigh Tcore 

 Men 
(n=9) 

Women 
(n=9) 

Men 
(n=9) 

Women 
(n=9) 

Men (n=7) Women 
(n=9) 

20°C 31.9±0.8* 32.2±0.8* 30.9±1.9* 29.6±1.4* 38.4±0.3 38.3±0.5 

10°C 29.2±0.8* 28.0±1.2* 26.9±1.6*# 23.9±1.6*# 38.3±0.2# 38.7±0.2# 

1°C 26.5±1.0* 25.3±1.3* 23.2±3.0*# 18.5±2.0*# 38.3±0.3# 38.6±0.1# 

-4°C 25.0±0.7*# 23.0±1.3*# 22.2±1.4*# 15.9±2.3*# 38.2±0.3 38.5±0.3 

-9°C 23.2±1.0*# 20.7±1.7*# 20.0±1.8*# 12.6±1.7*# 38.2±0.3 38.4±0.2 

-14°C 21.2±1.0*# 19.1±1.1*# 17.9±2.4*# 10.8±2.3*# 37.9±0.3*# 38.4±0.1# 

Data are presented as mean ± SD. *, indicates a significant difference between ambient 
temperatures. #, indicates a significant gender difference. 
 

DISCUSSION 

 Our results showed an overall gender difference in the jump 
performance parameters. This was expected since women have only 60-80% 
of the leg strength of men (Åstrand et al. 2003). Our main finding of this study 
was that lower ambient temperatures led to reduced power output in CMJ test 
2 in both women and men during high intensity work.  

Further, reduced ambient temperature resulted in lower Tskin, in spite of an 
increase in Tcore in both women and men. Women had lower Tskin and Tfront 

thigh, but maintained a higher Tcore compared to men (Table 1). The differences 
in skin temperatures might be due to higher percentage of body fat and thus 
insulation of the females compared to the males in this study. Also, in general, 
women have a higher body fat percent than men (Graham 1988). The low 
Tskin and especially the Tfront thigh may indicate a superficial cooling of the 
muscles, which would partially explain the reduced power output in CMJ. 
Previous studies have shown that Tfront thigh  of approximately 25°C at rest 
caused a Tmuscle of approximately 34°C (Oksa 1998), which resulted in 
reduced performance. In our study we measured Tfront thigh to be 11 and 18°C 
during high intensity work at -14°C. Due to high intensity work our subjects 
increased their Tcore and counteracted muscle cooling at low ambient 
temperature, which may explain the overall minor effect of ambient 
temperature on SJ and CMJ compared with low intensity work.  In conclusion 
the present study showed that power output in CMJ can be influenced by low 
ambient temperature under high intensity work in both women and men.  
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EFFECT OF ADDITIONAL WARM-UP ON PERFORMANCE AND 
PHYSIOLOGICAL RESPONSES DURING 2-MIN MAXIMAL 

EXERCISE 

Yosuke Sasaki, Takuto Ueki, Bun Tsuji, Naoto Fujii, Hideki Takagi,Shozo 
Tsubakimoto &  Takeshi Nishiyasu 

INTRODUCTION  

The structure of the warm up depends on its intensity, duration, and 
recovery time (Bishop, 2003). In fact, reduction in recovery time following 
warm-up reportedly enhances 200-m swim performance (Zochowski et al, 
2007).  Therefore, it may be that additional warm-up, which reduces recovery 
time between warm-up and main exercise task, provides beneficial effects on 
exercise performance.  Bearing this in mind, the purpose of this study was to 
investigate the effect of additional warm-up on performance and physiological 
responses during 2-min maximal exercise. 

METHODS  

Seven healthy men (21.9±0.4 yrs; 175.0±4.1 cm; 67.3±2.3 kg; 55.6±4.5 
ml/kg/min) performed cycling warm-up at 60%VO2max intensity for 7 min, 
then 1) remained rested for 45 min (L, Long rest trial) or 2) remained rested 
for 33 min and then performed the identical warm-up followed by 5 min rest 
(S, Short rest trial).  Thereafter, the subjects performed 2-min cycling test, 
which consist of 90-s constant workload exercise at 110% of VO2max 
intensity followed by 30-s maximal exercise.  Peak power (PP), average 
power (AP), and minimum power (MP) during the 30-s maximal exercise were 
evaluated.  Heart rate, Minute ventilation, oxygen uptake (VO2), and blood 
lactate concentration during the 90-s constant workload exercise and 30-s 
maximal exercise were also evaluated.  All significantly difference levels were 
defined P < 0.05 level.  

RESULTS  

PP, AP, and MP during the 30-s exercise were all significantly higher in S 
than in L (Fig. 1). VO2 (Fig. 2) and heart rate (Fig. 3) were found to be 
significantly higher in S than L during the 90-s and 30-s exercise.  But there 
were no significant differences for ventilation and blood lactate concentration 
between S and L during the 90-s and 30-s exercise.  

DISCUSSION 

We found that VO2 and power outputs were higher in S than L during 30-s 
maximal exercise (Fig. 2), suggesting that increased aerobic energy release 
would contribute to the higher 30-s maximal cycling performance in S.  
Further, given that aerobic energy release reflected by VO2 during 90-s 
constant workload exercise was also higher in S than L, anaerobic energy 
release may have been preserved during 90-s constant workload exercise, 
leading more anaerobic energy supply during 30-s maximal exercise, relating 
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with the improved 30-s maximal performance in S.  In sum, we suggest that 
the additional warm-up enhances performance of 2-min maximal exercise, 
and this is potentially attributable to the increase in energy supply from 
aerobic as well as anaerobic metabolism. 

 

 
Fig .1  Power outputs for last 30sec during 2-min cycling test. *Significant difference between 
short rest and long rest trials, P< 0.05 
 
 

 
Fig .2   Oxygen uptake during 90s cycling and 30s maximal cycling. * Significant difference 
between short rest and long rest trials, P < 0.05. 
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Fig. 3 Changes in heart rate during 2-minute cycling test (Mean±SD). * Significant difference 
between short rest and long rest trials, P < 0.05. 
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FLUID AND ELECTROLYTE LOSSES DURING PROGRESSIVE 
DEHYDRATION TO A 7% WATER DEFICIT 

Anne M.J. van den Heuvel, Gregory E. Peoples and Nigel A.S. Taylor  

INTRODUCTION 

When working in hot environments, sweat rates range between 1-1.5 L.hr-1, 
but, for extended durations, fluid loss can approach 8-16 L.day-1 (Latzka and 
Montain, 1990). This is associated with significant electrolyte loss, with sweat 
sodium concentration typically being 20-80 mmol.L-1, while chloride and 
potassium losses are 20-60 mmol.L-1 and 4-8 mmol.L-1 (respectively; 
Maughan, 1991). If not replaced, fluid and electrolyte depletion can adversely 
affect physical performance and health.  

In a recent series of experiments, in which participants were progressively 
dehydrated to a 7% body-mass loss (Peoples et al., 2009), an opportunity 
arose to evaluate fluid and electrolyte responses under controlled laboratory 
conditions, and across a range of controlled and known hydration states. 
Herein are reported these observations. 

METHODS 

Ten physically active men were dehydrated in stages to a 7% water deficit 
using controlled hyperthermia (isothermal clamping) in hot-humid conditions 
(35.6oC (±0.4) and 56.0% (±1.0) relative humidity). Core temperature was 
elevated to ~38.5oC and then clamped, with subjects performing intermittent 
cycling. Subjects commenced is a fully hydrated state (urine specific gravity 
<1.021), and wore shorts and running shoes. An isotonic drink (50 mL) and 
food (banana and biscuit: 90 g) were provided at each dehydration target. 

Hydration changes were determined from mass changes, and tracked 
using serum osmolality. Whole-body sweat rates were estimated from mass 
changes (±20 g: A&D, Model No. fw-150k, CA, U.S.A.), which were corrected 
for water and food intake, or urine production. Subjects provided a urine 
sample at the 3% target, which influenced sweat rate estimations at the 4% 
dehydration level, and values for this point are therefore not reported. 

Venous blood was collected at baseline, and at each 1% dehydration target 
using an indwelling catheter (kept patent with saline flushes) positioned in a 
superficial forearm vein. Posture was controlled for all blood collections 
(seated upright >20 min). Samples were collected into chilled vacutainers for 
determining serum osmolality (serum-gel tube), and whole-blood haematocrit, 
and haemoglobin and electrolyte concentrations (sodium, chloride, potassium; 
Li-Hep 50 IU heparin.mL-1 of blood). Whole-blood samples were analysed 
immediately after collection using a blood-gas analyser (ABL77, Radiometer 
Pacific, Melbourne, Australia). The serum tubes were centrifuged at 1,500 g 
for 15 min at 4oC, after which serum was extracted and frozen (-80oC) for 
subsequent osmolality analysis (freezing-point depression: Model 3250 
Advanced Osmometer, Advanced Instruments Inc., Norwood, MA, U.S.A.) 

Euhydrated blood volumes were estimated (Allen et al., 1956), with 
haemoglobin concentration and haematocrit changes used to track volume 
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changes (Costill et al., 1974). Whole-blood electrolyte content was calculated 
from concentrations and blood volumes at each dehydration target.  

RESULTS 

On average, the dehydration targets were achieved within 0.06%. Serum 
osmolality increased from 285 mOsmol.kg-1 H2O (baseline) to 300 
mOsmol.kg-1 H2O at 7% dehydration (P<0.05).  

Sweat rates were dictated by the protocol, but varied among subjects. 
Across the seven dehydration stages, sweat loss averaged 0.74 L (SD 0.13) 
per 1% mass loss, peaking during the 3% stage (P<0.05), with minimal 
sweating occurring at the 7% target (P<0.05; Figure 1). Since sweat is derived 
from the interstitial space, then blood volume changes tended to track sweat 
rates, but with larger decrements observed at the start, and smaller changes 
at the end of each trial. Across the full trial, the average blood volume loss 
was 11.6% (P<0.05; Figure 1). Furthermore, Figure 1 indicates that, as the 
water deficit increased, the blood volume contribution to sweating decreased. 
Thus, blood volume was defended as dehydration became more fully 
established, with more body water coming from the intracellular compartment. 
Indeed, subjects successfully regulated mean arterial pressure during the trial, 
with average pressures ranging between 86-93 mmHg.  

 
Figure 1: Serial and step changes in blood volume during progressive dehydration to a 7% 
water deficit. Dehydration targets (deficits) represent mass reductions. Data presented 
numerically are whole-body sweat rates (L.h-1). * = significantly different from 1% dehydration 
(P<0.05); # = significantly different from 7% dehydration (P<0.05). Data are means with 
standard errors of the means. Data at 7% dehydration suffer inconsistencies created by 
subject drop-out beyond 6% stage (N=7). 

The electrolyte concentration of sweat is hypotonic to blood. However, with 
the current sweat rates being as high as 1.94 L.hr-1, significant solute losses 
would occur. Indeed, the total, whole-blood sodium content decreased from 
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703.5 to 621.2 mmol (11.7%, P<0.05; Figure 2), while chloride content 
declined from 557.4 to 505.5 mmol (9.3%, P<0.05; Figure 2). The respective 
concentrations increased from 138.0 to 141.9 mmol.L-1 (P<0.05), and from 
109.3 to 115.6 mmol.L-1 (P<0.05). Thus, the net solute loss was not reflected 
in these concentrations. Potassium concentration increased from 3.94 to 4.93 
mmol.L-1 (P<0.05), but its whole-blood content did not change significantly 
during dehydration: 20.97 and 22.07 mmol (P>0.05). It is possible that this 
maintenance of potassium content was due to a redistribution of potassium 
stores as dehydration progressed (Costill et al., 1976). 

 

 
Figure 2: Whole-blood sodium, chloride and potassium content during progressive 
dehydration to a 7% water deficit. Dehydration targets represent mass reductions. * = 
significantly different from baseline (P<0.05); # = significantly different from 7% dehydration 
(P<0.05). Data are means with standard errors of the means. Data at 7% dehydration suffer 
inconsistencies created by subject drop-out beyond 6% stage (N=7). 

Sodium, potassium and chloride changes were primarily responsible for a 
progressive elevation in serum osmolality. This elevation, as well as the 
simultaneous reduction in blood volume, would have initiated homeostatic 
processes to defend both plasma volume and osmolality. Thus, antidiuretic 
hormone would be secreted, reducing urinary water loss and stimulating thirst. 
Furthermore, aldosterone release, stimulated by a reduced blood volume and 
an elevated potassium concentration, would cause renal sodium reabsorption, 
with obligatory chloride and water reabsorption. This is evident in Figure 2, 
where electrolyte content was defended beyond the 2% water deficit, and, to 
a lesser extent in Figure 1, where the step changes in blood volume were also 
smaller. Thus, these fluid and electrolyte regulatory hormones appeared to 
have combined to facilitate sodium and water retention to defend blood 
volume, and thereby support cardiovascular function. 
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CONCLUSION 

In this study, body-fluid and electrolyte responses during extended-duration 
dehydration trials were investigated (>5 h). Blood volume was defended 
across a 7% water deficit, albeit at a lower absolute volume. Indeed, a 
decreased sweat response at the higher dehydration levels and a 
conservation of the whole-blood electrolyte content were observed, and these 
changes combined to facilitate normotensive blood pressure regulation. 

REFERENCES 

Allen, T.H., Peng, M.T., Chen, K.P., Huang, T.F., Chang, C., & Fang, H.S. 
(1956). Prediction of blood volume and adiposity in man from body weight 
and cube of height. Metab. 5: 328-345.  

Costill, D.L., Branam, L., Eddy, D., & Fink, W. (1974). Alterations in red cell 
volume following exercise and dehydration. J. Appl. Physiol. 37: 912-916. 

Costill, D.L., Coté, R., & Fink, W. (1976). Muscle water and electrolytes 
following varied levels of dehydration in man. J. Appl. Physiol. 40: 6-11. 

Latzka, W.A., & Montain, S.J. (1990). Water and electrolyte requirements for 
exercise. Clin. Sports Med. 18: 513-524. 

Maughan, R.J. (1991). Fluid and electrolyte loss and replacement in exercise. 
J. Sports Sci. 9: 143-152. 

Peoples, G.E., Brown, M.A., van den Heuvel, A.M.J., Kerry, P., & Taylor, 
N.A.S. (2009). Cardiac electrophysiology during progressive and 
controlled dehydration: inferences from ECG analysis during steady-state 
exercise and recovery. Proceedings of the Thirteenth International 
Conference on Environmental Ergonomics. August 2-7th, Boston, U.S.A., 
2009. Pp. 212-214. 

 

Anne van den Heuvel / Gregory Peoples / Nigel Taylor: 

Centre for Human and Applied Physiology, University of Wollongong, Australia 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 233 

REPEATED BREATH HOLDS INCREASE THE TIME TO 
EXHAUSTION AT 150% OF PEAK POWER OUTPUT 

Bourdas Dimitrios, Konstantopoulos Athanasios, Tsakiris Theodoros, Pavlakis 
Konstantinos, Triantafyllou Despoina & Geladas Nickos  

INTRODUCTION  

Repeated breath hold maximal efforts (RBHE) induce – favorable 
hematological and blood buffering changes (Bakovic et al. 2003, Bakovic et 
al. 2005, Julia et al. 2003, Schagatay et al. 2005). It has been hypothesized 
that RBHE will subsequently enhance performance in a time to exhaustion 
test. The purpose of the present study was to investigate the effect of RBHE 
on cycle time performance. 

METHODS  

A group of 10 males (21±1years, 82±4kg, 180±2cm) performed, in a 
random counter balanced order, two experimental conditions. In the first one 
(A) subjects completed five RBHE with face immersion in cold water (12oC), in 
prone position separated by 2min recovery intervals. Two min later on 
subjects performed a timed ride test to exhaustion at 150% of peak power 
output (TF150) achieved with an exhaustive maximal oxygen uptake effort 
(Lindsay et al. 1996) on a electronically braked ergometer (Lode® 
Instrumenten, Holland). The amount of air inhaled prior to each BH was 80% 
of subject’s force vital capacity (FVC) with no any additional respiratory 
maneuvers. In the second condition (B) subjects repeated only the TF150 
exercise test as a control measurement. Respiratory (MedGraphics 
CPX/Ultima, USA), hematological (Miniphotometer plus LP20, Dr Lange, 
Germany) and blood gases (IL 1640, Instrumentation Laboratory, Spain) 
measurements were also conducted during the study. All experiments were 
conducted at similar environmental temperature (24-25oC) and relative 
humidity (~50%). 

RESULTS  

Mean FVC, Ο2max, and breath hold time of all RBHE was 6.1±0.1l, 
42.2±1.9ml/kg/min and 108.0±10.3sec respectively. Performance time of 
TF150 was equal to 44.8±2.6sec in the B condition and it was significantly 
(p≤0.05) less, by 9.5%, compared with A condition (Fig. 1). Pre TF150 values 
of blood lactate (La¯), hematocrit (Hct) and red blood cells (RBC) were not 
different between experimental conditions, whereas bicarbonate (HCO3

¯) and 
partial pressure of carbon dioxide levels in arterialized blood (PCO2) were 
higher and pH decreased significant (p≤0.05) in condition A than B (Table 1). 
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Fig 1. Performance time of TF150 in A and B experimental conditions. Values are means ± 
SEM for 10 subjects. * indicates significance at the 0.05 level. 

 
Table 1. Blood parameters prior to TF150 exercise test (Prior values) and post exercise 
(Recovery values) in both experimental conditions (A and B). Values are means ± SEM for 10 
subjects. * indicates significance at the 0.05 level between A and B conditions. 
 PRIOR VALUES  
 A condition (5 RBHE + TF150) B condition (TF150)  
Hct (%) 43.77±0.91 43.14±0.73  
RBC (Mio/µl) 4.57±0.08 4.53±0.08  
La- (mmol/l) 1.61±0.14 1.92±0.27  
PCO2 (mmHg) 45.91±0.99 41.75±1.41 * 
pH 7.42±0.01 7.43±0.01 * 
[HCO3

-] (mmol/l) 29.93±0.38 28.40±0.47 * 
 RECOVERY VALUES  
 A condition (5 RBHE + TF150) B condition (TF150)  
Hct (%) 46.35±0.91 46.29±0.81  
RBC (Mio/µl) 4.82±0.05 4.95±0.04  
La- (mmol/l) 11.57±0.67 11.67±0.80  
PCO2 (mmHg) 44.66±1.36 48.70±5.49  
pH 7.34±0.01 7.27±0.02 * 
[HCO3

-] (mmol/l) 23.97±0.40 22.51±2.31  
 

CONCLUSION 

RBHE alter blood buffering capacity and that may play an important role in 
improving the time performance when high intensity exercise follows on. It 
seems that RBHE is a very promising method in order to improve short term 
performance in sport (Lemaitre et al. 2010), in young moderately fit subjects 
without former experience in apnoea. 
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THE OXYGEN COST OF WEARING FIREFIGHTERS’ 
PERSONAL PROTECTIVE EQUIPMENT: RALPH WAS RIGHT! 

Nigel A.S. Taylor, Michael C. Lewis, Sean R. Notley and Gregory E. Peoples 

INTRODUCTION  

For firefighters, the personal protective equipment (PPE) includes thermal 
protective clothing, breathing apparatus, and protective head, hand and 
footwear. Whilst this equipment is designed to increase safety when working 
in hazardous conditions, it can limit work efficiency and performance. Indeed, 
an escalating physiological burden on the wearer will increase physiological 
and psychophysical strain (Gavhed & Holmér, 1989; Smith et al., 1998; Kerry 
et al., 2009), potentially leading to decrements in physical and cognitive 
performance (Hancock & Vasmatzidis, 2003; Caldwell et al., 2006).  

In a parallel communication (Taylor et al., 2011), work-related injuries to 
firefighters were reported, revealing that increased injuries within older 
firefighters appeared to occur in parallel with improved protection provided by 
this protective equipment, and with some equipment becoming heavier. Thus, 
while subtle design changes were minimal, the combined load of the total 
ensemble may have compromised safety for some less-fit individuals. In this 
project, that possibility was evaluated, and the oxygen cost of each piece of 
protective equipment used by Australian firefighters was evaluated.  

METHODS  

This experiment was comprise of 12 steady-state and two maximal 
exercise trials. Each phase involved 20 healthy adults (20-56 years), with of 
equal numbers of males and females recruited into three stature 
classifications (tall, medium, short), each of whom provided written, informed 
consent to procedures approved by the Human Research Ethics Committee 
(University of Wollongong).  

Subjects first participated in steady-state exercise treadmill walking (4.8 
km.h-1) and low bench stepping (20 cm at 40 steps.min-1) in an air-conditioned 
laboratory. The former task was designed to represent realistic, but not 
rushed walking speeds that may be observed at a fire. The latter was 
considered to be an important exercise mode, since stair climbing is 
frequently performed by firefighters. The cadence of stepping was designed to 
achieve a steady-state heart rate approximately equivalent to that observed 
during walking. Each trial lasted 15 min to ensure the attainment of an 
adequate steady-state, with subjects resting at least 5 min between 
subsequent trials performed on the same day. Every subject performed 12, 
15-min trials; six walking and six stepping trials. In addition, baseline data (5 
min) were collected for seated rest and standing rest. The only variations 
among trials within each exercise mode involved the nature of the clothing 
and personal protective equipment (ensembles) worn, and these ensembles 
were tested in a balanced order: (a) Ensemble one (control): minimal clothing 
(t-shirt, shorts, sports shoes); (b) Ensemble two: underclothing plus all 
personal protective equipment; (c) Ensemble three: minimal clothing plus 
helmet; (d) Ensemble four: minimal clothing plus breathing apparatus; (e) 
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Ensemble five: minimal clothing, but with boots replacing sports shoes; (f) 
Ensemble six: underclothing, sports shoes plus station-wear (long-sleeved 
shirt, long trousers) and all thermal protective clothing. 

Subjects then participated in two incremental exercise trials to voluntary 
exhaustion. One test was performed with minimal clothing (control: ensemble 
one above) and the second was undertaken with subjects wearing the 
complete personal protective equipment ensemble (experimental: ensemble 
two above). The control trial was always administered first to ensure that test 
familiarity did not adversely affect performance in the experimental state. 
Tests commenced with standing rest, followed by easy walking (10 min at 4.8 
km.h-1, 0% gradient). These were baseline states used to derive physiological 
reserves. In all control trials, treadmill speed was then elevated in stages over 
5 min until the desired final running speed was achieved (least fit: 7.0 km.h-1, 
moderate fitness: 8.0 km.h-1, most fit: 10.0 km.h-1), but the treadmill gradient 
(slope) was not changed. From the sixth minute, running speed was held 
constant whilst the gradient was increased by 1% every minute until volitional 
exhaustion was achieved. In the experimental (protective equipment) trials, 
the same protocol was used, with every subject reaching the same peak 
running speed that was obtained within the control trial. 

In both trials, oxygen consumption and carbon dioxide production were 
computed (TrueOne 2400 metabolic measurement system, ParvoMedics Inc., 
Utah, USA). Heart rate data were obtained from ventricular depolarisation 
(Advantage, Polar Electro Sport Tester, Finland). All data were sampled at 15-
sec intervals. 

RESULTS  

Under steady-state, but not dynamic phases, oxygen consumption and 
carbon dioxide production provide a valid approximation of metabolic rate. For 
the walking and bench-stepping experiments, the comparison between the 
control and full protective ensembles revealed respective elevations in steady-
state metabolic rate of 47% and 36% (P<0.05).  

The impact of each component of the protective equipment was isolated by 
first subtracting the seated resting data from each of the physiological 
responses. The quiet standing data were similarly measured and subtracted 
to quantify the demand placed on postural muscles. Thirdly, data from the 
control trial (ensemble one), which represented the least loaded state (minus 
sitting and standing rest), were subtracted from each of the other five trials 
(within exercise modes). This step permitted isolation of the physiological 
burden of each component of the personal protective ensemble. 

In the control state, seated rest represented 30.3% of the steady-state 
oxygen consumption observed when walking, while standing accounted for a 
further 1-2% increase. Together, seated rest, standing and unloaded walking 
contributed to 68% of the total metabolic burden, and 74% of the heart rate 
response observed when wearing all of this protective equipment. For bench 
stepping, these values were 73% and 76%. Thus, the impact of wearing the 
protective equipment was approximately 30% of the overall effect during 
these modes of exercise.  

The breathing apparatus, which was greater than four times the mass of 
the boots, and more than twice that of the clothing, imposed a metabolic 
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burden significantly less than the boots for walking (P<0.05), but not during 
stepping. In that mode, the breathing apparatus, boots and clothing had 
equivalent influences (P>0.05). Previously, Soule and Goldman (1969) 
reported that the oxygen cost of walking, normalised to body mass, was 12.8 
mL.kg-1.min-1. When loads were added to the head, the burden was 13.4 
mL.kg-1.min-1 for each additional kilogram, while for the feet, this increased to 
73.6 mL.kg-1.min-1. Current derivations resulted in 12.94, 13.67 and 88.75 
mL.kg-1.min-1 (respectively); Ralph was right! Thus, footwear not only 
exerted the greatest absolute burden during walking, but when normalised to 
the load carried, its affect was 8.7 times greater than that of the breathing 
apparatus. The corresponding data during stair climbing showed the boots to 
be 6.4 times more powerful than the breathing apparatus. 

Maximal testing often has little relevance to real-world scenarios. However, 
firefighters do work maximally in some situations, so evaluating the 
physiological reserve is directly relevant to the first 5-15 minutes at an 
incident, and to search and rescue operations involving injured or 
unconscious people. The complete protective ensemble reduced exercise 
tolerance time by 55.9% across subjects (P<0.05), with women experiencing 
a slightly, but not significantly greater performance decrement (P>0.05). 
However, whilst the maximal absolute values for each of the key physiological 
variables were not significantly affected by wearing this equipment (P>0.05), 
subjects reached exhaustion significantly earlier (P<0.05), and at a 
significantly lower work rate (P<0.05), when wearing the protective ensemble.  

Oxygen consumption data were normalised to the total mass (body mass 
plus equipment mass). Since the absolute oxygen consumption did not differ 
between trials, then normalisation highlights the impact of the protective 
equipment, with the relative peak oxygen consumption being reduced 
(P<0.05). This means that more oxygen was used to support the load carried, 
leaving less energy available for locomotion. This was reflected in a 14.5% 
reduction in relative aerobic power during the experimental trial (P<0.05).   

Thus, the combined affects of an elevation in the baseline metabolic load, 
and a reduction in the maximal ability to exercise, will independently limit the 
range of exercise tolerance, thereby reducing the physiological (ambulatory) 
reserve. Across all subjects, the mean oxygen consumption reserve was 
reduced by 30.7% (P<0.05) by wearing the complete ensemble of personal 
protective equipment. Based upon evidence from these steady-state trials, it 
would be reasonable to assume that the boots provided a significant, and 
quite possibly the largest absolute and relative contribution to the load-related 
limits for maximal exercise.  

It was anticipated that the female subjects would have been more 
adversely affected by this equipment. However, the opposite occurred, and it 
is speculated that this was perhaps associated with gender-related training 
history differences. Accordingly, it is suggested that the greater performance 
decrements in the males may have been a function of their ability to push 
themselves to much higher levels of strain within the control state. 

CONCLUSION 

From these observations, it may be concluded that the most efficient way to 
reduce the metabolic burden for firefighters wearing their full protective 
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ensemble would be to reduce the mass of their boots, of their clothing or of 
both components. For instance, removing 100 g from each boot would be 
metabolically equivalent to reducing the mass of the breathing apparatus by 
1.74 kg during walking, or by 1.27 kg for stair climbing. 
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HYPERVOLEMIA FROM FLUID INGESTION AT REST                                     
- EFFECTS OF SODIUM AND GLUCOSE - 

Akira Sugihara, Naoto Fujii, Bun Tsuji, Kazuhito Watanabe, Takehiro Niwa & 
Takeshi Nishiyasu 

INTRODUCTION 

Drinking-induced hypervolemia is reported to improve exercise 
performance in the heat (Sims et al.2007), though optimal formulation of drink 
for the hypervolemia is unclear．Plasma volume (PV) may increase as a 
direct function of the sodium concentration of the drink, as sodium can 
prevent plasma hypotonicity and consequent increase in urine production due 
to taking a large volume of water. However, near-isotonic sodium drink may 
be optimal because the ingestion of hypertonic solution can decrease PV 
(Evans et al. 2009). Further, sodium-induced hypervolemia might be 
enhanced by adding glucose to the sodium-drink, as the combination could 
stimulate sodium-glucose co-transporter activity in the intestinal membrane, 
thereby transporting more sodium into the blood. We tested the hypothesis 
that optimal sodium concentration of the drink for the hypervolemia is near-
isotonic and adding glucose to the sodium drink could enhance PV expansion. 

METHODS 

Experiment 1 
10 healthy adults ( 7 males and 3 females ) ingested a given amount  (16-

17ml·kg body weight-1) of water (W) or a drink containing 0.35%NaCl ( 
0.35%Na; 60mEq·l-1Na+, 89.0±0.0mOsmol·kgH2O-1), 0.7%NaCl ( 0.7%Na; 
120mEq·l-1Na+, 223.3±1.5 mOsmol·kgH2O-1 ) or 1.05%NaCl ( 1.05%Na; 
180mEq·l-1Na+, 336.0±7.4 mOsmol·kgH2O-1 ), divided into six equal portions 
at 10-min intervals for 50min. During this time, the subjects remained seated 
until 150min from beginning of drinking. The percent change in PV estimated 
by hemoglobin concentration and hematocrit (Dill and Costill. 1997) and urine 
volume were evaluated before drinking and 30min interval from beginning of 
drinking.  

Experiment 2 

Nine healthy male participated in the five experimental trials that involved in 
the ingestion of a given amount (16-17ml·kg body weight-1) of water (W) or a 
drink containing 0.7%NaCl (0.7%Na; 120 mEq·l-1Na+, 228.3±3.0 
mOsmol·kgH2O-1), 0.7%NaCl+6% Dextrin (0.7%Na+6%Dex; 120mEq·l-1Na+, 
58.34g·l-1Dextrin, 290.4±3.8 mOsmol·kgH2O-1), 0.9%NaCl (0.9%Na; 
160mEq·l-1Na+, 291.6±4.9 mOsmol·kgH2O-1) or 0.9%NaCl+6%Dextrin 
(0.9%Na+6%Dex; 160mEq·l-1Na+, 58.34g·l-1Dextrin, 354.5±3.9 
mOsmol·kgH2O-1). Experimental protocol was almost same to the experiment 
1 except for the plasma osmolality (Posm) was measured additionally. 
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RESULTS 

Experiment 1 

PV (Fig 1.A) and cumulative urine volume (Fig 1.B) were higher in 1.05 and 
0.7%Na than 0.35%Na and W after drinking. 

 

Fig 1. Percent change in plasma volume (A) and cumulative urine volume (B) after drinking in 
each trial. Values are means ± SD. Statistical analysis was made only between 1.05%Na and W 
trials.    #, P<0.05 vs. pre-drinking value. *, P<0.05 1.05%Na vs. W. 

 
Experiment 2 

Fig 2. depicts percent change in PV (A and B) and Posm (C and D). PV was 
higher in all sodium-containing trials than W, which was observed 30min earlier 
in sodium-dextrin trials than sodium-only trials. PV was higher in 
0.9%Na+6%Dex than 0.9%Na at 30min after drinking. Posm in W was lower than 
in all sodium-containing trials within 60 min after drinking.   
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Fig 2. Percent change in plasma volume (A and B) and plasma osmolality (C and D) during and 
after drinking in W trial (all figures), 0.7% sodium trials (A and C) and 0.9% sodium trials (B and 
D). Values are means ± SD. #, P<0.05 vs. pre-drinking value. *, P<0.05 vs. W. ‡, P<0.05 sodium 
drinks (0.9%Na and 0.7%Na) vs. sodium-dextrin drinks (0.9%Na+6%Dex and 0.7%Na+6%Dex). 

 

CONCLUSION 

Optimal sodium concentration of drink for the hypervolemia could be near-
isotonic and adding glucose (6%dextrin) to the sodium drink would hasten PV 
expansion. 
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SPONTANEOUS BAROREFLEX CONTROL OF HEART RATE 
DURING GRADED ACTIVATION OF THE MUSCLE 

METABOREFLEX IN HUMANS 

Kazuhito Watanabe, Masashi Ichinose, Stephane Delliaux, Naoto Fujii           
& Takeshi Nishiyasu 

INTRODUCTION  

Accumulation of metabolites within skeletal muscle stimulates 
chemosensitive afferents (group III and IV fibers) and reflexly raises arterial 
blood pressure.  This reflex is commonly called the muscle metaboreflex 
(MMR).  Our group has found that, in humans, an increase in arterial blood 
pressure only occurs after muscular pH fell below an apparent threshold 
during postexercise muscle ischemia (PEMI), and once beyond the threshold, 
arterial blood pressure increases linearly with the decrease in muscular pH 
(i.e., the increase in the chemosensitive afferent stimulation) (Nishiyasu et al. 
1994b).  In addition, we previously showed that PEMI-induced MMR activation 
increases cardiac parasympathetic tone (Nishiyasu et al. 1994a) as well as 
the sensitivity of the spontaneous baroreflex control of heart rate (SBRS) 
(Ichinose et al. 2007).  However, the existence of a threshold for the MMR-
induced increases in cardiac parasympathetic tone and SBRS remains 
unknown.  The aim of the present study was to test the hypothesis that there 
is a threshold level of the MMR activation induced by PEMI for effects on 
cardiac autonomic tone and SBRS. 

METHODS  

Subjects 
We studied 12 healthy male volunteers with a mean age of 23.3 ± 0.6 yr, 

body weight of 65.4 ± 1.3 kg, and height of 171.9 ± 1.1 cm (means ± SE).  The 
study was carried out in accordance with the Declaration of Helsinki and was 
approved by the Human Subjects Committee of the University of Tsukuba. 

Procedures 
The subjects assumed a supine position and performed isometric handgrip 

exercises at 50% of maximum voluntary contraction for 15-s, 30-s, 45-s, 60-s 
and until exhaustion (85 ± 2.4-s).  Each bout of exercise was followed by a 4-
min period of imposed PEMI.  This procedure would cause graded activation 
of MMR because muscular pH during PEMI is decreased linearly with 
prolongation of the contraction time (Nishiyasu et al. 1994b). 
Measurements 

Heart rate (HR) and R-R interval (RRI) were monitored via a three-lead 
ECG.  Beat-to-beat changes in arterial blood pressure were assessed using 
finger photoplethysmography (Finometer; Finapres Medical Systems, 
Netherlands).  Cardiac output (CO) was measured by using a Doppler 
ultrasound system (HDI 5000; ATL Ultrasound, USA).  Total peripheral 
vascular resistance (TPR) was calculated by dividing mean arterial pressure 
(MAP) by CO. 
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Data analysis 
We calculated spectral power of beat-to-beat variation in the RRI in the 

high-frequency range (HF; ~0.15-0.35 Hz), which is a marker of cardiac 
parasympathetic tone.  We also calculated the transfer function gain for the 
relationship between the systolic arterial pressure (SAP) and RRI in the low-
frequency range (LF; ~0.04-0.15 Hz), which is thought to reflect the SBRS. 
Statistical analysis 

Data are presented as means ± SE.  A one-way repeated-measures 
ANOVA with the protected least significant difference post hoc test was used 
to compare the data among conditions.  Values of P < 0.05 were considered 
significant. 

RESULTS  

Hemodynamic data 
Figure 1 shows HR, MAP, CO and TPR at rest (average of all trials as a 

representative value) and during PEMI following handgrip exercises of varied 
duration.  MAP and TPR did not differ from rest during PEMI following 15-s 
and 30-s exercises.  However, the MAP and TPR during PEMI after 45-s or 
more contractions were higher than at rest and were increased linearly with 
prolongation of the contraction time.  Significant tachycardia occurred during 
PEMI only if the contraction was performed until exhaustion.  CO did not differ 
from rest during PEMI in any trials. 

 

Figure 1. Average values of heart rate (HR), mean arterial pressure (MAP), cardiac output 
(CO) and total peripheral vascular resistance (TPR) at rest (shown as 0-s contraction) and 
during postexercise muscle ischemia (PEMI) periods following handgrip exercises of varied 
duration. *P < 0.05, vs. rest; †P < 0.05, 60-s vs. until exhaustion. 
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Cardiac autonomic tone and sensitivity of arterial baroreflex control of HR  
Figure 2 shows HF power of the RRI variability (HF RRI power) and the LF 

transfer function gain for the SAP-RRI relationship (LF gain) at rest and during 
PEMI following handgrip exercises of varied duration.  As with MAP and TPR, 
HF RRI power (i.e., cardiac parasympathetic tone) and LF gain (i.e., SBRS) 
during PEMI were increased from rest when contraction time reached 45-s.  
However, in contrast to the pressor and vasoconstriction responses, HF RRI 
power and LF gain were not increased in proportion to the contraction time.  
More specifically, LF gain during PEMI after 45-s or more contractions was 
fairly constant, and HF RRI power returned to the resting level during PEMI 
following the exercise performed until exhaustion. 

 

 

Figure 2. Average values of the spectral power for the R-R interval variability in the high-
frequency range (HF RRI power) and the transfer function gain for the relationship between 
the systolic arterial pressure and R-R interval in the low-frequency range (LF gain) (percent 
changes from rest) at rest and during PEMI periods following handgrip exercises of varied 
duration. *P < 0.05, vs. rest.  

CONCLUSION 

Our results demonstrated that there is a clear threshold for MMR-induced 
increase in cardiac parasympathetic tone and SBRS.  In addition, we found 
that increase in cardiac parasympathetic tone and SBRS saturate and do not 
occur progressively with graded MMR activation. 
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EVALUATING THE PREDICTIVE PRECISION OF SURROGATE 
INDICES OF OXYGEN CONSUMPTION 

Sean R. Notley and Nigel A.S. Taylor  

INTRODUCTION  

By definition, one models in the absence of relevant experimental data. 
Similarly, first-principles prediction equations provide some capacity to predict 
events or physiological outcomes, when one’s ability to actually take 
physiological measurements has been compromised. Nevertheless, both tools 
are limited by the assumptions upon which they are based. Therefore, one 
must expect that estimations of physiological strain contain some imprecision, 
and this fact is well accepted. 

Many investigators are interested in quantifying the metabolic demands of 
physically demanding tasks. In some environments, however, it is impossible 
to measure oxygen consumption as an index of metabolic rate. For instance, 
an evaluation of the metabolic burden of a search and rescue task within a 
confined, smoke-filled space with a high water vapour pressure, cannot be 
undertaken using gas analysis equipment. For such conditions, researchers 
have turned to surrogate indices of oxygen consumption, with the most 
commonly used variables being heart rate (Booyens & Hervey, 1960) and 
minute ventilation (Durnin & Edwards, 1955). As a pilot investigation for a 
larger project involving lower-, upper- and whole-body exercise, the utility of 
these two surrogate measures was evaluated in twenty men and women 
across work rates from rest through to maximal running. In this 
communication, the precision with which these cardiorespiratory indices, and 
combinations of indices, predicted oxygen consumption was evaluated. 

METHODS  

Twenty healthy adults (20-69 years) were recruited into three stature 
classifications, with equal numbers of males and females in each group: tall 
(mean height: males = 1.88 m, females = 1.74 m), medium (males = 1.79 m, 
females = 1.63 m) and short (males = 1.71 m, females = 1.56 m). Dressed in 
light clothing and running shoes, subjects performed progressive (maximal) 
running to volitional fatigue. Each test commenced with standing rest (5 min), 
followed by easy walking (10 min at 4.8 km.h-1, 0% gradient). Treadmill speed 
was then increased in stages over 5 min, until the desired final running speed 
was achieved, but the gradient remained unchanged. From the sixth minute, 
speed was held constant whilst the gradient was increased by 1% every 
minute until voluntary exhaustion.  

Expired gas samples and flows were collected and analysed continuously 
(TrueOne 2400, ParvoMedics Inc., Utah, USA), with gas analysers calibrated 
before each block of trials (15.97% O2, 4.03% CO2, balance N2). The following 
data were derived as 15-s averages: oxygen consumption, carbon dioxide 
production, breathing frequency, tidal volume and minute ventilation. In 
addition, heart rate was recorded at 15-s intervals (Advantage, Polar Electro 
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Sport Tester, Finland), permitting derivation of the heart rate reserve (maximal 
minus resting). 

From these data sets, values for each of the derived dependent variables 
were extracted for rest (baseline), and at 5% increments from baseline to 
peak values (volitional fatigue). These data were then analysed using 
stepwise, multiple linear regression analyses, wherein five independent 
predictive indices and four index combinations were used to predict oxygen 
consumption. For the resulting prediction equations, residuals were 
determined for each of the corresponding 21 data points extracted for each 
subject, and averaged to derive a mean prediction error. These parameters 
were compared using paired t-tests, with alpha set at the 0.05 level. 

RESULTS  

Due to the advent of portable and reliable heart rate monitors, many seek 
to predict oxygen consumption from changes in heart rate. However, under 
the current experimental conditions, the mean prediction error for this index, 
across all subjects and exercise intensities, was 0.56 L.min-1 (Figure 1). This 
was significantly better than using breathing frequency (P<0.05), but it was 
significantly inferior to every other predictive index, or combination of indices 
with which it was compared (P<0.05). 

 
Figure 1: Mean prediction errors for each of nine surrogate indices of oxygen consumption. 
The four leftmost predictions were significantly inferior to each of the other indices (P<0.05). 
Minute ventilation provided a significantly superior prediction than did the combination of tidal 
volume and heart rate (P<0.05), but the other differences were not significant (P>0.05).  

The single index displaying the best predictive power was minute 
ventilation (mean residual: 0.23 L.min-1), which was significantly better than 
each of the other single-variable predictions (P<0.05). Adding a second 
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variable to each equation significantly reduced these residuals (P<0.05) for all 
equations except those derived for minute ventilation (P>0.05). In fact, for 
minute ventilation, differences in the mean residuals were only apparent at the 
fourth decimal place, and therefore provided neither statistically significant nor 
numerically meaningful difference in the oxygen consumption prediction. 

CONCLUSION 

These data highlight the need to use heart rate predictions of oxygen 
consumption with caution, but support the use of minute ventilation (Durnin & 
Edwards, 1955). Whilst these are neither novel observations (Davies, 1968; Li 
et al., 1993; Gastinger et al., 2010) nor unexpected outcomes, since oxygen 
consumption is derived from minute ventilation, we are unaware any 
comparison of the predictive precision of these cardiorespiratory variables. On 
the basis of this work, it is concluded that one may halve the prediction error 
simply by changing from using heart rate to minute ventilation. However, since 
it is well established that the size of the recruited muscle mass will affect 
ventilation independently of the external workload (Vokac et al., 1975), then 
the utility of this index needs to be investigated across different exercise 
modes, and this is a current research focus of the authors. 
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BREATH HOLD MANOEUVERS AND CARDIOVASCULAR, 
DIAPHRAGMATIC RESPONSE IN ELITE BREATH HOLD 

DIVERS 

Bourdas Dimitrios, Konstantopoulos Athanasios, Tsakiris Theodoros, Pavlakis 
Konstantinos, Triantafyllou Despoina & Geladas Nickos 

INTRODUCTION  
During apnoea, both arterial blood pressure (MAP) and diaphragmatic 

activity (DA) follow a pattern of change, which is characterised by an initial 
mild increase followed by a steep rise; they are referred as phase III (PIII), and 
struggle phase (SPh), respectively. Although, these two distinct phases have 
been described adequately (Agostoni 1963, Dejours 1964, Perini et al. 2008, 
Perini et al. 2010), the sequence and the aetiology of these events are still 
unclear. It has been assumed that the initiation of PIII and SPh are exhibited 
concurrently despite the fact that the former is associated with somatic and 
the latter with autonomic nervous system. 

METHODS  
A group of 11 elite male breath hold divers (28±2years, 84±3kg, 183±2cm) 

performed five repeated maximal breath holds (BH) with face immersion in 
cold water (12oC) at prone position, separated by 2min recovery intervals. The 
amount of air inhaled prior to each BH was 80% of the subject’s force vital 
capacity (FVC) with no additional respiratory maneuvers. FVC was measured 
with a spirometer (MedGraphics CPX/Ultima, USA). Hemodynamic 
parameters and arterial oxygen saturation were continuously recorded with a 
photoplethysmometer (Finommeter, Finapres Medical Systems BV, The 
Netherlands) and a pulse oximeter (NELLCOR Symphony N-3000, USA) 
respectively. DA was recorded with electrodes attached on the skin at the 
diaphragm level and connected on line with EMG100, UIM100C and MP100Α-
CE system (Biopack Systems Inc., USA). Breaths hold time (BHT) was also 
recorded by a stopwatch (Casio HS30W, Japan). All experiments were 
conducted at similar environmental temperature (24-25oC) and relative 
humidity (~50%). 

RESULTS  

Steep rises were determined as an increase of 2SD above the mean value 
of the previous steady state condition both in MAP and diaphragmatic EMG 
activity. Mean FVC and mean BHT of all efforts was 6.9±0.3l and 
284.0±14.3sec, respectively. Cardiovascular parameters follow a typical 
immersed BH time pattern and three distinct phases were recognized [PI, PII 
and PIII] (Perini et al. 2008, Perini et al. 2010) (Fig. 1). Time of PIII and SPh 
initiations were not different (p=0.82) and manifested at 135.5±40.8 and 
133.9±45.7sec, which correspond to ~47.1 and 47.7%BH, respectively (Fig. 
1). Time of PIII and SPh initiations were also significant correlated (r=0.41) at 
the 0.01 level (Fig. 2). 

 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 252 

 
Fig 1. Hemodynamic and arterial oxygen saturation (SaO2) kinetics during five repeated 
maximal effort breath holds (BH) in relative breath hold time (BHT, ~284sec). Dashed lines 
separate PI, PII and PIII of mean arterial blood pressure (MAP) and ↓ indicates the initiation of 
diaphragmatic activity (DA). Both PIII and struggle phase (SPh) correspond to ~47%BHT. 
Values are means for 11 subjects. 

 
Fig 2. Correlation between the time of initiation of PIII blood pressure phase and 
diaphragmatic struggle phase (SPh) during five repeated maximal effort breath holds. Values 
for 11 subjects. 

 
CONCLUSION 

Steep increase of diaphragmatic activity and arterial pressure appear to be 
exhibited simultaneously. Therefore, these two phenomena appear to be 
correlated and further research is needed to elucidate the exact cause and 
effect relationship.  
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 “AUTONOMIC CONFLICT”: A HIDDEN KILLER ON COLD 
WATER IMMERSION?  

Michael Shattock, Michael Tipton  

INTRODUCTION  

In this paper we describe a cardiac arrhythmogenic response that we 
believe may account for some immersion deaths but, due to its nature, largely 
go unnoticed or detected. We have termed the trigger for this response 
“Autonomic Conflict” (AC). Classically, the sympathetic and parasympathetic 
influences on the heart are not only considered to be in opposition, but also 
activated separately or sequentially. In 1979, Kollai and Koizumi reported that 
this is not the only possible pattern of autonomic outflow. In anaesthetised 
dogs, they simultaneously recorded from vagal and sympathetic nerves and 
observed that the pattern of autonomic activation was critically dependent on 
the nature of the experimental stimulus. They reported numerous instances in 
which simultaneous co-activation of the autonomic inputs to the heart could 
be evoked. Perhaps one of the most powerful and reproducible ways of 
inducing AC is by rapid cold water submersion with breath-holding (Datta & 
Tipton, 2004; Tipton et al, 1994); this activates two powerful autonomic 
reflexes: (i) the cold shock response (CSR, sympathetic stimulation) (ii) the 
diving response (DR, vagal stimulation). We have undertaken animal and 
human work in order to elucidate the mechanism underpinning AC.  

METHODS & RESULTS  

(i) Studies in vitro in isolated hearts  
We have discovered that AC can be simulated in isolated hearts by the 

simultaneous perfusion of physiological doses of autonomic agonists. Figure 1 
shows such an experiment. In this example, an isolated Langendorff-perfused 
rat heart was subjected to a basal low-level of sympathetic tone (adrenaline 
75nM+nor-adrenaline 313nM: Ad/NorAd) This moderate level of sympathetic 
drive was sufficient to raise the basal heart rate from 298±2bpm to 394±15 
bpm but did not maximally stimulate these hearts. After stabilisation, and in 
the maintained presence of Ad/NorAd, hearts were then exposed to 3 x 30sec 
pulses of ACh (30µM) (to mimic bursts of parasympathetic drive as occur, for 
2 example, during break of breath-hold) interspersed with 4min washout in 
Ad/NorAd alone. Epicardial ECG was recorded throughout, any arrhythmias 
were quantified using the Lambeth Conventions and an arrhythmia score. 
Superimposing ACh on a background of sympathetic agonists (Ad/NorAd) 
induced a wide range of arrhythmias including: AV block, tachycardia, 
bradycardia, extrasystoles and a rhythm resembling torsades de pointes. 
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Figure 1. An example of an epicardial ECG recorded from an isolated rat heart during 
“Autonomic conflict”. The top trace shows a slow time-base recording and the arrhythmias 
recorded at the points marked a-f on this trace are expanded.  

The pattern of arrhythmias recorded in the rat heart, alternating brady- and 
tachycardia, AV block and so on, is similar to that induced during cold-water 
immersion in human participants (Tipton et al, 1994).  

(i) QT hysteresis and cold-water immersion  
We have recently observed a phenomenon which may predispose 

individuals to arrhythmias during rapid changes in heart rate such as occur 
during AC. Figure 2 shows heart rate recorded in healthy human volunteers 
during the activation of a face-only immersion “diving response”. Heart rate 
falls from a baseline of 96±7bpm to 56±3bpm within 30secs. However, despite 
this profound bradycardia there is no concomitant prolongation of the QT 
interval (Panel B). Although a similar R-R/QT hysteresis has been described 
before (Lau et al, 1988), in the example shown in Figure 2 there is a striking 
failure of the QT interval (action potential duration) to prolong in response to 
the significant bradycardia. Thus, the vagally-induced bradycardia associated 
with activation of the diving response in humans is not accompanied by a 
prolongation of the QT interval.  
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Figure 2. Heart rate changes (A) and QT interval (B) measured during the activation of the 
diving response elicited by a 30 sec facial immersion in 15°C water with breath-hold. 
Participants were young, healthy volunteers (n=4).  

The failure of the action potential to prolong in response to an abrupt 
change in rate may seriously predispose to ventricular arrhythmias during 
periods of AC. During transient periods of tachycardia, the persistent long 
action potential may promote cellular calcium overload and automaticity. 
Conversely, at low heart rates, the mismatch between a short action potential 
and a long diastolic interval may predispose to re-entrant arrhythmias.   

CONCLUSIONS  

The co-activation of the sympathetic and parasympathetic divisions of the 
autonomic nervous system can reproducibly produce cardiac arrhythmias. 
During cold-water immersion, this powerful pro-arrhythmic stimulus occurs at 
a time when the QT interval does not match the underlying heart rate, further 
increasing the likelihood of problematic cardiac arrhythmias. The release of 
breath holding appears to be significantly involved; with the vast majority of 
arrhythmias occurring within ten seconds of the cessation of breath holding 
(81% in both Tipton et al, 1994; and Tipton et al, 2010).  

We believe cardiac problems on immersion tend to be underestimated 
because only young, fit and healthy individuals are usually studied in the 
laboratory and, even if the primary problem on accidental immersion is a 
cardiac one, aspiration of water during the terminal period is likely to mean a 
death is ascribed to drowning. It seems clear, however, that AC is a common 
cause of cardiac arrhythmias on immersion and it is entirely possible that 
these arrhythmias could result in death, but be undiagnosed post-mortem.   
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INCORPORATING WATER ABSORBENT AND REFLECTIVE 
LAYERS INTO A SURVIVAL BAG DOES NOT IMPROVE 
TEMPERATURE RECOVERY OF COLD WET HUMANS 

Jim House, Martha Fleming & Mike Tipton  

INTRODUCTION  

In many survival scenarios, and in some rescue scenarios, protection from 
the environment and passive rewarming is the only technique available to 
treat those rescued from the cold. A new lightweight composite fabric, 
developed for use in blankets and survival bags, comprises layers of textile, 
waterproof and reflective materials. The product is claimed to be able to 
absorb up to 10 times its weight in fluid whilst keeping patients warm and dry 
(a 2.0 m x 1.5 m blanket weighs 195 g, and should absorb 1.95 kg of water). 
The fabric is intended to absorb water from wet clothing therefore helping to 
improve insulation. It also reflects any heat radiated from the skin, and 
protects a user from wind exposure to minimise evaporative cooling. The 
water absorption is the innovation over traditional survival bags or “space-
blankets”. We hypothesized that using this fabric as a survival bag would 
allow cold wet humans to rewarm faster than when the bag was polythene. 

METHODS  

Following ethical approval 12 volunteer participants (3 female) were 
recruited and provided written informed consent. Participants, dressed in 
underwear, jeans and t-shirt, were immersed in 12 °C water for one hour, or 
until their rectal temperature (Tre) had fallen to 36 °C, if sooner. Immediately 
following immersion, participants were helped, still wearing their wet-clothing, 
into either a polythene survival bag or wrapped in the novel fabric which was 
then sealed like a survival bag to passively recover for one hour in 10 °C air. 
Skin temperature (Tsk) and Tre were measured using thermistors (Grant 
Instruments (Cambridge) Ltd, UK), the latter being self-inserted to a depth of 
15 cm. During the recovery phase of the experiment heart rate (HR, Polar, 
UK) and oxygen consumption (VO2) was measured continuously, by sampling 
into Douglas bags. The expired air samples were analysed for oxygen and 
carbon dioxide concentration (Servomex Series 1400, Servomex Group Ltd, 
UK), volume (Dry Gas Meter Model 506162, Harvard Apparatus Ltd, UK) and 
temperature (Checktemp Digital Thermometer, UK). Half of the group 
undertook the survival bag condition first. A paired-sample T-test was used to 
analyse the thermal data, a Wilcoxon signed-rank test was used to assess the  
subjective thermal comfort and sensation data. 

RESULTS  

All results are given as mean (SD). The participants were: age = 27 (6) years; 
mass = 81.8 (13.7) kg; height = 178.8 (8.6) cm; body fat = 24 (7) %). During 
the last 20 minutes of immersion, Tre fell at 1.3 (0.6) °C.hr-1. At the start of 
recovery the participants were cold and shivering, but were not hypothermic. 
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Over the first 20 minutes of recovery, Tre fell by a further 0.2 °C or 0.3 °C, then 
almost stabilised, but continued to fall very slowly (Figure 1). 

 
Figure 1.  Mean rectal temperature whilst passively recovering from immersion (time 0 = end 
immersion/start of recovery) when wearing wet clothing in 10 °C air and covered with a 
survival aid (n=12). 

The numerical difference in Tre between conditions at the end of the one-
hour recovery period was less than 0.1 °C, and non-significant. There were no 
significant differences in abdomen (Figure 2) or chest Tsk, which followed the 
same pattern as for the abdomen. 

 
Figure 2.  Mean abdomen skin temperature whilst passively recovering from immersion (time 
0 = end immersion/start of recovery) when wearing wet clothing in 10 °C air and covered with 
a survival aid (n=12). 

Index finger pad Tsk followed a similar pattern to abdomen and chest Tsk, 
although the values attained at the end of recovery were only 20.5 (3.4) °C 
and 20.2 (4.2) °C for the polythene and novel fabric conditions respectively. 
Great toe pad Tsk did not increase during recovery and was stable throughout, 
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ending at 12.0 (0.7) °C and 11.6 (0.9) °C for the polythene and novel fabric 
conditions respectively. 

Both VO2 and HR declined gradually over the recovery period, indicative of 
a reduction in shivering as mean body temperature rose (due to increasing 
Tsk), despite the participants having a reduced, although essentially stable, 
Tre. The intensity of shivering was visibly reduced in the later stages of the 
recovery period, with short periods of mild shivering occurring intermittently. 
Over the whole recovery period mean oxygen uptake was not significantly 
different between conditions, although it was greater in the survival bag (12.2 
(5.5) mL.min-1.kg-1) compared to the novel fabric condition (10.7 (3.4) mL.min-

1.kg-1) in the first 10 minutes of recovery (P<0.05). There were no differences 
between conditions identified for HR, thermal comfort, or thermal sensation. 
The mass of water absorbed by the novel fabric during the recovery period 
was 0.41 (0.09) kg. 

CONCLUSION 

Neither the traditional polythene survival bag, nor that fashioned using the 
novel fabric, were associated with an increase in Tre during the hour-long 
post-immersion passive recovery period. The increase in abdomen and chest 
Tsk, much greater than the reduction in Tre, indicated that overall the total heat 
content of the body was likely to have increased during recovery in both 
conditions. The initially rapid, then gradual fall in Tre was likely to have been 
caused by a redistribution of body heat by conduction from the deep to cooler 
peripheral tissues. The peripheral tissues will have been cooled significantly 
during the cold-water immersion phase of the experiment due to heat loss to 
the water, and also due to partial insulation from the warm deeper tissues by 
intense vasoconstriction. No calculations of heat storage ha been made, as 
only abdomen and chest Tsk were available, and this would  not truly 
represent overall mean Tsk. Certainly, it did not represent the temperature of 
the extremities, which remained lower, particularly the great toe pad which 
remained at approximately 12 °C throughout the recovery period. 
There was no evidence that the novel fabric provided any benefit in these 
conditions compared to the polythene survival bag; none of the physiological 
variables indicated any benefit, and the participants did not perceive any 
difference in terms of thermal comfort or thermal sensation. The mass of 
water absorbed by the fabric over the hour recovery period was just over 
twice the mass of the fabric, not ten times as claimed by the manufacturer. 
Using the novel fabric as a survival bag would offer no advantage over 
traditional polythene materials in the conditions of this study. Where possible, 
using an additional insulating layer (e.g. a blanket) under the survival bag 
could aid thermal comfort, and may slow the rate of fall of core temperature 
(Light et al., 1980), and perhaps start to allow this to recover sooner. 
The novel fabric may be appropriate for use in some rescue, clinical, or 
sporting settings, primarily those in which warm casualties, patients or 
athletes should be prevented from cooling too quickly, by reducing the amount 
of heat radiated from the body. In those circumstances the use of a metallised 
windproof layer has been shown to provide a useful thermal benefit (Chang et 
al., 1984; Chang et al., 1995). Previous work suggests that the metallised 
reflective layers offer no advantage over standard polythene in survival 
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situations (Light et al. 1980; Marcus et al., 1977), primarily because radiated 
heat transfer is low compared to other heat loss pathways (conduction, 
convection and evaporation) in such environments (Burton & Edholm, 1955). 
Furthermore, the ability to radiate heat back to the body by such layers may 
be compromised by evaporated (possibly exhaled) water condensing on the 
inner layer of the bag, causing the reflective properties to be lost (Marcus et 
al., 1977). 
Whether the water-absorbing layer affords an advantage in a longer duration 
exposure would have to be tested. In this experiment an average of 
approximately 400 g of water was absorbed into the fabric, presumably from 
the wet, but not dripping, clothing. At the end of the experiment the clothing 
remained wet, although the weight of water remaining in the clothing was not 
measured. Certainly as little as 200 mL water absorbed by clothing worn 
under immersion suits is sufficient to compromise its insulation (Balmi & 
Tipton, 1996), and it seems likely that at least that amount of water remained 
within the clothing at the end of this experiment. 
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EFFECT OF BASE LAYERS ON PHYSIOLOGICAL AND 
PERCEPTUAL RESPONSES TO EXERCISE IN PERSONAL 

PROTECTIVE EQUIPMENT 

Denise Smith, Logan Arena, Jacob DEBlois, Jeannie Haller, Eric Hultquist, 
Wes Lefferts, Tim Russell, Annie Wu, and Patricia Fehling 

INTRODUCTION 

 Firefighting personal protective equipment (PPE) is designed to protect 
against thermal injuries.  However, because of its weight and insulative 
properties, PPE also adds to the physiological and perceptual strain 
experienced by the firefighter (Fogarty et al. 2009, van den Heuvel et al. 2009, 
Wickwire et al. 2007).  New technical textiles, which have the potential to 
enhance cooling through their wicking properties or to attenuate increases in 
temperature through the absorption of heat using phase change materials, 
have recently been introduced to the military and fitness markets. 

 Firefighters wear their PPE during emergency operations, and even 
then firefighters are often able to doff their protective gear during planned 
cooling periods.  Exposure of the base layer during these recovery periods 
may allow for enhanced cooling, which could potentially attenuate strain 
associated with subsequent work bouts.  Thus, the purpose of this study was 
to evaluate the effect of different base layers worn under PPE on 
physiological and perceptual strain during an intermittent work/rest exercise 
protocol.   

METHODS 

 Ten healthy, highly-fit male participants were recruited to participate in 
this study.  Participants performed exercise trials consisting of alternating 
work/rest cycles while wearing full PPE on 4 separate days.  Tests differed 
only in the base layers worn under the PPE.  In each trial, participants wore 
firefighting PPE: turnout coat and pants, hood, helmet, gloves, boots, and self 
contained breathing apparatus (SCBA).  On separate days, participants 
performed the exercise protocol while wearing 1 of 4 base layers under the 
PPE: cotton, modacrylic, wool blend, and phase-change material (PCM).  
Tests were separated by 24 hrs and were conducted at the same time of day.  
Base layer conditions were presented in a randomized order.   
 Participants underwent 7 days of progressive acclimation in firefighting 
PPE prior to the start of the base layer study. These sessions familiarized 
participants to exertion while wearing PPE and acclimated participants. 

 Experimental base layer testing consisted of 4 consecutive days of 
exercising in PPE on the treadmill at a fixed workload (70-75% HR max, 5% 
incline).  Each trial consisted of 3 exercise bouts (20 minutes each) separated 
by a 10 minute, 20 minute and 20 minute rest period after each exercise bout, 
respectively. During the 10 minute rest period, participants doffed the SCBA, 
turnout coat, helmet, flash-over hood and gloves.  During the 20 minute rest 
periods the entire PPE ensemble was removed.  For each rest period, 
participants were seated in a mesh chair and cooled with a fan.  Participants 
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ingested 500mL of water following the first two exercise periods and 591mL of 
Gatorade following the third exercise period.   

 Heart rate (HR), and core temperature (Tco), were measured during 
each experimental trial.  Perceptual measures of Rate of Perceived Exertion 
(RPE) and Thermal Sensations (TS) were collected every 5 minutes 
throughout the testing protocol.   

 Repeated Measures ANOVA models were constructed to test for 
differences in physiological (HR, Tco) and subjective parameters (RPE, TS) 
for each base layer condition.  Significance was set at p < .05. 

RESULTS 

 Participants were young (20.8±0.8 yrs), fit (VO2max 58.9±6.3 ml·kg-

1·min-1) males.  As expected, HR and Tco (Figures 1 and 2) increased during 
exercise and returned toward baseline during recovery periods.   At the end of 
the exercise sessions, average heart rates were 136±6, 144±6 and 140±6 
b·min-1 for exercise periods 1, 2 and 3, respectively.  For the same time 
points, subjects reported average RPE’s of 3.2±0.6, 4.1±0.6, and 4.0±0.8 and 
TS’s of 5.7±0.3, 6.2±0.4, and 5.8±0.3.  However, there were no statistically 
significant differences detected among the base layers during exercise or 
recovery for any of the outcome variables. 

 
 
 

 

Fig 1. Heart Rate Changes. PCM: phase change material. p > .05. 
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Fig 2.  Core Temperature Changes. PCM: phase change material. p > .05. 

DISCUSSION/CONCLUSIONS 

 Personal protective equipment (PPE) provides needed protection 
against thermal injuries and other hazards.  However, it also adds to the 
physiological strain of the wearer.  In this study we explored the possibility 
that new, technical textiles, such as those used by the military and fitness 
industry, may lessen the physiological and perceptual strain of the wearer. 
 Consistent with past research, we found no advantage of any base 
layer when worn under PPE during exercise.  Wickwire et al. (2007) 
determined that a snug-fitting, synthetic, moisture-wicking shirt worn under a 
bulletproof vest did not enhance cooling compared to a 100% cotton shirt.  
Similarly, van den Heuvel et al. (2009) observed no differences in 
physiological or perceived strain among five base layer configurations when 
worn under a standard combat uniform and body armor.  Under a combat 
uniform alone, Fogarty et al. (2009) detected no differences in Tco, skin 
temperature, HR or psychophysical variables between a 100% cotton t-shirt 
and polyester shirt.  

 Data from the current study extends past research by documenting that 
there is no significant difference in physiological (HR, Tco) or perceptual 
(RPE, TS) responses during the rest periods when PPE is removed, and 
hence, there is no effect on subsequent work periods.  U.S. fire departments 
have historically issued cotton t-shirts which are worn under PPE during 
emergency operations.  There appears to be no physiological or perceptual 
advantage for firefighters to switch to new technical base layers. 
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PHYSIOLOGICAL STRAIN ASSOCIATED WITH WEARING 
BODY ARMOUR OF INCREASING BALLISTIC PROTECTION 

Anne M.J. van den Heuvel, Wilko van Dijk, Sean R. Notley, Mark J. Patterson, 
Gregory E. Peoples and Nigel A.S. Taylor  

INTRODUCTION  

Clothing, body armour and metabolic heat production can independently 
elevate thermal strain in individuals working in the heat. This change can 
impair physical and cognitive performance, whilst simultaneously increasing 
the risk of exertional heat illness. When climate, clothing and metabolic rate 
are dictated by external factors, and when cooling is not possible, the only 
way to manipulate thermal loading is to modify the level of ballistic protection.  

Body armour is necessarily heavy, and it impedes evaporative cooling. 
Thus, superior protection induces more heat storage and greater performance 
decrements, while lower ballistic protection increases heat loss. This trade-off 
between protection and performance has long been understood, and the 
purpose of this study was to evaluate the thermal strain imposed by a four-tier 
system of ballistic protection during an urban patrol simulation conducted in 
dry heat. Accordingly, the affects of variations in body-armour mass and 
surface area coverage were explored. 

METHODS  

Eight healthy males completed five trials, each lasting 120 min, in hot-dry 
conditions that simulated Middle East summer climate (45oC, 20% relative 
humidity) with a substantial radiant heat source (infra-red lamps: ~750 W.m-2). 
Subjects first walked on a treadmill at 4 km.h-1 (1% gradient, 90 min). This 
was designed to simulate the movement speed of an urban military patrol, 
and a total metabolic rate of ~320 W. Subjects walked for 28 min, and then 
rested for 2 min, during which time 300 mL of water was consumed (at 
chamber temperature), with this cycle completed three times. At the end of 
this 90-min period, both walking speed and gradient were increased, and 
subjects attempted 30 min of higher-intensity exercise. This phase was used 
to simulate an attack scenario, and a total metabolic rate of ~700 W. Subjects 
now walked at 6 km.h-1 (4% gradient) for 30 min, or until fatigued or reaching 
one of the trial termination criteria. A fan was set in front of each subject to 
produce a constant wind velocity (4 km.h-1) for the entire trial.  

Trials differed only with respect to ballistic protection and the torso surface 
area covered by the different vests that carried the torso armour. In all trials, 
subjects wore a standard camouflaged combat uniform (insulation 0.29 
m2K.W-1) and helmet. Subjects wore each of five different levels of protection 
(Figure 1). Control (Tier zero): vest and webbing without body armour; Tier 
one: lightest armour mass (3.4 kg) with the smallest torso surface area 
coverage (0.24 m2); Tier two: intermediate armour mass (6.8 kg) and surface 
area coverage A (0.30 m2); Tier three: intermediate armour mass (7.8 kg) and 
surface area coverage B (0.44 m2); Tier four: heaviest armour mass (11.0 kg) 
with greatest surface area coverage (0.52 m2).  
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Figure 1. Five levels of ballistic protection (0 = none, 1 = least, 4 = most). 

Webbing pouches were filled with foam to ensure that they behaved as 
they would in the field, but without mass affecting the subject or the properties 
of each pouch. This also simulated equipment bulk which influences arm 
movements and clothing (bellows) ventilation. To further increase the reality of 
the simulation with respect to clothing ventilation, subjects carried a simulated 
weapon to limit arm motion. To remove order effects, the trial sequence was 
balanced across subjects, with each completing the experiment in a different 
order, with at least 1 week separating successive trials on the same subject. 

All testing was conducted at the same time of day, using fully-hydrated 
subjects. Prior to commencing each experiment, all subjects had a pre-
exposure urine specific gravity <1.029 (euhydrated). Measures included body 
core and skin temperatures, heart rate, whole-body sweat and evaporation 
rates, and psychophysical responses.  

RESULTS  

These armoured ensembles had a significant impact upon work tolerance 
times, which decreased as ballistic protection increased, with this difference 
being statistically significant between Tiers 1 and 4 (P<0.05). 

Core temperatures did not plateau during any trial, and, beyond 40 min, 
data started to deviate among the trials as time progressed (Figure 2). 
Statistically significant deviations were evident for comparisons between Tier 
0 and Tier 4 (P<0.05), Tiers 1 and 2 versus Tier 3 (P<0.05), and Tiers 1 and 2 
compared with Tier 4 (P<0.05). There were no significant thermal differences 
among Tiers 0-2, or between Tiers 3 and 4 (P>0.05). Thus, it appeared that 
Tiers 0-2 imposed an equivalent, but lower thermal stress on subjects, while 
Tiers 3 and 4 were also equivalent, but exerted a greater thermal load. 
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Figure 2. Core temperature responses across five levels of ballistic protection (0 = none, 1 = 
least, 4 = most) during a simulated urban military patrol. 

Distinct separations of the thermal influences of the body armour on mean 
skin temperature were also apparent (P<0.05). It was again clear that Tiers 0-
2 formed one group, while Tiers 3 and 4 fell into another. In this latter group, 
the armour was preventing heat loss. However, within each group, there were 
no significant differences among the armour tiers (P>0.05).  

Finally, the heart rate responses were clearly separated among trials 
beyond the first 40 min. Tier 4 always elicited greater strain, with comparisons 
between Tiers 1 and 4, and between Tiers 2 and 4 being statistically 
significant for the time by armour interactions (P<0.05). No significant 
differences were evident among Tiers 0-2, or between Tiers 3 and 4 (P>0.05).  

CONCLUSION 

These observations support the classification of these protection tiers into 
two equally stressful groups: Tiers 0, 1 and 2; and Tiers 3 and 4. Since there 
was no evidence of statistically significant differences among the tiers within 
either of these two groups, then decisions concerning the use of each tier 
within an equally stressful group can be made solely upon the basis of ballistic 
protection required for each operational scenario. However, moving from one 
group to the other will affect both ballistic protection and physiological strain. 
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THERMAL RESPONSE DURING EXPLOSIVES ORDNANCE 
DISPOSAL OPERATIONS: OPTIMISING THE USE OF PHASE 

CHANGE MATERIAL VESTS IN HOT CONDITIONS 

Thake C.Doug, Smith Mark, Oldroyd Mark  

INTRODUCTION  

Core body temperature rises in a biphasic pattern during laboratory based 
physical activity representative of that conducted during explosives ordnance 
disposal operations (Thake and Price 2007; Thake et al. 2009). The rate of 
rise in core temperature increases between 30 and 45 min of activity and is 
coincident with mean skin temperature becoming closer to core body 
temperature (<1°C difference in 40°C ambient temperature) and is associated 
with increased cardiovascular and perceptual strain (Thake et al, 2009). In the 
field EOD operations are often interspersed with a rest period, after 
approximately 45 min, where personnel remove their helmet and jacket for a 
brief time prior to recommencing operations. To date the impact of this ‘rest’ 
period on thermal responses has not been examined. Furthermore, this rest 
‘window’ potentially provides an opportunity for cooling garments (e.g. phase 
change material; PCM vest) to be replaced and thus potentially counter the 
rapid rise in thermal strain observed around this time in laboratory based 
studies. Therefore the purpose of the present study was to investigate the 
effect of replacing a PCM vest, during a rest period within EOD activity, on 
thermal physiological and perceptual strain. It was hypothesized that 
additional cooling, provided by a replacement PCM vest, would limit the 
subsequent rise in thermal physiological and perceptual strain. 

METHODS  

Six non heat acclimated males (age 22±3 yrs; body mass 78.1±9.3 kg; 
stature 176.3±6.5 cm) participated in this investigation that was approved by 
Coventry University Ethics committee. Three trials were conducted by each 
participant at an ambient temperature of 40°C whilst wearing a ≈38 kg EOD 
suit (Mk6, NP Aerospace, UK). The dual fan system delivered ≈200 L⋅min-1 of 
ambient air to the wearers back and 100 L⋅min-1 to the head area throughout. 
The protocol was composed of 3 × 16 min 30 sec activity cycles; 10 min rest 
(helmet, shield, jacket and PCM vest, if worn, were removed and donned in 
first and last 90 sec respectively); 3 × 16 min 30 sec activity cycles (a total of 
109 min) that took place within a 3 m × 5 m enclosed area. Each activity cycle 
consisted of treadmill walking, manual activity, crawling and searching, arm 
ergometry and seated rest as previously described (Thake et al. 2009). In a 
randomised cover-over type design participants did not wear PCM (NoPCM); 
wore one PCM vest throughout (PCM1) or changed the PCM vest in the 10 
min rest period (PCM2). The PCM vests used changed phase at 25°C 
(chosen in consideration of the likelihood of being able to cool the vest to 
below 25°C in a hot environment) and were worn over a cotton t-shirt. 

Heart rate (HR; Polar Vantage, Finland), core temperature (Tcore; 
CorTemp® HQ Inc, Florida, USA) and mean skin temperature (Tskin; 
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Ramanathan, 1964; Grant Instruments, Cambridge, UK) were monitored 
continuously. Heat storage (HS) was calculated (Havenith et al. 1995). Sweat 
rate was estimated from pre to post trial changes in nude body mass. In the 
final 30 sec of treadmill walking and arm ergometry ratings of perceived 
exertion (RPE), thermal sensation (TS) and thermal comfort (TC) were 
sought. Physiological strain index (PhSI) was calculated from normalised 
increases in HR and Tc and a perceptual based strain index (PeSI) was 
calculated from normalised increases in RPE and TS (0 no strain to 10 very 
high strain; Tikuisis et al. 2002). 

Data were analysed using a general linear model analysis of variance 
(ANOVA). Significant (P≤0.05) main effects for condition, time and condition × 
time interaction were investigated using Tukey post hoc tests. 

RESULTS  

Thermal physiological strain increased with duration and was greater in the 
second group of three activity cycles in all three conditions (p<0.001, main 
effect for time for all variables; Fig 1). Within the first group of three activity 
cycles these responses tended to be greatest with NoPCM and were identical 

Fig 1. Core temperature (Tcore), mean skin temperature (Tsk), heat storage (HS) and heart rate 
(HR) responses to activity when wearing the Mk6 EOD suit in 40°C. Error bars are omitted for 
clarity. Refer to table 1 and text for significant differences. 

in PCM1 and PCM2 up to the 10 min rest period (Fig 1). The same trend 
was evident for all perceptual data (p<0.001, main effect for time). It was 
observed that the PCM had changed from solid to liquid by the start of the rest 
period in both PCM1 and PCM2. The rest period between 49:30 and 59:30 
(min:sec) reduced PhSI by 1.2±0.6 across all conditions. Thereafter HS 
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increased at the greatest rate in PCM1and was lowest in PCM2 (p<0.001). 
This resulted in similar physiological strain in NoPCM and PCM1 (NS for Tcore, 
Tsk and HR) during the second group of activity cycles; whereas strain in 
PCM2 was lower (p<0.01 for HR and p<0.001 for Tcore and Tsk compared to 
both NoPCM and PCM1; Fig 1; Table 1) throughout this phase. Perceptual 
strain was also lower in PCM2 (vs. NoPCM and PCM1, p<0.001; Table 1). 
The trend in overall sweat loss reflected this pattern of response (NoPCM = 
1.42±0.47 L; PCM1 = 1.22±0.32 L; PCM2 = 0.90±0.23 L).  

 
Table 1.  Physiological and perceptual variables during arm ergometry in the final activity 
cycle. Values are means ± SD. 

 NoPCM PCM1 PCM2 

Core Temp (°C)#, † 38.0±0.3 37.9±0.3 37.4±0.5 

Mean Skin Temp (°C) #, † 37.2±0.3 37.4±0.3 36.5±0.5 

Heat Storage (J·g-1)#, † 4.2±0.5 3.8±0.5 3.1±0.9 

HR (bt·min-1) ∅, † 135±25 129±34 119±25 

PhSI#, † 4.4±1.0 3.4±1.7 2.5±0.6 

RPE Overall#,† 17.8±1.3 16.6±2.0 14.7±1.6 

Thermal Sensation#, †, Ф 7.0±0.7 7.0±0.7 5.8±0.8 

Thermal Comfort#, †, Ф 7.3±0.8 7.0±0.7 5.5±1.1 

PeSI#, † 8.2±0.8 7.4±1.1 6.4±0.9 
    
#, ∅ main effect for trial (p≤0.01, p≤0.001); † main effect for time (p≤0.001); Ф interaction trial × 
time (p≤0.05). 
 
 

CONCLUSION 

Wearing a PCM vest in hot conditions reduces thermal physiological and 
perceptual strain experienced during three EOD related activity cycles (49:30 
min:sec) compared to not wearing PCM (NoPCM). However, if after a 10 min 
rest period, the same PCM vest is reapplied (without being recharged; PCM1) 
thermal physiological and perceptual strain will rise at a greater rate than in 
NoPCM and will have reached values equivalent to those experienced in 
NoPCM by the end of the sixth EOD related activity cycle. This indicates that 
once the PCM material has phase changed it has becomes a further layer of 
insulation and thus has a negative impact on thermoregulation. Whereas, if 
after a 10 min rest period, another (charged) PCM vest (PCM2) is donned 
instead the thermal physiological and perceptual strain are dramatically 
reduced. Since thermal strain is associated with decrements in performance 
of military based tasks (Taylor and Orlansky 1993), this is considered a 
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positive effect. Furthermore, this investigation has provided empirical 
evidence which indicates that if an EOD mission in a hot environment is likely 
to last significantly longer than one hour without the opportunity to either 
remove, or ideally replace (or recharge) the PCM vest being worn, it may be 
prudent to consider not wearing one at all.  
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THE EFFECT OF SOCK FABRIC ON SKIN HYDRATION AND 
PERCEPTION OF THE FOOT AFTER 1 DAY OF MILITARY USE 

Cornelis P. Bogerd, Reto Niedermann, Paul A. Brühwiler and René M. Rossi 
Contacts: niels.bogerd@upr.si and rene.rossi@empa.ch 

INTRODUCTION  

Friction blisters on the feet are among the most commonly-occurring injuries 
among infantry soldiers (Knapik et al., 1992; Reynolds et al., 1999). Friction 
blisters are caused by friction between the skin of the foot and the sock. This 
friction is known to increase with increased moisture content of the sock fabric 
as well as with an increased skin hydration. The effect of sock fabrics on 
blister incidence among soldiers has therefore been studied, and reported in 
different publications (Knapik et al., 1996; Van Tiggelen et al., 2009). These 
studies concluded that under military conditions the following characteristics 
are associated with a reduced blister incidence: (i) defined as thicker than 
typical army socks, and (ii) not having cotton or wool in direct contact with the 
skin. However, these studies do not allow for differentiating between these 
factors with regards to blister incidence. Recently, we subjected participants 
to 30 min of walking on a treadmill in the Empa laboratory. The participants 
wore on one foot a polypropylene sock (PP) and on the other a wool blend 
sock (BLEND). This study indicated no difference on skin hydration between 
the two sock fabrics. This result was not expected since the moisture behavior 
of these sock fabrics were distinctly different (Rossi et al., submitted). 
Therefore, the present study aimed at understanding the effect the sock 
fabrics on skin hydration at the level of the foot in practical conditions after 
one day of military use. In addition, the perception of the sock fabrics was 
assessed. The present study served as a follow-up of a laboratory study 
reported elsewhere in the proceeding, titled: The effect of sock fabric on skin 
hydration and skin friction of the foot after 30 min walking on a treadmill 
(Bogerd et al.). 

METHODS  

A group of 37 male recruits participated in the present study which lasted four 
days. The average anthropometrical characteristics of the participants were 
(mean ± standard deviation): age 20.8 ± 2.0 years, weight 76.3 ± 9.8 kg, 
height 178 ± 7 cm, and foot length 271 ± 11 mm. The participants wore 
standard marching clothing for neutral and warm conditions. All participants 
wore army boots with an integrated GORE TEX membrane (prototype based 
on KS Leight GTX, AKU, Montebelluna, Italy) in their corresponding size. 
The employed sock fabrics were polypropylene (PP: polypropylene/elastane) 
and a wool blend (BLEND: 
wool/polypropylene/polyamide). For each fabric socks were produced (Jacob 
Rohner AG, Balgach, Switzerland) in five different sizes. The participants 
wore one of each type on a given foot, either PP left and BLEND right, or vice 
versa; this order was balanced over the participants. Fresh socks were worn 
each day, whereas the sock order remained unchanged. 
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The participants underwent basic military training focusing on securing areas. 
Daily around 18:00 a 6.5 km march started. The ambient conditions during the 
march were air temperature 10.6 ± 2.2 ºC, relative humidity 75.6 ± 11.6%, air 
pressure 964.1 ± 3.7 hPa (SensoTCMod 5507, Sensor Electronic, Gliwice, 
Poland). Two types of measurements were carried out after the march; (i) a 
questionnaire including all participants, and (ii) a daily average of 7 
participants underwent additional measurements of foot skin hydration and 
sock gravimetry. 
The questionnaire assessed temperature and comfort of the feet among other 
parameters, using a 10 cm visual analog scale separately for each foot. 
During the following additional measurements, the socks and boots were 
removed from the participant by an experimenter, separately stored in plastic 
bags, and separately on a scale (SB16001, Mettler Toledo, Im Langacher, 
Switzerland). Skin hydration of the foot was measured using a corneometer 
(CM 825, Courage & Khazaka, Cologne, Germany). The following sites were 
evaluated: (i) the plantar surface of the distal phalanx of the first digit (sole of 
great toe), (ii) the posterior surface of the calcaneus (backside of heel), and 
(iii) the dorsal surface of the third metatarsal (upper-side of the center of the 
foot). These sites were measured on the left and right foot, respectively. 
Before the start of the trial any hairs were shaven from these areas, in order 
to prevent a measurement error. 
All participants were analyzed as one group, using repeated measures 
analysis of variance (ANOVA) for within-participant effects. A Bonferroni-
corrected t-test was used as post-hoc comparison if the level for statistical 
significance was reached (p < 0.05). All tests were carried out using 
SPSS 18.0. All data processing was carried out using Matlab 7.11 (R2010b). 

 
Fig 1. Skin hydration for the posterior surface of the calcaneus (backside of heel). An error-
bar indicates a standard deviation; * p < 0.05. 

RESULTS  

BLEND absorbed 2.9 ± 0.3 times more moisture compared to PP after 
normalizing for the dry-weight of the sock (p < 0.001). For instance, the middle 
size sock BLEND absorbed 6.0 ± 2.6 g, whereas the similar sized PP 
absorbed 3.3 ± 1.7 g. 
The skin hydrations of the posterior surface of the calcaneus and the dorsal 
surface of the third metatarsal showed differences between PP and BLEND (p 
< 0.05 and p < 0.01, respectively). Moreover, BLEND resulted in lower skin 
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hydration compared to PP of 13% and 8%, for the two locations respectively. 
The day at which the measurement was collected did not affect the measured 
values. Fig. 1 gives the skin hydration for posterior surface of the calcaneus.  
Finally, the intervention effect indicated that compared to PP, BLEND was 
perceived as cooler, and more comfortable (p < 0.05). Fig. 2 gives the 
average perception responses. 

DISCUSSION / CONCLUSION 

The present results indicate that a difference in moisture behavior of fabrics is 
likely to affect skin hydration of the foot. As skin hydration is related to skin 
friction (Gerhardt et al., 2008), it can be speculated that BLEND would result 
in a lower foot blister incidence under similar conditions as the present study. 
However, a targeted study should be carried out evaluating this hypothesis. 

 
Fig 2. Perception for each day, for PP and BLEND as indicated, given for (a) temperature, 
and (b) comfort. A dot represents the average, and an error-bar indicates a standard 
deviation. 

In addition, the present study indicates a difference between a laboratory 
study, optimized for time, and a field study lasting days. The lack of 
differences on skin hydration in the laboratory study tends to indicate that one 
should be careful in simulating realistic conditions in a laboratory. For the 
present studies, it can be learned that 30 min of treadmill walking is 
insufficient to cause levels of skin hydrations observed after a day of use. 

The present results indicate differences between two sock fabrics; a wool 
blend (BLEND) and polypropylene (PP). Compared to PP, BLEND was rated 
to be cooler, and more comfortable. BLEND was found to store a factor 2.9 
more moisture compared to PP. Two out of three skin sites were found to be 
different between both fabrics, with dryer skin for BLEND measured on (i) the 
posterior surface of the calcaneus, (ii) the dorsal surface of the third 
metatarsal. No difference was found for the plantar surface of the distal 
phalanx of the first digit, a location probably exposed to higher pressures. 
Under the present conditions, BLEND should be preferred over polypropylene 
for the areas of a sock not covering the sole of the feet. 
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DISTRIBUTION OF THE AIR GAP THICKNESS IN CASUAL 
CLOTHING 

Frackiewicz-Kaczmarek Joanna, Psikuta Agnes, Rossi René M., Bueno 
Marie-Ange 

INTRODUCTION  

The current clothing models assume either a homogenous air gap between 
the body and a garment or its lack (Lotens et al., 1991; Li et al., 1998; Fan et 
al., 2000). This approach facilitates the computational process. However, it 
disregards the non-uniform heat, vapour and liquid water transfer, which 
depend on the presence of the contact between surfaces (Umeno, 2001) and 
on the shape of the air layers trapped within the clothing (Bouskill,  2002). The 
effect of the air gap thickness and its change on thermal and evaporative 
resistances according to the model presented by Wissler (Wissler et al., 2009) 
is shown in Fig 1. The air trapped beneath garments and adjacent to the outer 
layer provides the bulk of both the thermal and evaporative resistances. 
Moreover, both resistances increase meaningfully with an air gap thickness 
change. 

 
 

Fig 1. Thermal (b) and evaporative (c) resistances of the layers in a clothing system 
consisting of a cotton fabric (227g/m2, 1mm thick) separated by an air gap as in scheme (a) 
for environmental conditions as follows: Tskin= 34˚C, RHskin= 99%, Tambient= 10˚C, RHambient= 
81%. 

The purpose of the present study was to determine the distribution of the 
air gap thickness and the contact area in casual tight- and loose-fitting 
garments. These parameters are the necessary input to mathematical clothing 
models to ensure a realistic simulation of heat and mass transfer through 
garments. 

METHODS  

A loose-fitting woven shirt and a tight-fitting knitted T-shirt were chosen for 
this study. A motionless male manikin was scanned (3D body scanner Vitus 
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XXL, Human Solutions GmbH, Germany) nude and dressed in the sample 
garments. The manikin was scanned 6 times in each garment being re-
dressed between repetitions to allow random changes of garment drape. 
Scans of nude and dressed manikin were post-processed and super-imposed 
in Geomagic Qualify 11 (Geomagic, USA). Subsequently, the distribution of 
the shortest distance between the surfaces of the nude and dressed manikins 
was determined. An output of the analysis included detailed colour-coded 
mapping of the distribution of the contact area and the air gap thickness over 
the entire covered area. The scans were also divided into body sections for 
which the average values were computed.  

RESULTS  

A colour-coded map of the distribution of the air gap thickness and contact 
area of the evaluated loose-fitting shirt and tight-fitting T-shirt are shown in Fig 
3. Colours blue and green indicate the contact area, whereas colors from 
yellow to red indicate the respective air gap thickness. Additionally, the 
average values for the air gap thickness and the contact area for body parts 
are presented in Fig 4a and Fig 4b, respectively. 

 
Fig 3. Photographs and views of the post-processed scans indicating the contact area and 
the air gap thickness of the loose-fitting shirt and the tight-fitting T-shirt 

 

 
Fig 4.  The mean air gap thickness (a) and the mean contact area (b) of the loose-fitting shirt 
and the tight-fitting T-shirt determined for each covered body part 

DISCUSSION  

The variability of the air gap thickness among six scanning repetitions was 
small showing the average standard deviation over covered body parts of less 
than 2 mm for both garments (Fig 4a). In case of the contact area, the 
average standard deviation of 6%  was observed for the T-shirt and 3% for 
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the shirt (Fig 4b). Low variability of both parameters indicated that despite 
random draping of garments, measurements of the air gap thickness and the 
contact area were repeatable. 

Fig 4a indicates that the air gap thickness was homogeneous at the 
extremities and inhomogeneous at the trunk region. At highly concaved areas 
such as lumbus the air gap thickness was about two times higher than at 
abdomen for the loose-fitting garment (shirt) and about four times higher for 
the tight-fitting garment (T-shirt). Since the thermal and evaporative 
resistances of clothing strongly depend on the thickness of enclosed air 
layers, the clothing models that use cylindrical approximation (Lotens et al., 
1991; Li et al., 1998) may under- or overestimate the heat and water vapour 
transfer especially for these body parts. 

Moreover, when the skin stays in contact with the fabric, the direct 
exchange of the liquid water can take place due to the wicking effect (Umeno 
et al., 2001). Some mathematical models assumed the full contact of the 
underwear with the skin (Wissler et al., 2009, Berger, 2000), whereas only 
max. 60% of the skin area stayed in contact with the T-shirt fabric (Fig. 4b). 
Interestingly, Fig 3 indicates a scarce contact area on the shoulders for the 
loose-fitting clothing in contrast to the same region of the tight-fitting garment. 
This fact contradicts intuitive assumption that, since garments covering the 
upper body rest on the shoulders, they remain in contact with the skin on the 
large area. 

CONCLUSION 

This study investigated the distribution of the air gap thickness and the 
contact area in the tight- and loose-fitting clothing. This knowledge will be 
applied in modeling of the heat and mass transfer in clothing to enhance 
realistic simulation of the user conditions. Nevertheless, a larger selection of 
garments and body shapes is required in order to investigate governing 
principles of these two clothing parameters. 
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EFFECTS OF DIFFERENT HARNESS DESIGN OF SELF-
CONTAINED BREATHING APPARATUS (SCBA) FOR 
FIREFIGHTING ON PHYSIOLOGICAL RESPONSES IN 

NEUTRAL AND HOT ENVIRONMENTS 

Ilham Bakri, Joo-Young Lee, Kouhei Nakao, Hitoshi Wakabayashi, Yutaka 
Tochihara  

INTRODUCTION  

Almost all previous investigations of carrying load close to the trunk put 
their emphasis mainly on the metabolic and biomechanical changes as well 
as medical hazards and performance limitations (Holewijn 1990; Knapik et al. 
1996). Comparison studies about the effects of backpack frames or harness 
systems with different designs, masses, or modes of carriage, especially 
those including Self-Contained Breathing Apparatus (SCBA), on the 
physiological and subjective responses of the wearer are very rare. Since the 
use of protective clothing and SCBA are mandatory for firefighters in neutral 
or hot environments, the influence of SCBA on physiological responses 
should be evaluated in these conditions. However, any breakthrough in the 
design of SCBA or supporting devices must be reviewed in order to 
understand its impact on the wearer. Therefore, the purpose of this study was 
to investigate effects of different harness designs of SCBA on physiological 
responses both in neutral and hot environments. 

METHODS  

Eight healthy male volunteers [Mean ± SD: Age 22.6 ± 1.6 years, height 
170.9 ± 1.8 cm, body mass 60.29 ± 4.96 kg, body surface area 1.68 ± 0.06 
m2, body fat (%BF) 16.1 ± 2.0 %, maximum oxygen uptake (Vo2max) 49.2 ± 6.6 
ml·kg-1·min-1, maximum heart rate (HRmax) 193 ± 8 bpm] participated in this 
study. Each subject underwent a total of 8 tests, 4 tests were performed in a 
neutral air temperature (Ta) 22oC and 40% relative humidity (RH), and the 
other 4 were performed in a hot environment with Ta 32oC and 40% RH. 

Four combinations of protective clothing, SCBA, and harness were 
employed: firefighter protective clothing alone as the Control condition (8.3 kg 
in total). In Test A the subjects wore firefighter protective clothing (PC) 
combined with an 11.0 kg SCBA with an old strap, which consisted of a 5 cm 
wide cushioned shoulder strap, and un-cushioned chest and hip straps. In 
Test B, the subjects wore the firefighter PC combined with a 6.4 kg SCBA with 
the same old strap as was used in Test A, and in Test C they wore the 
firefighter PC combined with a 6.4 kg SCBA with a new strap. The new strap 
consisted of an 8 cm wide cushioned shoulder strap, a 10 cm wide cushioned 
hip strap, and no chest strap.  Instead of using an SCBA full-piece mask, the 
subjects used the respiration gas collector mask of a respirometer for the 
expired gas analysis. In the experimental chamber, the subjects sat on a chair 
for a 10 min stabilization period. The subjects then performed 30 min exercise 
on a treadmill without a slope. The initial speed was 4 km·hr-1 and was 
gradually increased to 6 km·hr-1 in 2 min and maintained until the end of 30 
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minutes of the exercise. After that, the subjects were asked to sit down, and 
the gas collector mask was removed for a 20 min-recovery period. 

Rectal temperature (Tre) was measured every second using a data logger 
and a temperature probe which was inserted 16 cm beyond the anal 
sphincter. ΔTre is the increase in Tre from the baseline Tre to the maximum Tre. 
The Tre time lag represents the time from the end of the exercise period until 
the moment when Tre began to plateau or decrease. The volume of expired 
gas was continuously measured throughout the trial using an automatic 
respirometer. Oxygen uptake (V

．
o2) and the respiratory exchange ratio (RER) 

were averaged every minute, and metabolic rate (Ṁ) was estimated from V
．
o2 

and RER. Heart rate (HR) was measured every second throughout the 
experiment using an HR monitor. Using the rectal temperature and heart rate, 
a physiological strain index (PSI) was calculated (Moran and Pandolf 1999). 

All quantitative data were expressed as the last 3 min average of each 
period and standard deviation (mean ± SD). Two-way ANOVA with repeated 
measures was used to identify any difference in physiological responses due 
to the permutation sequence of four types of protective clothing + SCBA and 
two different kinds of environmental conditions. Post hoc test was conducted 
for the items showing significant differences by ANOVA. Statistical 
significance was set at p<0.05. 

RESULTS  

Table 1 shows the physiological response of the subjects before, during 
and after exercise. V

．
o2 was influenced by personal protective equipment 

(PPE) during the exercise period, but not by Ta. HR at the end of exercise 
period was significantly affected by both Ta and PPE, and there was also a 
significant interaction between these factors (p<0.05). After the recovery 
period, HR was significantly affected by both Ta and PPE, but there was no 
interaction between them. The peak heart rate (HRpeak) during exercise was 
significantly influenced by Ta and PPE (p<0.05) without any interaction 
between the parameters. At 22oC, no significant differences of mean HRpeak 
was found among test conditions. At 32oC, the HR of Test A was significantly 
higher than that of the Control (p<0.05). During recovery, Ta and PPE did 
affect Tre but there was no interaction between the factors, while during the 
exercise period, only Ta influenced Tre. 

During exercise at Ta 22oC, the Ṁ of the Control was significantly lower 
than that observed during Test A (Fig. 1a). At Ta of 32oC, the Ṁ of the Control 
was significantly lower than those observed during Tests A and B. The Ṁ 
obtained for Test A was also significantly higher than that of Test C at Ta of 
32oC (p<0.05). However, only PPE group had a significant effect on Ṁ during 
exercise. At both Ta 22oC and 32oC, all ∆Tre among test conditions were not 
significantly different (Fig. 1b). Time lag for decreasing Tre after exercise at 
32oC was much longer than at 22oC (Fig. 1c). The differences in the Tre time 
lags observed at Ta 22 and 32oC was confirmed by statistical analysis, which 
showed that Ta had a significant influence on the time lag (p<0.05), but there 
was no significant difference among the PPE groups.  
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Table 1. Average of the last 3 min of oxygen consumption during rest period  (Vo2-rest) and 
exercise period (Vo2-exec); heart rate during rest period (HR-rest), exercise period (HR-exec) and 
recovery period (HR-recv); rectal temperatures during rest (Tre -rest), exercise (Tre -exec), and 
recovery period (Tre -recv) 
 Ta  22oC 
 Control Type A Type B Type C 
V
．
o2-rest (l·min-1) 0.2±0.0 0.2±0.1 0.2±0.1 0.2±0.0 

V
．
o2-exec (l·min-1) 1.2±0.1 1.6±0.3* 1.4±0.1 1.4±0.2 

HRrest (bpm) 74±10 75±7 75±12 76±9 
HRexec (bpm) 144±16 163±19 159±24 154±22 
HRrecv (bpm) 92±10 107±12 103±20 103±16 
Tre-rest (oC) 36.8±0.3 36.8±0.5 36.8±0.4 36.9±0. 4 
Tre-exec (oC) 37.5±0.5 37.8±0.6 37.8±0.4 37.7±0.8 
Tre-recv (oC) 37.5±0.3 37.9±0.5 37.8±0.4 37.7±0.4 
 Ta  32oC 
 Control Type A Type B Type C 
V
．
o2-rest (l·min-1) 0.2±0.1 0.2±0.1 0.2±0.0 0.2±0.0 

V
．
o2-exec (l·min-1) 1.3±0.2 1.7±0.2* 1.5±0.2 1.4±0.2† 

HRrest (bpm) 73±12 80±7 81±10 79±9 
HRexec (bpm) 153±12 176±17* 167±20 165±17 
HRrecv (bpm) 107±9 123±13 120±13 122±17 
Tre-rest (oC) 36.9±0.3 36.9±0.2 36.9±0.3 36.8±0.4 
Tre-exec (oC) 37.9±0.3 38.1±0.4 38.0±0.5 37.9±0.4 
Tre-recv (oC) 38.3±0.3 38.7±0.4 38.5±0.4 37.5±0.5 

*p<0.05, significant difference when compared to Control by Turkey post-hoc test; †p<0.05, 
significant difference when compared to Type A by Turkey post-hoc test. 
 

The PSI index was significantly affected by Ta and PPE group in both the 
exercise and recovery periods (p<0.05; Fig. 1d). During exercise without a 
SCBA (Control) at a Ta of 22oC, the PSI was only moderate and improved to 
low strain after the recovery period. However, when the subjects used a 
SCBA at a Ta of 22oC, the index was high during exercise, even though that it 
was reduced to moderate during the recovery period. During this recovery 
period, the PSI of the Control was significantly lower from those observed 
during Tests A and B (p<0.05). The subjects' conditions worsened when they 
were subjected to Test A at a Ta of 32oC, in which the physiological strain was 
approaching very high and was significantly different from that of the Control. 
After the recovery period, only the index of the Control was reduced to a 
moderate level, while those of the other PPE groups remained high. 

CONCLUSION 

The Vo2 and Ṁ of the lightweight SCBA with the new shoulder strap (Type 
C) were significantly different from those of the other SCBA with the old 
shoulder strap (Type B). There were no significant differences in HRpeak, ΔTre, 
or the time lag preceding the start of the reduction in Tre after the cessation of 
exercise among the PPE groups. However, air temperature clearly had a 
significant effect on these physiological parameters; i.e., HRpeak and ΔTre 
became higher, and time lag became longer when the temperature was 
increased. The longer time lag suggests that special attention should be paid 
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to the continuous rise in core temperature that occurs after fire fighting in heat 
wearing protective clothing and SCBA. 

 
Fig 1. Physiological responses of subjects at air temperature (Ta) 22oC and 32oC; (a) 
Metabolic heat production; (b) Changes in Tre from rest to the maximum; (c) Time lag for 
starting Tre fall after cessation of exercise; (d) Physiological Strain Index (PSI) at exercise and 
recovery periods (0: No/Little; 2 : Low; 4 : Moderate; 6 : High; 8 : Very High).  
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THE EFFECT OF SOCK FABRIC ON SKIN HYDRATION AND 
SKIN FRICTION AFTER 30 MIN WALKING ON A TREADMILL 

Cornelis P. Bogerd, René M. Rossi & Paul A. Brühwiler 
Contacts: niels.bogerd@upr.si and rene.rossi@empa.ch 

INTRODUCTION  

Friction blisters on the feet are among the most commonly-occurring injuries 
among infantry soldiers (Knapik et al., 1992; Reynolds et al., 1999). Blister 
incidences ranging between 40% and 80% were counted for 15 soldiers after 
a 20 km march (Knapik et al., 1997). In fact, blisters can result in off-duty time 
of an average length of two days for 2% to 10% of soldiers (Knapik et al., 
1996; Knapik et al., 1992). In addition, Van Tiggelen et al. (2009) have 
suggested that blister induced discomfort causes changes in gait patterns, in 
an attempt of reducing blister-induced discomfort, which can lead to overuse 
injuries, e.g., at the knee and ankle. 
Friction blisters are caused by friction between the skin of the foot and the 
sock. This friction is known to increase with increased moisture content of the 
sock fabric as well as with an increased skin hydration. The effect of sock 
fabrics on blister incidence among soldiers has therefore been studied, and 
reported in different publications (Knapik et al., 1996; Van Tiggelen et al., 
2009). The conclusions of these studies were that, under military conditions 
the following characteristics are associated with a reduced blister incidence: 
(i) defined as thicker than typical army socks, and (ii) not having cotton or 
wool in direct contact with the skin. However, these studies do not allow for 
differentiating between these factors with regards to blister incidence.  
The present study aimed at understanding the effect the sock fabrics on skin 
hydration and skin friction at the level of the foot after 30 min of walking under 
on a treadmill. The moisture transport behavior of the two sock fabrics used 
were previously characterized and found to represent two extremes among a 
larger sample of fabrics (Rossi et al., submitted). The present study preceded 
a field study reported elsewhere in the proceeding, titled: The effect of sock 
fabric on skin hydration and perception of the foot after 1 day of military use 
(Bogerd et al.). 

METHODS  

Twelve healthy male recruits participated in the study. The average 
anthropometrical characteristics of the participants were (mean ± standard 
deviation): age 19.9 ± 0.7 years, weight 72.5 ± 8.7 kg, height 176 ± 8 cm, and 
European boot size 43 ± 1. The participants wore standard marching clothing 
for neutral and warm conditions. All participants wore army boots with an 
integrated GORE TEX membrane (KS Leight GTX, AKU, Montebelluna, Italy) 
in their corresponding size. The study was approved by the Ethics Committee 
of St. Gallen, Switzerland. 
The employed sock fabrics were polypropylene (PP: polypropylene/elastane) 
and a wool blend (BLEND: wool/polypropylene/polyamide). For each fabric, 
socks were produced in three different sizes (Jacob Rohner AG, Balgach, 
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Switzerland). The participants wore one of each type on a given foot, either 
PP left and BLEND right, or vice versa; this order was balanced over the 
participants.  
The participants walked for 30 min with a speed of 5 km·h-1 on a treadmill 
(PPS 70 L, Woodway, Weil am Rhein, Germany), without inclination. All 
walking phases took place in a climate chamber with an ambient temperature 
(Ta) of 17.1 ± 1.3 ºC and relative humidity (RH) of 53 ± 5%. The walking 
phase was preceded and followed by measuring phases. These measuring 
phases took place in a second climate chamber stabilized at 
Ta = 25.5 ± 0.2 ºC and RH = 52 ± 1%. 
After the socks and boots were removed from the participant by an 
experimenter, they were separately stored in plastic bags, and weighed on a 
scale (SB16001, Mettler Toledo, Im Langacher, Switzerland). Skin hydration 
of the foot was measured using a corneometer (CM 825, Courage & Khazaka, 
Cologne, Germany). The following sites were evaluated on the left and right 
foot: (i) the plantar surface of the distal phalanx of the first digit (sole of great 
toe), (ii) the posterior surface of the calcaneus (backside of heel), (iii) the 
dorsal surface of the third metatarsal (upper-side of the center of the foot). 
Before the start of the trial any hairs were shaven from these areas, in order 
to prevent a measurement error. 
 

 
 

Fig 1. An experimenter during a skin friction assessment. 

Skin friction was measured by moving the heel over a glass plate attached to 
force transducers (Fig. 1). The experimenter moved the (nude) posterior 
surface of the calcaneus over the glass plate from left to right and back; seven 
to eight such cycles were made consecutively during 60 s, first for the left foot, 
then for the right foot. A glass plate was chosen as friction partner since, in 
contrast to fabrics, its properties change little between measurements, and it 
is easy to clean using ethanol. The glass plate used (Matt 14, Fällander Glas, 
Zürich, Switzerland) was slightly rough, for which it is known that skin friction 
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increases with increasing wetness (Derler et al., 2009); fabrics typically show 
a qualitatively similar behavior. 
The following forces were measured in the direction along three axes: (i) the 
normal force (Fn), perpendicular to the force plate, (ii) Fx, along the 
longitudinal axis of the body of the participant, and (iii) Fy, in the direction of 
movement of the foot. The coefficient of friction (COF) was calculated as 
COF = (Fx

2 + Fy
2)1/2 / Fn. 

Repeated measures analysis of variance (ANOVA) for within-participant 
effects were used for the statistical analysis of most datasets. A Bonferroni-
corrected t-test was used as post-hoc comparison if the level for statistical 
significance was reached (p < 0.05). All tests were carried out using 
SPSS 14.0. 

  
Fig 3. Skin hydration for the the posterior 
surface of the calcaneus (backside of heel); 
for measuring preceeding (phase 1) and 
succeding (phase 2) the walking exercise.  

Fig 4. Coefficient of friction for measuring 
preceeding (phase 1) and succeding (phase 
2) the walking exercise.  

RESULTS  

The weight differences before and after walking for the socks was significantly 
different between the sock fabrics (p < 0.001), with 2.0 ± 1.2 g and 4.7 ± 1.8 g, 
for PP and BLEND, respectively. Results for skin hydration indicated no 
intervention effect (Fig. 3). However, a time effect was present, indicating 
lower values (drier skin) for measuring phase 1 compared to measuring phase 
2 (p < 0.001). COF from eight participants could be analyzed. Fig. 4 gives all 
analyzed COF. Similar to skin hydration, no intervention effect was found for 
this parameter. However, a time effect indicated a difference for the COF 
between the first and the second measuring phase (p < 0.05). 

DISCUSSION / CONCLUSIONS 

Differences between the sock fabrics were found for weight gain, confirming 
at least partly the difference in moisture behavior between the two sock 
fabrics. The differences in moisture behavior of the two sock fabrics did not 
result in measurable differences in parameters measured on the skin of the 
foot. It is suggested that a surge in these parameters lasts minutes; the 
development thereafter is undetectable, within the conditions of 30 min of 
walking as for the present study. 
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THE EFFECT OF SPECIAL TROUSERS WHICH WERE 
PRODUCED FROM THE THERMAL MATERIALS OF STORAGE 

HEAT KNEADED FOR ANTI-POOR CIRCULATION 

Mikie Kusunoki 

INTRODUCTION  

Poor circulation is not a symptom peculiar to a woman, but there is an 
increasing number of evidence that young women also suffer from poor 
circulation. The author reported in a precedent study that the effective 
methods were to keep the limbs end warm.  

This study is to perform the subject experiment with special trousers which 
are said to be effective in keeping lower limbs warm. Special trousers are 
produced from the thermal materials of storage heat kneaded with special 
carbon minerals. The effect of the anti-poor circulation measures is examined. 

METHODS  

1)Trousers: Two kinds of trousers were used; one was A which contained 
the functionality polyester fiber aimed for heat retention; the other was B 
which contained the regular polyester fiber. (Table 1) 

2) Subject: Experiment 1：10 healthy female students were participated in  
order to obtain the data with each trousers outdoors and indoors. In the 
outdoor experiment each subject took a walk for 50 minutes, and in the indoor 
experiment one sat in a chair of the climatic chamber for 30 min. The chamber 
was controlled at 25.45±1.80℃, 56.25±6.25％R.H. , and still air. Experiment 
2：12 healthy female students were participated in Experiment 2. The 
purpose was to obtain the data of A from these subjects; some have the 
symptom of poor circulation and others do not. Each subject sat in a chair of 
the climatic chamber for 30 min. The chamber was controlled at 
25.13±0.53℃, 52.5±7.75％％R.H., and still air.  

3) Skin surface temperature: The skin surface temperature was measured 
by using an infrared thermograph.The camera was set from the human body 
with a position of 150cm. The domain from a knee to toe in thermograph was 
measured for the surface skin temperature of foot. The Maximum 
Temperature, the Minimum Temp. and the Mean Temp. were analyzed. In 
addition, the surface illumination of the chair was 65 lexes. 
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Table 1.Physical characteristics of trousers  

 Trousers  A(A) 
 

Trousers  B(B) 
 

Fiber 100% Polyester 100% Polyester 
Fabric weight  (g/m2) 199 221 
Fabric thickness  (mm) 0.61 0.79 
Waist  (cm) 64 61 
Hip   (cm) 102 102.5 
Inner crotch width  (cm) 32.5 33 
Knee width  (cm) 24 25 

  Hem width  (cm) 21 21 
Inner leg length  (cm) 69 70.5 
Side length  (cm) 94 94 

RESULTS  

1. The Surface Temperatures of the Subjects Wearing A Outdoors or 
Indoors（Table 2）. 

In the case of the subjects wearing A outdoors, the Max. Temp. showed 
37.16±0.21℃, the Min. Temp. showed 26.66±0.70℃, and the Mean. Temp. 
showed 34.38±0.48℃. In the case of the subjects wearing A indoors, the Max. 
temp. showed 36.70±0.56℃, the Min. temp. showed 29.76±0.94℃, and the 
Mean. Temp. showed 34.60±0.73℃. The Min. Temp. indoors was shown 
significantly higher than outdoors (P<0.01). 

Table 2.  The Surface Temperatures of the Subjects Wearing A Outdoors or 
Indoors�℃、N=5� 

 Outdoors Indoors Significance 
 

Max.Temp. （℃）  37.16±0.21 36.70±0.56 n.s 
Min.Temp. （℃）  26.66±0.70 29.76±0.94 P<0.01 
Mean.Temp.（℃） 34.38±0.48 34.60±0.73 n.s 

 
 
2. The Surface Temperatures of the Subjects Wearing B Outdoors or 

Indoors（Table 3）. 
In the case of the subjects wearing B outdoors, the Max. Temp. showed 

37.18±0.36℃, the Min. Temp. showed 29.56±0.39℃, and the Mean. Temp. 
showed 35.50±0.19℃. In the case of the subjects wearing B indoors, the Max. 
Temp. showed 35.86±1.05℃, the Min. Temp. showed 27.72±0.75℃, and the 
Mean. Temp. showed 33.96±1.13℃. The Max., Min. and Mean Temp. 
outdoors were shown significantly higher than indoors (P<0.01, P<0.05). 
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Table 3.  The Surface Temperatures of the Subjects Wearing B Outdoors or 
Indoors�℃、N=5� 

 

3. The heat retention of A with subjective symptom of poor circulation or 
with subjective symptom of good circulation (Table 4) . 

In the case of the subjects who have subjective symptoms of poor 
circulation, the Max. Temp. showed 35.43±0.74℃, the Min. Temp. showed 
27.42±0.96℃, and the Mean. Temp. showed 33.19±0.88℃. In the case of the 
subjects who have subjective symptoms of good circulation, the Max. Temp. 
showed 35.74±0.66℃, the Min. Temp. showed 27.70±1.11℃, and the Mean. 
Temp. showed 33.41±0.63℃. The Max. Temp. of the subjects who have 
symptoms of good circulation was shown significantly higher than that of poor 
circulation(P<0.05). 

Table 4. Surface temperature wearing A�℃、N=12� 

DISCUSSION 

The author reported that in the questionnaire survey for 123 female 
students, it was 62 people (50.4%) who had poor circulation, and pointed out 
that the subjective symptom of poor circulation inflicted female students most. 
Therefore positive measures for the poor circulation are demanded. The 
author thought in a precedent study that the most effective way was to keep 
the limbs end warm. A which was used in this experiment, was the product of 
the use of activeness thermal insulation material. According to the 
advertisement of the manufacturer, the most remarkable characteristic of A 
was that it absorbs all the wavelengths of the solar light and converts it into 
heat. 

The result of the experiment showed that in wearing A, the heat retention 
was higher indoors than outdoors, and in wearing B, it is higher outdoors than 
indoors. From the result that heat retention of A is higher indoors than 
outdoors, it is confirmed that A absorbs not only the light of the sun but also 
artificial illumination without missing every single wavelength of light. On this 
account heat retention is considered to remain at any place if there is only 

 Outdoors Indoors Significance 
 

Max.Temp. （℃）  37.18±0.36 35.86±1.05 P<0.05 
Mini.Temp. （℃）  29.56±0.39 27.72±0.75 P<0.01 
Mean.Temp.（℃） 35.50±0.19 33.96±1.13 P<0.05 

 With   Subjective 
symptom of  poor 
circulation 

With    Subjective 
symptom  of  good 
circulation  

 
Significance 

 
Max.Temp. （℃）  35.43±0.74 35.74±0.66 ｐ＜0.05 

 
Min.Temp. （℃）  27.42±0.96 

 
27.70±1.11 n.s 

Mean.Temp.（℃） 33.19±0.88 
 

33.41±0.63 n.s 
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light in wearing A. On the other hand, as for B, the result confirmed that an 
effect was grown by absorbing a visible ray of the sun light. It was made clear 
that the heat retention by the absorption of the direct rays of the sun in 
particular was high in wearing B.  

Comparing one group who had poor circulation in the A wearing with the 
other one who had good circulation from the skin surface temperature, there 
was a difference observed in the Max. Temp., but obviously there was no 
difference shown in the Min. Temp. and the Mean. Temp..  It was not made 
clear that there was any relation of whether one has poor circulation 
awareness or not with the skin surface temperature in lower limbs, but the 
result was interesting because there was not any significant difference in the 
Min. Temp. and the Mean. Temp. between poor circulation group and good 
circulation one. My judgement is in suggesting that wearing of A should be 
effective on the poor circulation group.  

CONCLUSION 

As a result of having examined the heat retention of A by comparison with 
B as a measure of female students, the following remarks became clear.  1) In 
wearing A, the heat retention was higher indoors than outdoors, and in 
wearing B, it is higher outdoors than indoors. 2) Given the difference in the A 
wearing between the group of poor circulation and that of good circulation, 
there was a difference in the Max. Temp., but there was no difference shown 
in the Min. Temp. and the Mean. Temp..  
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EFFECT OF THE WETNESS OF CLOTHING MADE OF 
DIFFERENT MATERIALS ON THE MEAN SKIN TEMPERATURE 

IN A HOT ENVIRONMENT 

Kouhei Kuwabara, Hideki Kubota, Yasuhiro Hamada & Katsunori Nagano 

INTRODUCTION 

The mortality rate from heat disorders increases every year in Japan. The 
measures taken to prevent heat strokes include the use of better clothing 
material. The aim of this study is to identify the effect of clothing material on 
sweat evaporation and on the mean skin temperature (MST) of the subject’s 
body in a hot environment. To estimate the effect of wet clothing, we 
measured the weight of wet clothing for different types of clothing materials 
when a subject is exercising. The weight increase of clothing was compared 
with a virtual dripping sweat rate (VDSR) which was introduced by applying a 
human model developed by the authors for predicting MST. The model takes 
into consideration the effect that sweat (in terms of sweat efficiency) and wet 
clothing have on these two parameters. It was verified through human 
experiments conducted indoors and outdoors (Kubota et al., 2003, Kuwabara 
et al., 2008).  

METHODS 

Overview of mean skin temperature calculation considering wet clothing 

The heat balance equation for the surface of the skin can be written as 
qM − qwk − qst = qres + qrc + qdif + qswev W/m2, (1) 

where qst is the rate of heat storage; qM, the metabolic rate; qwk, the external 
work; qres, the heat loss by respiration; qrc, the heat loss by radiation and 
convection; qdif, the heat loss by diffusion through the ‘dry’  horny skin layer; 
and qswev, the heat loss from the evaporation of sweat produced by effective 
sweating. 

In our model (Kubota et al., 2003, Kuwabara et al., 2008), we hypothesize 
that some amount of ‘virtual dripping sweat rate (VDSR, qdr)’ wets the clothing 
and that the heat loss from the evaporation occurring in wet clothing 
contributes to the cooling of the body. VDSR is defined as the sweat rate 
appearing locally where the sweat rate exceeds the local capacity of 
evaporation when the clothing remains dry. Therefore, the heat loss from the 
evaporation of sweat produced by effective sweating qswev is defined as 
follows: 

qswev = qsw − qdr + kdrqdr, (2) 
where qsw is the sweat rate in W/m2; qdr, the VDSR in W/m2; and kdr, the rate 
of increase in effective sweating.  
The sweating efficiency ηsw is defined as the ratio of the evaporative sweat 
rate (= qsw − qdr) to qsw when the clothing remains dry. We introduce a 
parameter named virtual skin wettedness, represented by wsw, which is 
defined as the ratio of qsw to the maximum evaporative capacity qmax in W/m2 

when the clothing remains dry. The skin wettedness weff is defined as the ratio 
of the evaporative sweat rate to qmax. 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 294 

ηsw = (qsw − qdr) / qsw (3) wsw = qsw/qmax (4) 
weff = (qsw − qdr) / qmax, where  (weff > wcrit) (5) 

Here, wcrit is the critical skin wettedness for the areas where the VDSR 
appears. From the equation (3) we have following relation on VDSR. 

 qdr/qsw = 1 − ηsw   (6) 
qrc, qdif, and qsw are expressed as functions of the MST. Substituting these 

equations into the heat balance equation (1) yields the prediction formulae for 
the MST under following three conditions: 1) when no sweat is ‘dripping’, 2) 
when sweat is ‘dripping’, and 3) when complete wetting of the body surface 
occurs.  
Outline of human experiments 

Two types of clothing ensembles (CEs) of popular materials were tested: 
CE1) 100% cotton T-shirt and trousers and CE2) 100% polyester T-shirt and 
60% cotton/40% polyester trousers. The underwear, socks, and shoes worn 
by the subjects were of the same type. Human experiments using CE1 were 
carried out in December 2009 and in February and September 2010, and 
those using CE2 were carried out from October to November 2010. The 
subjects used were six males. Each of the six males was subjected to a 
workload of approximately 49 W/m2 using a bicycle ergometer for them to 
achieve a metabolic rate of approximately 4.5 met. Skin temperatures were 
measured with intervals of 10 s, while the subjects were exercising, at the 
following eight locations: forehead, abdomen, back, forearms, dorsal hand, 
thigh, leg, and dorsal foot. The experiments were carried out in time periods 
measuring 90 min, which consisted of 9 slots of 10 min each, during which the 
subject performed the cycling exercise. Body weight measurements were 
performed in 1 min, and the subjects cycled for 9 min. The weights of naked 
subjects and their clothing were measured at three instances: before and after 
the experiment and 30 min after the start of the experiment. The environment 
of the room was such that the air temperature was 25 - 39°C, the relative 
humidity was 50%, and the air was calm. 

RESULTS 

Fig. 1 shows the relationship between skin wettedness wsw and the rate of 
the increase in the weight of 
clothing ensembles. Three open 
triangles fewer than 60 g/(h·m2) of 
rate of the increase in the weight of 
CE2 were obtained from one 
subject. There was no significant 
difference between the weights of 
the two types of clothing ensembles 
without this subject. 

 
Fig 1. Relationship between skin wettedness 

wsw and rate of weight increase in CEs. 
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Fig. 2 shows the relationship between wsw and the ratio of the sweat rate 
retained in the clothing to the sweat rate, and 1-ηsw (= qdr/qsw). Solid circles 
represent the ratio of the sweat remaining in CE1 to the sweat rate. Open 
triangles represent the ratio of the sweat remaining in CE2 to the sweat rate. 
Solid lines represent the ratio of the VDSR (qdr) to the sweat rate qsw. There 
was no significant difference between the weights of the sweat rate retained in 
both clothing ensembles without one subject of CE2. 55% of the qdr was 
retained in both clothing ensembles. Moreover, there was no significant 
difference in measured MST of human subjects who wear two types of 
clothing ensembles (Fig. 3). From the result, we identified that 45% of the qdr 
contributed to the effective evaporation. Therefore, we used the value of kdr = 
0.45 for our model.  

The MST predicted by our model and those obtained from the experiments 
were in a good agreement (Fig. 4). In addition, we tried to estimate the MST 
for human subjects if the effect of wet clothing was not considered, i.e. kdr = 0. 
The MST at kdr = 0 was extremely larger than that measured, and that at kdr = 
0.45. 

CONCLUSION 

To evaluate the effect of the wet 
clothing of different materials on the 
mean skin temperature (MST) of the 
human body, we measured the 
weight change for two clothing 
ensembles when the subjects 
wearing them were exercising in a 
hot environment. There was no 
significant difference in the weight 
increase of the two types of clothing 
ensembles, and also in the MST of 
human subjects who wear two types 
of clothing ensembles. By introducing 

 
Fig 2. Relationship between skin wettedness 

wsw and sweat retained in clothing. The 
dashed line represents 55% of the solid line. 

 

Fig 3. Relationship between air temperature 
and measured mean skin temperature. Circles 

and triangles are the average value of three 
subjects. 

 
 

 
Fig 4. Predicted mean skin temperature vs. 

measured mean skin temperature 
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a human model developed by the authors for predicting MST and the virtual 
dripping sweat rate (VDSR), we identified that 55% of the VDSR was retained 
in these clothing ensembles and the rest of VDSR of 45% contributed to cool 
body by evaporation. The MST predicted by applying this result to our model 
and those obtained from the experiments were in a good agreement. 
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BODY REGION-DEPENDENT EFFECTS OF MENTHOL 
APPLICATION ON THE ALLEVIATION OF HEAT STRAIN  

WHILE WEARING FIREFIGHTERS’ PROTECTIVE CLOTHING 

Kouhei Nakao, Joo-Young Lee, Ilham Bakri & Yutaka Tochihara  

INTRODUCTION  

Firefighting imposes high physical demands on firefighters in hazardous 
environments. Encapsulated personal protective equipment (PPE) is therefore 
necessary to protect firefighters from the dangers they encounter. Typical fire-
fighting PPE, including a self-contained breathing apparatus (SCBA), weigh 
~26 kg and have a thermal insulation value of ~2.44 clo (Barr et al. 2010). 
Such heavy clothing and high thermal insulation increase the heat strain of 
the wearer, especially in hot environments. As a consequence, the following 
cooling strategies for firefighters have been suggested: hand and forearm 
immersion, cooling vests, air/mister fanning, altered clothing configurations, 
and the consumption of cold drinks. ˙However, cooling chambers, water 
baths, and freezers for storing cooling vests are not readily deployed in the 
field, and power-generation facilities are limited at firefighting scenes. In 
addition, no single countermeasure is likely to be sufficient to reduce the heat 
strain of firefighters. Therefore, more practical and effective cooling 
countermeasures are being sought. In this context, menthol (C10H20O) shows 
potential as a cooling countermeasure for firefighters. One of the major effects 
of menthol when applied to the skin is that it causes a sensation of coolness, 
which is attributed to the stimulation of TRPM8 thermoreceptors (Knowlton 
and McKemy 2011). Ever since Hensel and Zotterman (1951), a battery of 
research on the molecular, cellular, and systemic effects of menthol on 
humans and animals has accumulated. However, a great deal still remains 
unknown about the body region-dependent differences in the effects of 
menthol after its topical application to human skin. Furthermore, little 
information is available about the effects of menthol on individuals wearing 
encapsulating PPE during exercise. To produce a practical cooling 
countermeasure for firefighting, it is necessary to investigate how the effects 
of menthol on the skin are affected by the body region it is applied to and the 
clothing configuration employed.  

METHODS  

Eight Japanese males (age: 20.7 ± 1.4 yrs, height: 170.2 ± 1.9 cm, and body 
mass: 60.1 ± 3.2 kg) underwent a two-stage experiment; i.e., a cutaneous 
thermal threshold test and exercise tests. In the thermal threshold test, one 
male participant’s results were discarded.  
[Experiment 1]: Peripheral warm and cool thresholds were measured in eight 
body regions (the forehead, chest, upper back, ventral forearm, palm, front 
thigh, calf, and dorsal foot) using a thermal stimulator with a Peltier element, 
under two conditions: the control (no menthol application) & 0.8% menthol 
application conditions. Rectal and skin temperatures were monitored during 
the test in a climatic chamber (Ta 28oC and 50%RH; the subjects were placed 
a supine position on a portable net bed and were only wearing shorts). 
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[Experiment 2]: The exercise protocols consisted of a total of six conditions 
at Ta 25oC and 40%RH: In four of the conditions, the subjects wore protective 
firefighting clothing (8.3 kg) (No menthol, PCNO; face & neck menthol, PCFN; 
upper body menthol, PCUB; and whole body menthol application, PCWB), and 
in the other two conditions they wore normal clothing (1.0 kg) (No menthol, 
CNO; upper body menthol, CUP). A placebo solution used in the PCNO and CNO 
was pure water, while the menthol solution used in the PCFN, PCUB, PCWB, 
and CUB was 0.8% l-menthol solution. At 10 min after the application of the 
menthol or placebo spray, a 10 min-rest stabilization period was initiated, 
followed by 30 min-exercise at 6 km hr-1 on a treadmill and 20 min-recovery 
on a stool. Rectal temperature (Tre), skin temperature (Tsk), heart rate (HR), 
total sweat rate (TSR), thermal sensation (4: very hot, 3: hot, 2: warm, 1: 
slightly warm, 0: neither warm nor cool, -1: slightly cool, -2: cool, -3: cold, -4: 
very cold), thermal comfort (3: very comfortable, 2: comfortable, 1: slightly 
comfortable, 0: neither comfortable nor uncomfortable, -1: slightly 
uncomfortable, -2: uncomfortable, -3: very uncomfortable), sweat sensation (-
3: very dry, -2: dry,  -1: a little dry, 0: neither dry nor wet, 1: a little wet, 2: wet, 
3: very wet), thirst sensation (0: not at all, 1: slightly thirsty, 2: thirsty, 3: very 
thirsty), menthol irritation (1: minimal to 7: extreme), and Rated Perceived 
Exertion (RPE) were recorded. 

RESULTS  

[Experiment 1] Menthol application had no significant effect on the warmth 
thresholds, while their cool thresholds were lower after the menthol 
application than during Control, indicating that the menthol solution evoked 
the earlier detection of cool sensations (Fig. 1). In particular, this effect of 
menthol was significant when it was applied to the chest (p<0.05; -0.30 ± 
0.37oC [Menthol] vs. -1.58 ± 1.57oC [Control]) or the calf (p<0.01; -1.20 ± 
1.31oC [Menthol] vs. -2.54 ± 0.96oC [Control]). The inter-threshold zone 
between warm and cool sensations showed a tendency to be narrower after 
menthol application (overall mean: 3.66 ± 1.42oC) than in Control (overall 
mean: 4.19 ± 1.58oC), but the difference was not significant. The effect of 
menthol on the inter-threshold zone was most marked when it was applied to 
the chest (p=0.061). 
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Fig 1. [Experiment 1] Temperature changes from a neutral thermal state required for the 
detection of warm or cool sensations with/without 0.8% menthol solution application. 

 
[Experiment 2] Menthol application to the upper body and whole body 
induced a greater rise in ∆Tre and an earlier increase in Tre during exercise 
(p<0.05), but the cardiovascular burden tended to be reduced by menthol 
application (Table 1). In particular, after exercise wearing the protective 
clothing, recovery heart rate was significantly lower after the menthol 
application than in the placebo condition (PCNO). The total sweat rate after the 
menthol application tended to be reduced, along with a greater rise in ∆Tsk 
during exercise, compared to the placebo conditions. In addition, menthol 
application significantly reduced the psychological burden in terms of thermal 
sensation, thermal comfort, and RPE (Table 1).  

 
Most measurable effects of menthol on physiological and psychological 

responses were found after upper body or whole body application, rather than 
after face & neck application. The beneficial effects of menthol application on 
the cardiovascular burden were more marked in the protective clothing 
conditions than in the normal clothing conditions. On the contrary, the 
beneficial effects of menthol application on the psychological burdens 
associated with thermal sensation, thermal comfort, or sweat sensation were 
more significant when normal clothing was worn than when protective clothing 
was worn.    
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Table 1. [Experiment 2] Cardiovascular, thermoregulatory, and subjective responses after 
menthol or placebo application 

Normal clothing (NC) Firefighters’ protective clothing (PC) ANOVA  
No  

menthol 

(CNO) 

Upper body 

menthol 

(CUP) 

No menthol 

(PCNO) 

Face & neck  

menthol 

(PCFN) 

Upper body  

menthol 

(PCUP) 

Whole body 

menthol 

(PCWB) 

Md clo
e 

Tre (oC)a   37.5±0.2 37.8±0.3 37.5±1.1U,W 37.9±0.2U,W 38.2±0.3 38.5±0.3 * ns 
∆Tre (oC)b 0.0±0.1 0.5±0.3 0.5±0.6w 0.3±1.1 0.9±0.3 1.1±0.3 * * 
Threshold for Tre 
increase (min) 

16.8  
±2.3 

12.9  
±1.7 

14.7  
±1.5U,W 

14.4  
±1.6U,W 

12.6  
±1.5W 

10.8  
±1.2 

* ns 

HRmax (bpm)  111±9 115±24 162±17 150±10 152±15 150±15 † * 
∆HR (bpm) b 30±7 28±7 76±12 73±12 75±16 69±17 ns * 
HRrecovery(bpm)  
at 7-9th 

77±10 79±12 111±18f,w 99±10 103±15 99±17 ns * 

 T
_

sk (oC)a  32.1±0.5 32.5±0.6 35.7±0.3W 35.7±0.3 u,W 36.0±0.5 36.2±0.3 ns * 
∆T

_

sk (oC)b 1.1±0.8 2.2±0.9 2.3±0.4U,W 2.2±0.3 U,W 3.1±0.4 3.3±0.6 * * 
Sweat rate (g/trial) 193±45 173±50 627±235 567±142 567±142 579±202 * * 

Thermal sensation 
C 

2.3±0.7 -0.1±1.5 3.1±0.6w 3.3±0.7 U,W 2.1±1.4 2.1±1.1 * * 

Thermal comfort C -1.1±0.8 -0.4±0.7 -2.3±0.5W -2.1±0.4 W -1.3±1.4 -1.5±0.5 * * 
Sweat sensation C 1.5±0.5 0.6±0.5 2.3±0.7 2.4±0.5 w 2.4±0.5 w 2.0±0.5 † * 
Menthol irritation C 0.3±0.4 1.1±0.5 0.1±0.2F,U,W 0.9±0.8 0.9±0.7 1.1±0.8 * ns 
Thirst sensation C 1.3±0.8 1.1±0.8 1.5±0.8 1.5±0.8 1.4±0.8 1.4±0.7 ns ns 
RPE C 11.0±4.5 11.4±4.4 13.3±5.1W 13.1±5.0 13.0±5.0 12.4±4.9 ns * 

a (mean for last 3 min of exercise session); b (mean for last 3 min of exercise session - mean for 1 min of 
rest session); c (last response during exercise session); d M (Menthol effect according to two way-
ANOVA among CNO, CUP, PCNO, and PCUP); e clo (Clothing effect according to two way-ANOVA among 
CNO, CUP, PCNO, and PCUP); F, U, and W (significant differences at p<0.05 from PCFN, PCUP, and PCWB, 
respectively); f, u, and w (differences at p<0.1 from PCFN, PCUP, and PCWB, respectively); *p<0.05; 
†p<0.1.  
 

CONCLUSION 

This study revealed that the effects of topical menthol application on cool 
sensation are body region-dependent and that menthol has little effect on 
warmth thresholds [Experiment 1]. We also found that the effects of menthol 
application are treated surface area-dependent [Experiment 2]. Most 
measureable effects of menthol application on physiological and 
psychological responses were found after upper body application or whole 
body application, rather than after face & neck application. Applying 0.8% 
menthol, as in the present study, is likely to be detrimental in terms of body 
temperature regulation for strenuous works in hot environments, although it 
also induces cardiovascular and psychological benefits. The cardiovascular 
benefits derived from menthol application during exercise were more marked 
when the participants were wearing encapsulated protective clothing than 
when they were wearing normal clothing. On the other hand, the 
psychological benefits of menthol application were more significant when they 
wore normal clothing than when they wore the encapsulated protective 
clothing. The use of menthol as a cooling countermeasure for firefighters 
should be carefully assigned in accordance with the expected exposure time, 
work intensity, and clothing configuration during firefighting activities.       
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OBJECTIVE EVALUATION OF TEXTILE COMPONENTS USED 
IN FIRE FIGHTERS’ GARMENTS AS RELEVANT TO 

THERMOPHYSIOLOGICAL COMFORT 

Nazia Nawaz, Olga Troynikov 

INTRODUCTION  

Fire-fighters’ thermal protective clothing is primarily designed to provide 
protection from thermal hazards which include exposure to high temperature 
radiant sources, flame impingement, hot liquids and gases, molten 
substances, hot solids and surfaces (Hoschke 1981; Foster J.A. 1995). The 
thermal comfort of clothing is associated with the thermal balance of the 
human body and the thermal responses to its dynamic interactions with the 
clothing and environment systems,  whereas the thermophysiological comfort 
is related to the heat and moisture transport properties of clothing and the way 
that clothing helps to maintain the heat balance of the body during various 
levels of activity (Saville 1999; Li 2001). Protective apparel is an integral part 
of  fire-fighting, but at the same time it  increases physiological strain and 
impair fire-fighter’s working capacity (S. S. Cheungi 2010). Fire-fighting is an 
exhaustive physical task which generates excessive body heat. In addition, an 
extremely hot working environment also results in substantial elevation in 
body core temperature. To reduce that temperature to normal, the body 
perspires in liquid and vapour form. For better control of body temperature to 
keep it at low  level the evaporation of body perspiration is necessary (M. J. 
Pac 2001).  
 
Modern fire-fighters’ protective clothing is a layered assembly which typically 
consists of a flame-resistant outer shell and inner layers. The inner layers are 
generally composed of a moisture barrier and a thermal barrier or liner. When 
firefighter is performing a task in a fire, the heat and perspiration generated 
from the body become trapped inside the protective clothing which may cause 
heat stress problems for the firefighters. Therefore, the system of protective 
clothing ensembles and material layered assemblies must be chosen carefully 
to balance the thermal protection required and the physiological comfort of the 
wearer (Gi. Soo Chung 2005).  
 
In this study the textile components of two Australian firefighters’ protective 
garments (Generation I and Generation IV) were tested, compared and 
evaluated in terms of thermophysiological comfort. These protective garments 
differ in textile components and construction. The Generation IV garment is 
the result of a gradual technical modifications of textile components of the 
Generation I garment due to the emerging of new technical textile materials 
available to garment manufacturers. The protective properties of the 
Generation IV garments are well evaluated. However their comparative 
performance relevant to the thermophysiological comfort has not been 
researched. The aim of this study was to objectively evaluate whether the 
protective garment of Generation IV offers improved thermophysiological 
comfort to Australian firefighters comparing to Generation I garment. 
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MATERIALS AND METHODS  

Experimental Garments: The textile materials and their assemblies form two 
fire-fighters protective garments (Generation I and Generation IV) were used 
for evaluation. Both protective garments consisted of  three-layered textile 
assembly where the  textile compoents of each layer in both Generations 
were different (Table 1). 
Physical parameters, thermal and liquid moisture transfer properties of textile 
components and their assemblies of both garment Generations were acquired 
for the objective evaluation of their thermophysiological comfort.  
 
Fabric physical properties  
Fabric mass per unit area  was calculated as the mean mass per unit area of 
5 specimens (AS 2001). The fabric thickness of fabric samples was measured 
as the distance between the reference plate and parallel presser foot of the 
thickness tester (AS 2001). Fabric density was measured as the number of 
warp yarns and weft yarns per centimeter in accurately measured length of 
fabric were counted along a line at right angles to the warp or weft being 
considered (AS 2001). Fabric air permeability was tested with use of the air 
permeability tester by measuring the air flow rate through fabrics (BS 1990). 
 
Fabric moisture management properties 
For evaluation of fabrics’ moisture management properties Moisture 
Management Tester (MMT) was used according to AATCC Test Method 195–
2009 (AATCC 2009). A series of indices are defined and calculated to 
characterise the liquid moisture management performance of component 
fabrics and materials: top absorption rate (ARt), bottom absorption rate (ARb), 
top max wetted radius (MWRt),  bottom max wetted radius (MWRb),  top 
spreading speed (SSt),  bottom spreading speed (SSb),  accumulative one-
way transport index (AOTI),  and overall moisture management capacity 
(OMMC). The AOTI is the difference of the accumulative moisture content 
between the two surfaces of the fabric (Hu J 2005). The AOTI reflects the 
one-way liquid transport capacity from the top (inner) surface to the bottom 
(outer) surface of the fabric. The OMMC is an index indicating the overall 
capacity of the fabric to manage the transport of liquid moisture, which 
includes three aspects: average moisture absorption rate at the bottom 
surface, one-way liquid transport capacity and maximum moisture spreading 
speed on the bottom surface (Yao B 2006). The fabric is ranked on the basis 
of overall moisture management capacity (OMMC) where the larger the 
OMMC value is, the higher the overall moisture management ability of the 
fabric is. According to AATCC Test Method (AATCC 2009), the indices are 
graded and converted from value to grade based on a five grade scale where 
1 – poor, 2 – fair, 3 – good, 4 – very good, 5 – excellent.  
 
Fabric thermal and water vapour resistance properties  
Fabric thermal and water vapour resistance properties were tested using 
Sweating Guarded Hot Plate (ISO 1993) at the following conditions: the air 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 304 

temperature is at 20 °C, the relative humidity is at 65%, air speed is at  1 m/s. 
The total thermal resistance of the fabric is calculated after the system 
reaches a steady state as:  
                                            

                                              (1) 
Where, 
Rct   is the total thermal resistance of the fabrics plus the boundary air layer 
measured in m2K/W, A is the area of the test section in m2 , Ts is the surface 
temperature of the plate in K, Ta is the temperature of ambient air in K and H 
is the electrical power in W used by the instrument. 
The total water vapour resistance of the fabric is calculated as: 
 
                                                  (2) 
Where,  
Ret is the total vapour resistance resulted from the liquid barrier between hot 
plate and the membrane used for vapour testing, the fabric and the boundary 
air layer, A is the area of specimen test section in m2, Ps is the water vapour 
pressure at plate surface in Pa, Pa is the water vapour pressure of the air in 
Pa, H is the electrical power in Watts used by the instrument. 
 
RESULTS 
Physical and structural properties of textile components of both Generations 
are given in Table 1 
 
Table 1. Physical properties and parameters of experimental textile components.  

Textile 
Assemb
ly 

Textile 
Material 

Des
cripti
on 

 

Mean 
number of 
ends/inch 

Mean 
number of 
picks/inch Mean g/m2 

Mean 
thickness 

(mm) 

Air 
Permeabilit

y 
mm/sec 

Generat
ion I Outer Layer Nomex® IIIA 58 51 204 0.45 58.79 

 Middle Layer E 89 Sontara® 
Membrane N/A N/A 96 0.49 N/A 

 

Inner Lining 

Sontara® (Non- 
woven)quilted to 

Nomex®/ FR 
Viscose 

44 40 276 0.36 82.44 

 Gen I Triple 
Assembly 

Combination of 
above 3 N/A N/A ∑=576 ∑=1.30 N/A 

Generat
ion IV Outer Layer PBI® Matrix 51 44 206 0.40 75.84 

 Middle Layer Gore Crosstech® 
 N/A N/A 250 0.70 N/A 

 Inner Lining Nomex® Insul – 
Tex Runner® 65 64 132 0.28 234.14 

 Gen IV Triple 
Assembly 

Combination of 
above 3 N/A N/A ∑=588 ∑=1.38 N/A 

 
It is clear Table 1 that for both Generations I and IV the outer layer materials 
have similar weight and thickness to each other. Middle layer of Generation I 
is Sontara® quilted to Nomex®/ FR Viscose whereas  in Generation IV it is a 
Gore Crosstech®. Middle layers of both Generations are membranes and 
have  non – woven materials incorporated into their structures.   Gore 
Crosstech® of Generation IV is 62 % heavier  and 30 % thicker than 
Sontara® quilted to Nomex®/ FR Viscose of  Generation I. Inner lining of 
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Generation I is a woven lining quilted to a non-woven material comparatively 
heavier and thicker than inner lining  of Generation IV where it is a plain 
woven fabric. The resultant combination form of Generation IV is negligibly 
(only by 3 – 5 %)  thicker and heavier than that of Generation I.The air 
permeabilty results (Table 1) were not aquaried for middle layers of both 
Generations and for the resultant assemblies due to the presence of 
membranes in the middle layers of both Generations. The inner layer of 
Generation  IV is approxiamtely three times more permeable to air than inner 
layer of Generation I (Table 1). The inner layer of Generation I has a woven 
lining quilted to a non - woven material and, being comparatively thicker than 
inner linning of Genertaion IV, has lower air prmeability. The outer layer of 
Generation IV is also more air permeable than the outer layer of Generation I 
due to its lower fabric density both in warp and weft (Table 1). 
 Table 2.  Thermal, vapour and liquid moisture transfer properties for experimental textile 
components  
Textile 
Assembly Textile Material Mean Rct 

(m²K/W) 
Mean Ret 
(m² Pa/W) 

Mean 
OMMC 

Generation I Outer Layer 0.014 3.099 0.000 
 Middle Layer 0.048 9.169 0.000 
 Inner Lining 0.067 5.697 0.114 
 Gen I Triple 

Assembly 0.203 23.105 0.005 

Generation IV Outer Layer 0.013 3.145 0.000 
 Middle Layer 0.011 4.158 0.093 
 Inner Lining 0.007 2.673 0.098 
 Gen IV Triple 

Assembly 0.053 12.241 0.003 

 
As the outer layers of both Gernerations (I and IV) have similar weight and 
thickness they are, according to results in Table 2, contributing similar thermal 
and vapour  resistance for the resultant assembly. But outer layers of both 
Generations have no liquid transfer capabilities (Table 2) having zero OMMC 
indicating no capability to  transfer skin moisture in liquid form to outside 
atmosphere. The results in Table 2 for middle layer which is heavier and 
thicker for Generation IV than Generation I (Table 1), demostrate that thermal 
and vapour resistance of Sontara® quilted to Nomex®/ FR Viscose is higher 
than Gore Crosstech® even though the Sontara® quilted to Nomex®/ FR 
Viscose  used for Generation I is lighter and thinner than Gore Crosstech®. 
Also in Generation I the middle layer has no capabiltiy to transfer liquid 
mositure but in case of Generation IV it  has been improved very slightly 
(Tabel 2). Middle layer of Generation IV has poor grade of OMMC indicating 
very slight liquid moisture transfer ability from skin to the outside atmosphere 
but in case of Generation I middle layer seems to be water repellent.  Inner 
lining of Generation I shows higher thermal and vapour resistance (Table 2) 
due to its higher thickness and weight than inner lining of Generation IV 
(Table 1). The liquid mositure transfer properties from skin to outside 
atmosphere of inner lining of Generation IV has been improved as compared 
to inner lining of Generation I. Despite the approximately similar weight and 
thickness of both resultant assemblies the material assembly of Generation I 
has higher vapour  and  thermal resistance than Generation IV (Table 2). It 
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could be due to the reason of replacing middle layer and inner layer of 
Generation IV with more advanced Gore Crosstech®, and Nomex® Insul – 
Tex Runner® which are contributing lower thermal and vapour resistance for 
the whole ensemble of Generation IV. The OMMC of Generation I and 
Generation IV in assembly combination form  is approximately similar to each 
other and have the same grades for liquid mositure trnasfer from skin to the 
outer atmosphere (Table 2).  

CONCLUSION 

To improve thermo physiological comfort in Generation I for firefighters some 
modifications were carried out by Australian fire-fighter garment 
manufacturers. In resultant new Generation IV garments the middle layer 
used is a new Gore Crosstech® material instead of Sontara® quilted to 
Nomex®/ FR Viscose as in Generation I. Also in Generation IV the inner layer 
is a plain woven fabric instead of fabric lined with nonwoven fabric. It is clear 
from results and discussion of this study that Generation IV is more capable to 
transfer body heat and moisture in vapour form to outer atmosphere as 
compared to Generation I providing better thermal comfort to the Australian 
firefighters. 
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METHODOLOGY FOR FOOTWEAR THERMAL COMFORT 
IMPROVEMENT 

Boštjan Novak, Matija Jezeršek, Igor Zupan 

Moisture and temperature deviations are important aspects of a footwear 
comfort. A methodology of a footwear development with a particular focus on 
the optimization of thermal comfort is therefore very important. We represent 
a simple and efficient technique, which consists of two phases. In the first 
phase we selected an optimal selection of materials and assembling 
technologies of upper leather and lining materials. The selection was based 
on laboratory evaluation of water vapour permeability of different 
combinations of materials and assemblies. Sample preparation and 
measurements are carried out under standard conditions (ISO 2419 and ISO 
17699). Prototype shoes with those combinations of materials that were in the 
first phase of laboratory tests proved among the best are evaluated in the 
second phase. Relative humidity and temperature are measured in vivo, 
during the wearing of shoes, using portable system Hobo. The temperature 
and humidity sensor are used for comparative measuring of left and right 
shoe. Results show good agreement between the first and second evaluation. 
We can conclude that the sewing of the different materials during assembling 
of the upper is considerably better than gluing with the terms of thermal 
comfort in finished shoe. 

 

 
 

Figure 1: Saple result of measuring Temperature and RH inside shoe during walking (white 
line – left shoe; red line right shoe). 

 
Boštjan Novak, Igor Zupan: Alpina shoefactory, Žiri, Slovenia 

Matija Jezeršek: University of Ljubljana, Faculty of mechanical Engineering, Ljubljana, 
Slovenia  
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REQUIRED CLOTHING INSULATION AND RECOMMENDED 
OUTDOOR WORK EXPOSURE TIME FOR PETROLEUM 

WORKERS IN THE ARCTIC 

Færevik Hilde, Tjønnås Maria Suong, Heen Sigri, Wiggen Øystein Nordrum, & 
Reinertsen Randi Eindsmo  

INTRODUCTION 

The extension of petroleum industry activity towards the north implies that 
workers will be exposed to extremely harsh weather conditions (cold, snow, 
ice, wind) that can lead to fatigue and impaired physical and cognitive 
performance (Palinkas 2001). In combination with the remoteness, darkness 
and shift-work of petroleum workers, this raises levels of stress and heightens 
the risk of accidents. There is concern that the clothing and personal 
protection equipment (PPE) used in arctic climate zones are not adequate to 
provide satisfactory protection to the workers in this harsh environment 
(Barents 2020). Statoil’s export terminal at Melkøya, outside Hammerfest in 
northern Norway is one of very few operational petroleum installations in 
arctic areas today (70°N, 23°E). Every year, polar legislation requires closing 
the installation due to strong winds, high waves and temperatures that lead to 
icing of equipment and machinery. The PPE used by Melkøya’s 2300 
employees must satisfy a number of requirements, including protection 
against unpredictable weather, constantly changing work intensity, safety 
standards, comfort and functionality. Much of the work at the terminal has to 
be done outdoors and involves everything from operations requiring fine 
dexterity to heavy manual tasks. The purpose of this study was therefore to 
determine whether the PPE currently in use at Melkøya is adequate for cold 
protection and work performance. We hypothesized that the protective 
clothing used by petroleum workers at Melkøya today will not satisfy the 
requirements according to the IREQ model when exposed to environmental 
conditions simulating those of the harsh arctic environment. 

METHODS 

Field testing of petroleum industry workers at Melkøya was carried out in 
order to obtain accurate and reliable information about the specific work 
operations required, the protective clothing used and problems with the cold in 
general. Clo values of the PPE in current use were measured with a thermal 
manikin in SINTEF’s work physiology laboratory in Trondheim. The IREQ 
model (ISO 11079) was used to calculate the required clothing insulation and 
recommended exposure time (Dlim) for the current PPE. Three volunteer 
subjects participated in the field test; two maintenance workers and one 
operator. All subjects were informed of the procedures of the experiment and 
written consent to participate was obtained. The subjects met in the 
preparation room in the morning, before they went outdoors to perform their 
ordinary tasks at the installation. Skin temperatures (Tsk) were measured 
using skin thermistors on the chest, lower arm, front thigh, front leg, hand, 
lower back (YSI-400, Yellow Spring Instruments, OH, USA: ±0.15°C). Heart 
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rate (fc) was recorded continuously using a polar sports tester (Polar Electro, 
Kempele, Finland). Subjective evaluations of thermal sensation and comfort 
were made every 20 minutes or as often as practically possible (Nielsen 
1989). Temperature, relative humidity and wind at the Melkøya installation at 
the test day were measured using Testo 735 (Testo AG, Lenzkirch, 
Deutschland). The workers performed outdoor work in two periods of 2.5 - 3 
hours, separated by a one-hour lunch break. A thermal manikin (Lady, PT 
Teknik, Denmark) was used to measure the basic thermal insulation value of 
two clothing concepts (arctic summer and winter clothing). 

 
Fig. 1 Arctic Summer (5°C)                  Arctic Winter (-25°C)  
The arctic summer concept consisted of JanusPro antiflame rib underwear (sweater/trousers), Janus Pro terry 
fleece jacket, Wenaas antiflame jacket and pants, Odin work gloves, Lycra socks (wool, polyamid, elastan), Forma 
work shoes, JanusPro balaclava and Peltor safety helmet. 
The arctic winter concept consisted of JanusPro antiflame rib underwear (sweater/trousers), JanusPro antiflame rib 
polo neck sweater, Janus Pro terry fleece jacket and interlock pants, Wenaas pyrokon  parkacoat and overalls, Odin 
work gloves, Lycra socks (wool, polyamid, elastan), Forma work shoes, Devold balaclava and Peltor safety helmet. 

The IREQ values and recommended duration limited exposure (Dlim) were 
calculated using the ISO-11079 standard. The field study and weather 
information provided reliable input for the IREQ model. Based on the field 
observations, a low metabolic rate (115 W ·m-2) was used, 10 m · sec-1 wind, 
and the insulation values in the summer and winter PPE concepts used at 
Melkøya (air permeability less than 10 l/m2s). 

RESULTS 

The mean air temperature on the test day was -9.1±0.9°C, relative humidity 
was 55±16%, wind 6.6±2,1 m/s (highest was 9 m/s, lowest measure was 4 
m/sec). This is far from the worst weather conditions to be expected at 
Melkøya. According to meteorological data from this area in 2009 (Fruholmen 
Meterological Station), wind was 16.4 (11.0-21.4) m · sec-1 with extreme 
values of 32.3 m/s. Number of 24-hour periods with temperatures lower than 
0°C over a year was 130. Mean fc for subject 1 (maintenance); 94±12 
beats/min, subject 2 (maintenance), 101±13 beats/min and subject 3 
(operator) 91±20 beats/min. This corresponds to a low metabolic rate (about 
115 W ·m-2, ISO 8996). The maintenance work involved mostly light manual 
work requiring fine dexterity skills while standing or kneeling. The operator 
carried out inspections at the installation and also manoeuvring of the lifting 
arm that connects to the specialized ships that carry the liquefied natural gas 
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to terminals in other countries. This work includes long periods of standing still 
in exposed areas when performing tasks that requires optimal manual 
functioning. For the operator the low work intensity was interspersed with a 
short period of high activity (5 min) when climbing the stairs to the top of the 
installation for inspection (fc 170 beats/min).  

Tsk fell at all measurement sites in all subjects (Table 1). Tsk fell in both 
periods (before and after lunch), but in two of the subjects the greatest fall 
was observed after lunch. In all subjects, the greatest fall was observed on 
the cheek and hand, where Tsk skin temperatures below 15°C were observed 
in periods of more than 30 minutes for all three subjects. 

Table 1. Tsk from indoor stable conditions to outdoor work. There were two outdoor working 
periods interspersed by lunch at 1200-1300 hour. The largest drop in skin temperature is 
shown in the table.  

 

All three subjects stated that they were thermally uncomfortable during the 
outdoor working periods. Their sensation of bodily cold was said to be “cold” 
to “very cold” in both periods (before and after lunch). The subjects stated that 
they preferred the ambient temperature to be slightly or much warmer.  

The measured Clo values of the arctic summer clothing concept were 2.49 
Clo and winter clothing 4.27 Clo. The recommended exposure times for these 
two clothing concepts were calculated at different ambient temperatures using 
the IREQ model (Figure 2). The criterion for cessation of exposure used in the 
IREQ model is a drop in Tsk by 3°C, starting at a comfort level at 34 °C 
(Holmer 2009). At lower temperatures only short exposure times to cold are 
recommended, while longer exposure times are achieved at progressively at 
higher temperatures or when the insulation in clothing is increased.  
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Fig. 2 Recommended duration limited exposure (hours) for comfort cooling at light work 
intensity (115 W · m-2), 10 m/sec wind, wearing current petroleum workers PPE for arctic 
summer (2.49 Clo) and winter (4.27 Clo) conditions.   

DISCUSSION 

This study demonstrates that the PPE used by petroleum’s workers at 
Melkøya provides only limited cold protection in Arctic environments. Outdoor 
work operations at Melkøya may well last for more than one hour, and the 
IREQ analysis (Fig. 2) shows that at the lowest ambient temperatures very 
limited time is available to perform necessary tasks before skin temperature 
drops and thermal comfort is reduced. This can have two types of negative 
effects on safety. First, thermal discomfort causes distraction that can have an 
impact on cognitive performance (Hancock et al. 2007). Secondly, the cooling 
of the hands impairs manual performance (Heus et al. 1995). The IREQ 
model is based on whole-body cooling and does not take into account local 
cooling of hands and feet. However, the field results demonstrated that the 
low intensity of the work caused restriction of the blood circulation to the 
periphery and that hand temperatures fell below 15°C for more than 30 
minutes. ISO 11079 suggests that finger temperature should be higher than 
24°C for the maintenance of good hand function; this was not achieved by any 
of our test subjects. Moreover, many tasks in the petroleum industry involve 
touching and gripping cold materials that can result in large falls in the 
temperature of the contact tissue (ISO 13732). The bare skin of the face was 
also highly exposed and temperatures below 10°C on the cheek were 
observed for longer periods. The type of task involved and the duration and 
intensity of outdoor exposure are key variables that influence how thermal 
conditions affect performance (Hancock et al. 2007), and the field study 
supports that the PPE in current use does not provide satisfactory protection 
for optimal performance in the cold.  

CONCLUSION 

Protective clothing in current use by petroleum workers at Melkøya does 
not provide satisfactory protection for optimal performance in the cold.   
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AN EPIDEMIOLOGY OF WORK-RELATED INJURIES TO 
AUSTRALIAN FIREFIGHTERS (1998-2007) 

Nigel A.S. Taylor and Elizabeth A. Taylor 

INTRODUCTION  

Through a retrospective evaluation of injuries to firefighters from 1998 to 
2007 (Taylor & Kerry, 2010), the authors have been able to describe both 
injury rates and age-related injury patterns within an Australian for Fire and 
Rescue organisation. One focus of this work was the possibility that recent 
changes to individual items of personal protective equipment, resulting in an 
increase in the total load carried by firefighters, may have inadvertently 
increased the risk of work-related injuries. 

METHODS  

Firefighters who sustained an injury, or experienced a near-miss event 
during working hours, formally notified the Health and Safety Branch of this 
organisation. Each case is evaluated, and if it was associated with lost work 
time or medical treatment, then full injury details are forwarded to the 
Workers’ Compensation insurer. This insurer maintains an electronic 
database of the details relevant to each injury, and details from this database 
were analysed for a ten-year period: 1998-2007. Data were extracted and 
reported first in absolute values, then normalised to the number of firefighters 
(per 1,000 full-time employees (FTE)), and finally evaluated under four 
general formats: total injuries, annual trends, gender differences and age-
group differences.  

The accuracy of this research was dictated by the decision-making 
processes that occurred with respect to each injury, and then by the precision 
of data entry. Calculations with respect to the number of full-time firefighters 
were based upon data provided by the Fire and Rescue organisation: 3,514 
permanent and 3,390 retained (on-call) firefighters. 

RESULTS  

Within this decade, 7,215 injuries were recorded, of which 6,973 were to 
firefighters (96.6%), with 137 injuries (1.9%) occurring to senior firefighters. 
The remaining injuries (1.5%) did not involve employees, and were not 
included in these analyses. The annual claim finalisation rate for these injuries 
averaged 92%. 

On average, 697 firefighters (17.1% of the full-time workforce) sustained an 
injury each year that necessitated a Workers’ Compensation claim for medical 
treatment or lost work time, and this showed an annual increase of about 50 
injuries over this decade. The vast majority of these injuries (98.2%) were 
reported to have occurred when performing work-related duties. The total lost 
working time was 3,116,473 hours (1,672 years), or 167.2 years per annum. 
Assuming an average working life of 20 years, then eight firefighters were lost 
annually from this job due to injuries. The mean lost time per injury was 446.9 
hours (55.9 days). The total cost of Workers’ Compensation claims for these 
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6,973 injuries was $115,758,030, with the mean claim cost per injury being 
$16,600. However, the true cost of these injuries to this organisation, as 
reflected within annual insurance premiums, can be several-fold larger, 
although this cost has not been included within this report. 

In relative terms, there was an average of 170.5 injuries per 1,000 full-time 
firefighters per annum. This injury rate is almost 50% greater than is found in 
physically demanding trades within Australia (Australian Bureau of Statistics, 
2008). These injuries resulted in 41.4 years of lost work time and cost 
$2,829,682 per annum per 1,000 full-time firefighters. 

Within this Fire and Rescue organisation, 37% of all firefighters are aged 
40-50 years (1,478 males, 37 females), and these individuals accounted for 
38.4% of all injuries. However, there was a significant injury under 
representation by firefighters <30 years, with 9.3% of the individuals suffering 
just 2.4% of all injuries. Conversely, the 50-60-year-olds (20.9% of firefighters) 
experienced 29.3% of these injuries. Indeed, the male injury data are skewed 
towards the older ages. Whilst the mean overall injury rate was 17.1%, the 
injury rate for males >40 years was 21.6% (40-50 years = 17.6%, 50-60 years 
= 23.9%, 60-70 years = 77.1%, >70 years = 40.1%). Therefore, if the injury 
rate of the 30-40-year-old males (11.7%) could be retained as firefighters 
aged, then 237 fewer injuries would occur each year within males >40-years 
old, and the age- and gender-specific Workers’ Compensation cost saving 
would be $5,687,934 per annum.  

The single most common injury type was for joint and muscle strains, and 
sprains. These injuries alone accounted for 65.6% (4,573) of all injuries, and 
increased annually at a rate of 20.0 injuries.y-1. The incurred net cost of these 
injuries was $70,335,693 over this decade, with male firefighters accounting 
for $69,290,798. When these male data were normalised to the number of 
full-time firefighters within each age division, the injury distribution was again 
skewed towards older individuals. This shift indicates a very strong age 
dependency for sprain and strain injuries, and this was linked very powerfully 
to the net costs of injuries.  

Relative to the youngest age division (<30 years), firefighters >40 years of 
age had injury probabilities that ranged from 4-18 times higher. Male 
firefighters >40-years old represented 61% of the workforce, but suffered 75% 
of the sprain and strain injuries, and accounted for approximately 90% of the 
lost work time and Workers’ Compensation costs.  

Four body regions were injured >500 times between 1998-2007, and these 
accounted for 44.0% of all injuries and 50.3% of the total injury costs: 

• lower back: 1,024 injuries (14.7% of all injuries); cost: $18,164,164 
• knee: 939 injuries (13.5% of all injuries); cost: $23,123,949 
• ankle: 562 injuries (8.1% of all injuries); cost: $5,157,262 
• shoulder: 540 injuries (7.7% of all injuries); cost: $11,799,815.  

Knee and shoulder injuries increased linearly over the decade, with respective 
annual increases of 6.6 and 6.5 injuries.y-1. The average costs for these 
injuries were $24,626 (knee) and $21,852 (shoulder), with these two sites 
alone accounting for 30.2% ($34,923,763) of the total injury costs, and 29.6% 
(480.9 years) of the total lost working time. 

From these analyses, there was no evidence within firefighters <40 years 
of age, that personal protective equipment played a causal role with injuries 
over this decade. This is not to suggest that the burden of such equipment did 
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not significantly elevate physiological strain, just that the evidence was not 
consistent with a causal relationship. However, there was very clear evidence 
that older firefighters experienced greater injury rates, and these cost more in 
both time away from work and in Workers’ Compensation costs. It is 
suggested that this trend resulted from a gradual decline in habitual exercise 
behaviours as most firefighters aged. Therefore, it is highly likely, at least 
within older firefighters, that the personal protective equipment might impose 
sufficient stress that it may predispose less fit and less strong individuals to 
greater injury risks within the workplace. 

CONCLUSION 

On the basis of these observations, two injury prevention and minimisation 
strategies are recommended. Firstly, there must be an attempt to halt and 
reverse the annual elevation in injuries, particularly the sprain and strain 
injuries. Secondly, preventing the 237 additional injuries each year within 
firefighters >40 years old, relative to their younger counterparts, must be 
targeted. It is possible that both recommendations can be addressed by 
implementing structured health, fitness and rehabilitation programmes that 
target older male firefighters, but with a specific emphasis upon job-related 
fitness and reversing the physiological changes evident in within ageing 
sedentary, but not necessarily observed within ageing and habitually active 
individuals.  
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WORKING ENVIRONMENT AND ERGONOMIC ANALYSIS IN 
APPAREL INDUSTRY: A FIELD STUDY BULGARIA 

Vachinska Sonya 

INTRODUCTION  

Preservation of employees’ health and prevention from dangers at work are 
a foremost task of every government, employer and employee. During the last 
ten years the number of employers in the Bulgarian apparel industry has 
doubled. The hard work in this sector involves repetitive manual movements, 
seating or standing posture for long periods of time, high speed of movement 
and accelerated rate of production, short time limit of accomplishment, etc. On 
the other hand, the good working conditions and environment facilitate the 
productivity of labour and lower the employee health risk. The purpose of the 
presented study was to investigate the working conditions in the Bulgarian 
clothing enterprises and to assess the conditions and the ergonomics of the 
working environment.  

METHODS  

The study covered fifteen clothing enterprises from different economic 
areas of the country. The expert method of assessment was applied. A 
specially developed for the purpose of study questionnaire was filled in 
(Vachinska 2005) with the questions grouped into four groups: A-
Characterization of the working areas; B-Characterization of the working 
places, movements and postures; C-Characterization of the equipment 
(machines, equipment, instruments and safety precautions); D-
Characterization of some other factors: human, social and associated with 
everyday life, organizational, etc. The assessment is determined by applying 
a five-grade scale from 1 to 5, as follows: 

 

Grade1 – (1,00-1,50) – unsatisfactory; 

Grade 2 – (1,51-2,50) – satisfactory; 

Grade 3 – (2,51-3,50) – good; 

Grade 4 – (3,51-4,50) – very good 

Grade 5 – (4,51-5,00) – excellent. 

 

The assessments of the individual experts were processed as arithmetic 
average values. The average quadratic deviation and the sequence between 
the assessments were calculated. The coefficient of linear irregularity and the 
confidence interval of the arithmetic average were calculated. In the 
confidence interval the appearance of the average value of the general 
aggregate can be anticipated. The coefficients of significance of the individual 
ergonomic indicators were determined and the complex assessment is made 
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by applying the method of weightened average values of the assessments of 
the individual ergonomic indicators.  

RESULTS  

The processing of the results of the study is made by following the steps of 
the methods of assessment of clothing enterprises (Milev & Vachinska 2004). 
The generalization of the performed calculations is illustrated in Table1. For 
illustration purposes the sections of the questionnaire are presented in the 
columns of the table (A, B, C, D) and the enterprises are combined 
horizontally according to the number of the employees in the production.  

Table: 1. Results of the assessment – arithmetic average assessments of all indicators in 
groups and according to the number of the employees  
Number of employees А B C D 
Under 50 employees 3.65±0.47 3.70±0.33 3.32±0.26 3.24±0.25 
51 - 100 employees 3.54±0.53 3.14±1.0 3.30±0.36 3.29±0.28 
101 - 200 employees 4.15±0.53 4.26±0.78 3.79±0.37 3.74±0.51 
201 – 1000 employees 3.96±0.01 3.67±0.02 3.34±0.01 3.82±0.02 

Over 1000 employees 4.32±0.05 4.42±0.17 3.48±0.13 3.80±0.06 

Total 3.90±0.32 3.83±0.46 3.49±0.23 3.53±0.23 
 

As illustrated by the table, the grade of all the investigated clothing 
enterprises is 3 or 4, which stands for good or very good condition of the 
working environment and the ergonomic level. This is indicative of the care 
taken by the employers for the health, comfort and convenience of the 
employees. The value of the general average arithmetic assessment in all 
indicators for all the enterprises is K = 3.69±0.20. According to the five grades 
scale for assessment such value stands for a very good condition. The 
complex assessment according to the method of the weightened average 
values of the assessments of the individual ergonomic indicators is calculated: 
αa = 3.75. It is again in the range of Grade 4 - very good. In order to attain 
Grade 5 - Excellent some improvements and optimizations at each of the 
enterprises should be made. Some principal schemes of ergonomic work at 
specific working places such as fusing press and steam iron are illustrated in 
Figure 1.  
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Figure 1 Principal schemes for operation of steam iron (on the left), fusing press (in the 
middle) and sewing machine (on the right)- vertical view with indication of the zones of hand 
and leg accessibility as well as the angle of normal visibility - 40 degrees  
 

Concrete recommendations for improvement of the working environment as 
well as schemes with suggestions for improvement of the ergonomic level at 
the working places were given to each of the investigated enterprises. More 
clothing enterprises in Bulgaria are becoming aware of the necessity of 
constantly improving the labour conditions and raising the comfort level in the 
working processes as they are directly related to the maintaining of good 
health of employees.  

CONCLUSION  
Our original hypothesis about the bad, uncomfortable and unergonomic 

labour conditions proved to be wrong. There is some other reason for the 
employee fluctuation in the sector which is not the bad working environment in 
the branch. At all the enterprises the necessary care for the employees is 
taken and good and very good conditions of the working environment are 
ensured.  

The ergonomic optimization of the working environment is a factor which 
determines to a large extent the health of the employees, the frequency and 
the duration of the general and professional morbidity rate (Kavaldjieva & co-
authors 2010) which in influences the social and economic results of the 
production.  

The observance of specific norms and the creation of proper labour 
conditions for the employees guarantee working capacity of longer duration, 
lesser sick leaves rate, lower employee fluctuation, better employee 
motivation and better productivity of labour (Vachinska & Tzoneva 2010, 
Vachinska 2011). All this in its turn influences the company’s competitive 
market power and is precondition for attaining positive results in the long term.  
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SELF-PERCEIVED ABSENTEEISM, STRESS, AND 
ENVIRONMENT, AMONG EMPLOYEES OF THE SLOVENIAN 

WOOD INDUSTRY 

Mitja Gerževič, Nina Mohorko, Saša Pišot, Petra Dolenc & Cornelis P. Bogerd 
Contact: mitja.gerzevic@zrs.upr.si 

INTRODUCTION 

Reduction of absenteeism and stress among employees are important 
goals of many policies of western societies. Objective measures of 
physiological parameters are often insufficient in explaining absenteeism (e.g. 
sick-leave). In fact, absenteeism is influenced by health and risk at the 
workplace as well as psychosocial factors (Delfar, 2009). Thus, the objective 
measure of health status is often insufficient to explain sick-leave. 

Absenteeism among employees of the Slovenian wood industry is 
considered being relatively high. Employees in this industry are, e.g., exposed 
to wood dust, which might lead to non-malignant respiratory diseases 
(Jacobsen et al. 2010a,b). Furthermore, regional musculoskeletal symptoms 
are enhanced by the psychosocial work environment (Andersen et al. 2007). 
Thus, physical stressors as well as psychological factors, can contribute to 
health problems and related absenteeism. 

This paper presents a selection of results from an extensive survey. The 
focus of the results presented here are on descriptive statistics of 
absenteeism, stress, and environment. Statistical tests were used in order to 
gain an initial understanding of the differences among production workers, 
middle management, and top management. 

METHODS 

This preliminary study involved 930 participants (61.4% males, and 
38.6% females), employed in one out of seven Slovenian wood factories. 
According to their workplace, the participants were classified into three 
groups: producing workers (n = 597), middle management (n = 243), and top 
management (n = 90). All results for those three groups will be given in this 
order, when not specified otherwise. A questionnaire was developed to cover 
different domains related to absenteeism, stress, and environment (among 
other domains not presented here). All questions were rated in accordance to 
the perception of the participant. In addition, no objective measures were 
included in the present study. While filling out the questionnaire the participant 
based their responses upon the previous year. Most of the questions required 
binary yes/no answers; other questions were answered using a categorical 5-
point scale. The application of the questionnaires was held between 
November 2010 and March 2011. Participants filled out the questionnaire at 
their workplace before the end of the working day. 
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Statistical analysis of differences among the three workplaces was carried 
out with a Kruskal-Wallis test. If the level for significance was reached 
(p < 0.05) a Mann-Whitney test was used for post-hoc comparisons, with a 
Bonferroni corrected p-level. All tests were carried out using SPSS 14.0 or 
19.0 for Windows. 

RESULTS 

Most employees (94.4%) perceived to be never or rarely absent from work; 
with differences among workplace (p < 0.001). For example, the percentages 
of responses summed for never and rarely being absent from work were, 
53.2%, 78.4%, and 91.1%, for production, middles management and top 
management, respectively. Post-hoc analysis indicated differences among all 
three groups (p ≤ 0.01). For the reported number of days missed from work, 
middle management and top management were undistinguishable but 
different from production workers (p < 0.001). The largest differences 
appeared for never being absent 49.7% and 71.0% for production workers 
and both levels of management combined, respectively; and absenteeism of 
14-30 days of 11.9% and 2.7%, respectively. Table 1 gives details the 
obtained self-perceived absenteeism. 

 
Table 1: Self-perceived absenteeism 

 Workplaces 
Level of 
Absence Processing 

Middle 
Management 

Top 
Management 

never 49.7% 71.2% 70.9% 
Up to 14 days 28.5% 21.9% 23.3% 
14-30 days 11.9% 4.1% 1.2% 
1-2 months 5.5% 0.9% 2.3% 
> 2 months 4.4% 1.8% 2.3% 

The most frequently given reasons for the absenteeism among all 
employees were respiratory diseases (42.7%), muscular-skeletal diseases 
(16.4%), and care for a family member (18.3%). The largest differences 
among the workplaces were observed for respiratory diseases (16.0%, 6.9%, 
0%), pregnancy and maternity leave (1.8%, 4.6%, 0%), and skin diseases 
(2.2%, 0%, 3.4%). 

Differences among the three groups were found for stress (p < 0.001). Top 
management responded with 90% with the two response categories indicating 
the highest levels of stress, with 57.2% and 70.3% for production workers and 
middle management, respectively. 

The evaluated environmental factors are given in Table 2. The largest 
relative differences were observed for the following statements related to the 
workplace; dirty, too humid, exposure to chemicals, and too dusty. Employers 
in wood production agreed substantially more often with these statements. 
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Comfort of the working posture as a result of the location of working tools 
was also evaluated. The responses given by middle and top management 
were undistinguishable, but both differed from production workers (p ≤ 0.001). 
The latter were less satisfied with the comfort provided by their working 
posture. 

 
Table 2. Percentage of participants agreeing with the statements given below. 

 Workplaces 

Statement 
Production 

workers 
Middle 

Management 
Top 

Management 
Too dark 35.1% 19.4% 19.2% 
Too noisy 70.8% 31.4% 28.4% 
Too humid 26.0% 8.4% 7.0% 
Too dry air 53.0% 32.3% 27.8% 
Exposed to chemicals 47.8% 16.6% 17.8% 
Too dusty 75.9% 28.0% 27.0% 
Too hot 53.6% 26.5% 32.8% 
Fluctuations in temp. 90.4% 57.9% 59.7% 
Dirty 72.0% 19.6% 22.2% 

 

The body regions to which most injuries occurred were evaluated. Lower 
back pain and neck pain were occurring most often with 44.0% and 39.3%, 
respectively, for all groups combined. The largest relative differences were 
observed for injuries to the elbows, hips, and wrists, with production workers 
showing substantially higher incidences. 

Finally, the production workers reported to lift, carry, or push weight 
substantially more than the middle and top management. For the former 
production workers the response percentages were 85.9%, 81.5%, and 
76.5%, respectively. Whereas for the middle and top management combined 
the response percentages were 18.2%, 15.9%, and 16.4%, respectively. 

DISCUSSION/CONCLUSIONS 

The results suggest there are differences among wood production workers, 
middle management and top management. The absenteeism proved to be the 
highest among wood production employees, confirming the rationale of this 
study. Reasons given for absenteeism were respiratory diseases, muscular-
skeletal diseases, and care for a family member. Interestingly, the workplaces 
were perceived as too humid, too dusty as well as exposing the workers to 
chemicals. These physical environmental parameters might be related to 
respiratory complains. Also other found dust in the wood industry to be a 
potential factor related to absenteeism (Jacobsen et al. 2010a,b). Further 
analysis will focus on understanding underlying mechanisms of absenteeism, 
stress and the environment for the present population. 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 324 

A first attempt towards understanding which of the parameters assessed 
were important for the level of stress experienced at the workplace was 
carried out. For this purpose a forward step-wise logistic regression analysis 
was used. Such analysis evaluates the predictive value of each measured 
parameter with stress level as the parameter to be predicted. The models 
created in this procedure only explained very little of the variance in stress 
level, reflected in McFadden r2 values of the order of 0.1 (McFadden r2 is 
comparable to Pearson's r2 for linear regressions). The weakness of these 
models, which is at least partly explained by the nature of the data-set, 
prevents us from drawing conclusions concerning the importance of the 
parameters in the data-set with respect to experienced stress level. This 
indicates the difficulty in statistically deriving systematics from surveys. 

The present results provide an initial understanding of the large variety of 
factors related to work absenteeism in the Slovenian wood industry. These 
results will provide a basis for the future interventions aimed at improving the 
working conditions of employees in the wood industry. 
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EVALUATION OF HEAT STRESS IN PORTUGUESE 
INDUSTRIAL UNITS 

A. Virgílio M. Oliveira, Adélio R. Gaspar, Divo A. Quintela 

INTRODUCTION  

The characterization of working conditions associated with the exposure to 
heat was the main objective of the present work. The field measurements of 
the thermal environment took place in twenty-three workplaces of twelve 
companies from eight different industrial sectors. 

For the assessment of the thermal stress, the methodologies based on the 
determination of the WBGT and SR indices proposed by ISO 7243 (1989) and 
ISO 7933 (1989) have been adopted. The results confirmed the existence of 
extreme thermal environments with working conditions beyond the limits 
suggested by the WBGT and SR indices which justifies deep changes in the 
work routines. 

The absence of systematic studies in this field motivate the authors to 
make efforts to obtain a first sample of the actual working conditions in order 
to characterize the Portuguese reality according to the mentioned 
international standards. 

METHODS 

In order to carry out a detailed analysis of the thermal environment the 
measurement of physical parameters such as the air temperature, the relative 
humidity, the air velocity and the mean radiant temperature is necessary. In 
addition, to evaluate the effect on humans it is also required to take into 
account individual parameters such as the thermal insulation of clothing and 
the activity level. The measurement of the physical parameters was done 
according to ISO 7726 (1998) requirements. The activity level, M, was 
estimated according to ISO 8996 (1990) and the intrinsic thermal insulation of 
clothing, Icl, was estimated following ISO 9920 (2007). 

The environmental parameters are often weighted in the form of simple 
empirical indices when the thermal stress is evaluated in average terms. More 
elaborated models are needed whenever detailed studies are aimed. A simple 
index to evaluate heat stress commonly used in industry is the WBGT index 
(wet bulb globe temperature), according to ISO 7243 (1989). Its evaluation 
criteria is based upon hourly averages, thus leading to an average estimate of 
the heat stress to which the worker is exposed during a representative period 
of the working activities. 

When the measured values exceed the reference value the heat stress at 
the workplace must be reduced by appropriate methods, namely through 
control of the work environment, of the metabolic rate of the workers, of the 
length of the time spent in the workplace and by using individual protective 
equipment.  

For the analysis of those situations with extreme heat exposures, more 
elaborated indices are required, such as the Required Sweat Rate (SR), 
described in ISO 7933 (1989). Based on the heat balance and the thermo-
regulatory mechanisms of the human body, this index is considered as one of 
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the most detailed and extensive methods of assessing thermal stress. For this 
reason it is only recommended in more complex evaluations of working 
conditions. In this study, the SR index was used as a complement, in 
situations where the measured WBGT values were considered too high.  

RESULTS 

Figure 1 presents the weighted values of the WBGT index, measured 
in the workplace with the most adverse thermal environment in each of the 
companies visited. The blue solid line connects the reference values 
proposed by ISO 7243 (1989). The thermal stress situations are thus clearly 
stated. 

 

 
Fig 1. WBGT values obtained in each industrial unit.  

Figure 1 shows the glass industry and ceramic 1 with maximum values of 
WBGT above 45 °C. The differences between the ceramic industries are 
mostly related to the more or less advanced technologies that are used 
(varying from a Hoffman to tunnel kilns). Also worth mentioning is the foundry 
industry with WBGT exceeding 30 °C and the graphic industry where the 
lowest values were recorded. 

In the case of the glass industry, the job located in the manufacturing area 
(ZF) was the one with the highest weighted WBGT value (37,5 ºC). Despite 
these conditions, the worker must remain in this place the entire working shift 
without any rest period. Another workplace that comprises four separate 
locations was considered. These locations were analyzed together because it 
is the same person who performs the different tasks. The most severe thermal 
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environment was near the burners (JQ), with a WBGT value of 47,5 ºC and a 
black globe temperature that reached 102,3 °C at the head level. 

The three situations with the higher WBGT values were also analyzed with 
the SR index. Table 2 shows the results obtained with the Required Sweat 
Rate Index in those workplaces.  

 
Table 2. Results of the SR index considering the “alarm” criteria and acclimatized workers. 

 
 

In the manufacturing area (ZF) of the glass industry, as the required 
evaporative rate (Ereq) is higher than the predicted (Ep), there is a heat storage 
that is responsible for an excessive increase in core temperature after 48 
minutes of exposure. A reasonable rest period must be ensured in order to 
guarantee that the work/rest routine does not cause any limitation to the 
duration of work. If the analysis carried out with the WBGT index is 
considered, a rest period of 26 minutes per hour is recommended.  

In the other workplace of the glass industry, the worker also has Ereq  > Ep 
but in this case the water losses are crucial in relation to the rate of heat 
storage. The rate of sweating causes excessive water loss after 5 hours, so 
no further exposure should be permitted after this time.  

In the ceramic industry, the workplace close to the Hoffman kiln shows a 
scenario that is similar to that measured in the manufacturing area of the 
glass industry. As the difference Ereq – Ep is higher than the previous situation, 
the excessive increase in core temperature arises after 26 minutes. As the 
time exposure limit is less than 30 minutes, beyond the need of the rest 
period, an individual medical surveillance is required. 

CONCLUSION 

The development of the present study on the assessment of 
occupational thermal environments was based on the methods proposed by 
ISO 7243 and 7933 for the characterization of high levels of heat exposure. 
The results demonstrate the existence of extreme thermal environments and 
allowed a first description of the Portuguese situation in terms of working 
conditions in the heat. 

The glass, ceramic and foundry industries have shown the most severe 
working conditions. In these industries, several activities have been detected 
with people working under heat stress. In some of them the calculated resting 
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periods are too long and difficult to apply in practice. In such situations, further 
analysis and improvements from an occupational safety and health point of 
view should be carefully addressed.  
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A SURVEY ON THE PERSONAL PROTECTIVE EQUIPMENT  
AND MOBILITY OF JAPANESE FIREFIGHTERS 

Su-Young Son, Joo-Young Lee, & Yutaka Tochihara  

INTRODUCTION  

In response to the unpredictable nature of disasters, the operations of 
firefighters have become more diverse. Therefore, personal protective 
equipment (PPE) is necessary to protect firefighters from various occupational 
hazards. In this regard, it is necessary to assess firefighters’ current PPE in 
terms of its safety and the wearer mobility. Many studies have reported that 
firefighters were subjected to physiological strain when they performed 
simulated firefighting activities wearing PPE in hot and humid environments 
(Chou et al., 2008; Griefahn et al., 2003; Smith et al., 1997). However, 
relatively few studies have investigated wearer mobility or dissatisfaction 
during the wearing of PPE in firefighting activities. There are several 
international standards for evaluating firefighters’ PPE. These standards 
describe that firefighters’ PPE should have heat, flame, and water resistant 
properties (ISO 11613, 1999; prEN 469, 2002). However, there is no 
Japanese standard for assessing firefighters’ mobility. Furthermore, no test 
method for assessing the mobility of a subject wearing PPE has been 
established. Without a standard method, the comparison of results obtained 
from different research groups may lead to inaccurate interpretations. As 
such, the development of a standard method for assessing the physical strain 
and mobility of PPE-wearers is required. As a first step to developing such a 
standard test method, it is necessary to collect basic information on the 
performance and mobility of firefighters during firefighting, which could be 
impaired by heavy PPE. The purpose of the present study was to assess the 
mobility and satisfaction of firefighters with their current PPE during firefighting 
activities.  
METHODS  

[Construction of questionnaire]: The questionnaire consisted of four 
sections:  1) General information including anthropometric data, firefighting 
work history, and PPE configurations; 2) Information about mobility and the 
physical burden suffered during actual firefighting, which included questions 
about the total time spent at each incident, postures/tasks causing muscle 
fatigue, body regions that suffer muscle fatigue, and the effects of wet-PPE 
and self-contained breathing apparatus (SCBA) on muscle fatigue/mobility 
(Multiple choice); 3) Satisfaction/dissatisfaction with the PPE and the mobility 
it allows (the firefighters expressed their satisfaction/dissatisfaction about their 
mobility and the physical burdens imposed on them while wearing PPE using 
5-point Likert scales); and 4) Suggestions for improving the wearer mobility 
and comfort of the PPE (Open questions). Ahead of undertaking this survey, 
the validity of the questionnaire was examined by having it pre-reviewed by 
selected firefighters from two major cities, Japan. 
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[Data collection and analysis]: The questionnaire was distributed to 
professional firefighters working in two departments in September and 
October 2010. From the collected questionnaires, a total of 1,282 subjects 
were subjected to the data analysis (525 City A; 757 City B). The City A- 
firefighters’ PPE was characterized by an aluminized type PPE, while the City 
B-firefighters wore the standard type PPE, as shown in Figure 1. The 
firefighters were asked to fill out the questionnaire based on their ordinary 
firefighting experiences. The differences between the City A and B-firefighters, 
or among categories were examined using the chi-square test. Statistical 
significance was set at p<0.05. 

 
Fig 1. PPE worn by firefighters’ from City A (left) and City B (Right). 

 

RESULTS  

The anthropometric data of two cities are summarized in Table 1. The age 
of the firefighters was significantly different between the two groups (p<0.001).  

 

Table 1. Anthropometric data of the firefighters from two cities 

  Age (yrs) Height (cm) Weight (kg) BMI 
Mean 42.9 171.8 70.3 23.8 

SD 12.3 4.7 8.1 2.6 City A 
(n=525) 

N 525 525 525 525 
Mean 36.7 171.4 68.4 23.3 

SD 11.7 5.4 7.5 2.1 City B 
(n=757) 

N 757 755 755 755 
 
The body region in which muscle fatigue was most frequent was the waist 

for both the City A and B-firefighters (p<0.05). Regarding the toughest 
firefighting activity, the City A-firefighters experienced the greatest muscle 
fatigue and physical strain when ‘stair climbing’ (22.2%), followed by ‘carrying 
a heavy object or person’ (19.0%) (Fig. 2). For the City B-firefighters, ‘drawing 
up a hose filled with water’ (19.9%) was ranked as the toughest task, and 
‘stair climbing’ (19.4%)’ was ranked second.  
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Fig 2. Firefighting tasks that caused muscle fatigue and physical strain (A maximum of three 
possible choices were allowed). 

 
Regarding the body region that was most restricted by the PPE during 

firefighting, the knees was ranked highest (15.1%), followed by the arms 
(12.7%), shoulders (12.6%), and elbows (9.9%) for the City A-firefighters (Fig. 
3-Left). For the City B-firefighters, the knee (16.2%) was also ranked highest, 
followed by the buttocks and thighs (14.7%), shoulders (12.6%), and elbows 
(8.6%) in that order (Fig. 3-Right).  

 
Fig 3. The body regions that were most restricted by the PPE and the most restrictive parts of 
the PPE during firefighting (A maximum of three possible choices was allowed). 

There was a clear difference between the PPE regulations of the two cities. 
The City A-firefighters were allowed to wear suspenders in the field, whereas 
the City B-firefighters were banned from wearing suspenders during 
firefighting activities. These regulations were reflected in the responses on 
wearer mobility. Regarding countermeasures that would improve wearer 
mobility, 25.6% of all the responses from the City A-firefighters suggested the 
use of suspenders, as shown in Figure 4. Instead, the City B-firefighters 
answered that ‘wearing PPE that fits well’ was the best countermeasure for 
improving wearer mobility.  
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Fig 4. Countermeasures that would improve the mobility of firefighters wearing PPE (Multiple 
choices were allowed). 

CONCLUSION 

The present survey revealed that firefighters’ wearer mobility was restricted 
by the wearing of heavy PPE during firefighting activities. Body region-
dependent differences were found in the restricted mobility and muscle fatigue 
imposed by the PPE during firefighting. These differences were relevant to 
various firefighting tasks. The different regulations on PPE between cities led 
to different countermeasures being suggested to improve wearer mobility and 
alleviate the physical burden imposed on firefighters. The present survey 
could provide a standard method for assessing the wearer mobility of 
firefighter PPE and the physical burden imposed on firefighters.  
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AN EASY-TO-FOLLOW ERGONOMIC METHOD IN WMSDS 
PREVENTION WITH A CASE STUDY IN CHEMICAL COMPANY 

Hsin-Hung Tu, Yi-Tsong Pan 

INTRODUCTION  

Work-related musculoskeletal disorders (WMSDs) are a serious 
occupational safety and hygiene problem in industrial countries (Liang 2003). 
WMSDs increase worker’s fatigue and the harm in worker’s health, and 
decrease the effectiveness and the quality in production, that would be 
against both the labor and the capital. For the benefit of both, WMSDs must 
be decreased or eliminated. Five most-common-agreed major factors 
recognized include over-exertion, repetitive motion, vibration, unfavorable 
temperature, and awkward working posture (Lee 1999). To decrease or 
eliminate these five factors, many institutes or researchers are using 
ergonomic techniques to intervene the workplaces (Marras and Karwowski 
2006). In Taiwan, a lot of efforts had been done on WMSDs prevention by the 
Institute of Occupational Safety and Health (IOSH). A 3D anthropometric 
database of labors in Taiwan was established (Chang et al. 2005). Based on 
this database, a booklet entitled “Collection of Ergonomic Working Postures” 
(Chang et al. 2007) was compiled and used in developing toward an easy-to-
follow ergonomic method in attempt to help the on-site safety and hygiene 
staff for improving the workplaces. The purpose of this study is to 
demonstrate an easy-to-follow ergonomic method for WMSDs prevention via 
the improvement of three workplaces in a chemical company. 

METHODS  

Three elements were consisted in this method: a quick reference for 
working posture and workplace design, an evaluation tool for working posture, 
and a self-evaluation tool for worker’s subjective feeling.  

The booklet-“Collection of Ergonomical Working Postures”-was used as a 
quick reference for the on-site safety and hygiene staff in improvement of 
working posture and workplace. 100 different workplaces were collected with 
recommended measurements and layout conforming to ergonomic principles. 
In each workplace, a 3D human model of standard height in Taiwan with 
proper working posture was set in as worker, as in Fig.1. 

Key Indicators Method (KIM), recognized by EU-OSHA, was used as 
evaluation tool for working posture in this study. There are three steps in KIM 
manual handling tasks assessment: the first step is to determine the time 
rating point by frequency (time). The second step is to determine the rating 
points of load, posture and working conditions. The final step is to evaluate 
the task by calculating the activity-related risk score with summation of the 
rating points of three key indicators and multiplication with the time rating 
point. Base on the range of risk scores, the risk level was determined and 
some design needs and approaches are suggested. In this study, the KIM 
was used to evaluate the workplaces in both before-improved and after-
improved conditions.  
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A revision of Nordic Musculoskeletal Questionnaire (NMQ), illustrated as 
Fig. 2, was used in this study to evaluate the worker’s subjective ratings of 
his/her musculoskeletal pain and related activity prevention in after-improved 
workplace (Kaewboonchoo et al. 1998). The worker had to rate 10 regions of 
his/her body, including a total and 9 body regions (. Each region was rated 
subjectively by the worker in one of three statuses (better, the same, or 
worse). And finally, the worker rated an overall feeling on all his/her body in 
five statuses (very satisfied, satisfied, no effect, not good, worse). 

  
Fig.1 A sample page of the “Collection of Ergonomical Working Postures”: The illustration in 
the atlas is in Chinese. 

 

  
Fig.2 An illustration of a revision NMQ used in this study, which quantifies musculoskeletal 
pain and activity prevention in 9 body regions. 
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RESULTS  

Three workstations with different tasks in a chemical factory were improved 
and described as follows.  

In the trimming task, as shown in Fig.3, a worker trimmed the ragged edge 
of the product item on a desk in a sitting posture. The worker bent forward her 
upper body to near the product item on the desk. She processed each item in 
4 minutes, that is, 120 items one working day. The product item weight less 
than 1 kilogram. After improvement, as shown in Fig. 3, the worker bent less 
her upper body. The risk score of this task changed from 20 to 12, and the 
risk range stays in level 2, as shown in Table 1. The worker’s subjective rating 
of total body is “very satisfied”. The process time of each item in the trimming 
task decrease from 4 minutes to 3 minutes, which means the efficient of the 
worker increased about 25%. 

   
(a)    (b)     (c) 
Fig.3 Trimming task (a) the workplace before improvement (b) a improving reference in 
“Collection of Ergonomical Working Postures” atlas (c) the workplace after improvement 
 
Table 1 The KIM evaluation of three tasks in chemical company 

Task Status
* 

Time 
rating 
point 

Load 
rating 
point 

Posture 
rating 
point 

Working 
conditions 

Risk 
score 

Risk 
level 

Before 4 1 4 0 20 2 Trimming task After 4 1 2 0 12 2 
Before 4 1 4 0 20 2 Plastic cleaning task After 4 1 2 0 12 2 
Before 6 1 4 0 30 3 Razor-assemble task After 6 1 1 0 12 2 

* “Before”: before-improved; “After”: after-improved 
In the plastic cleaning task, as shown in Fig. 4, a worker cleaned the 

residuals of thermosetting plastic on a steel cylinder with a hammer weighting 
about 5 kilograms in a standing posture. The worker bent his upper body 
slightly to see the residuals on the cylinder, and knock the residuals off with 
waving the hammer about 40~50 times in each cleaning task. It took about 25 
minutes to clean a cylinder, and 4 cylinders had to be cleaned one day. After 
improvement, as shown in Fig. 4, the worker could do this task without 
bending his upper body, and the risk of WMSDs could be decreased. The risk 
score of this task changed from 12 to 8, and the risk range decreased from 
level 2 to level 1, as shown in Table 1. The worker’s subjective rating of total 
body is “very satisfied”. The process time of each cylinder in the cleaning task 
decreased from 25 minutes to 20 minutes, which means the efficient of the 
worker increased about 20%. 
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(a)   (b)     (c) 
Fig. 4 Plastic cleaning task (a) the workplace before improvement (b) a improving reference 
in “Collection of Ergonomical Working Postures” atlas (c) the workplace after improvement 

In the razor-assemble task, as shown in Fig. 5, a worker had to assemble 
and dissemble 22 razor blades of a cylinder in a squatting posture. Each razor 
blade weights less than 1 kilogram, and the worker had to assemble and 
dissemble the blades 7 times in a working day, that is, 308 times one working 
day. The worker had to clean the razors before assembling it onto the 
cylinder, and each cycle of assemble took about 30 minutes. The dissembling 
cycle takes about 15 minutes each. After improvement, as shown in Fig. 5, 
the worker could use a normal standing posture to assemble and dissemble 
the razor blades, and the risk of WMSDs could be decreased. The risk score 
of this task changed from 30 to12, and the risk range decreased from level 3 
to level 2, as shown in Table 2. The worker’s subjective rating of total body is 
“very satisfied”. The process time of assembling cycle decreased from 30 
minutes to 20 minutes, and the dissembling cycle from 15 minutes to 13 
minutes, which means the efficient of the worker totally increased about 27%. 

         
(a)   (b)     (c) 

Fig. 5 Razor-assemble task (a) the workplace before improvement (b) a improving reference 
in “Collection of Ergonomical Working Postures” atlas (c) the workplace after improvement 

CONCLUSION 

The easy-to-follow ergonomic method developed was the mid-term results 
of the on-going project for WMSDs prevention. The results showed that this 
method is easy to follow and effective to improve the workplaces. This method 
could also be applied to improve workplaces in other companies. Three tasks 
improved in this study could be categorized essentially into sitting, standing, 
and squatting posture in terms of worker’s original working posture. Engineers 
who try to improve the workplaces in his company could recognize the 
worker’s working posture in the workplace and improve it with the method in 
this study correspondingly. 
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ASSESSMENT OF URBAN OUTDOOR THERMAL COMFORT 
BY THE UNIVERSAL THERMAL CLIMATE INDEX UTCI 

Peter Bröde, Eduardo L. Krüger & Francine A. Rossi  

INTRODUCTION  

Within the recently completed European COST Action 730, the Universal 
Thermal Climate Index (UTCI) was made available as operational procedure 
for assessing the outdoor thermal environment in the core fields of human 
biometeorology (Bröde et al. 2010). The aim of UTCI was to characterize the 
thermal stress defined by the combined influence of air temperature, radiation, 
humidity and wind on an equivalent temperature scale (Bröde et al. 2009). 
The simulated dynamic response of an integrated thermo-physiological and 
behavioral clothing model was used to derive this scale and to establish UTCI 
threshold values defining different categories of thermal stress (Fig. 1). 

This study applied UTCI to analyze urban thermal comfort data from a 
survey on pedestrians in Curitiba, South Brazil (Krüger et al. 2010). The focus 
was on choosing the relevant reference category for urban thermal comfort 
research: (i) the ‘no thermal stress’ category with 9 °C ≤ UTCI ≤ 26 °C or (ii) 
the sub interval 18 °C ≤ UTCI ≤ 26 °C. The latter had been shown (Bröde et 
al. 2010) to comply with the definition of the ‘Thermal Comfort Zone’ (TCZ) by 
the Glossary of Terms for Thermal Physiology (2003): ‘The range of ambient 
temperatures, associated with specified mean radiant temperature, humidity, 
and air movement, within which a human in specified clothing expresses 
indifference to the thermal environment for an indefinite period’. 

 
Fig 1. Concept of UTCI as categorized equivalent temperature scale derived from the 
dynamic response of a thermophysiological model coupled with a behavioral clothing model. 
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METHODS  

In structured interviews (Krüger et al. 2010), passers-by on a pedestrian 
street in Curitiba provided information on their weight, height, age and gender, 
on their clothing as well as on their thermal sensation, affective evaluation, 
thermal preference and thermal tolerance using standardized scales (ISO 
10551 1995). Measurements of air temperature, mean radiant temperature, 
relative humidity and wind speed were performed in parallel to the interviews 
and were used to calculate actual UTCI values (Bröde et al. 2009).  

The statistical significance of the association between the votes on the 7-
point scale of thermal sensation (from -3:’cold’ over 0:’neutral’ to +3:’hot’) and 
on the 4-point scale of affective evaluation (0:’comfortable’, 1:’slightly 
uncomfortable’, 2:’uncomfortable’, 3:’very uncomfortable’) was assessed by 
Fisher’s Exact Test (Mehta & Patel 1983). Further, the respondents were 
classified into three ordered categories of thermal comfort based on their 
votes on thermal sensation and affective evaluation (cf. Table 1): (1) ‘cold 
discomfort’ (sensation<0 & evaluation>0), (2) ‘comfortable / neutral’ 
(sensation=0 or evaluation=0), (3) ‘warm discomfort’ (sensation>0 & 
evaluation>0). Predicted probabilities for those ordered three categories of 
thermal comfort with UTCI as explanatory variable were determined by fitting 
an ordinal logistic regression model (Harrell 2001). 

RESULTS  

The contingency table (Table 1) showed a highly significant association 
between thermal sensation and affective evaluation (Fisher’s Exact Test 
p<0.001). From 1685 interviewees, 1210 persons voted ‘neutral’ on the 
sensation scale or ‘comfortable’ on the affective scale with more than one 
third feeling both neutral and comfortable (Table 1). 188 persons were 
classified into the ‘cold discomfort’ group, and 287 showed ‘warm discomfort’. 
Table 1. Contingency table with frequencies and percentages (grey) observed for categories 
of thermal sensation (sl.=’slightly’) and affective evaluation. Colored cells indicate neutral or 
comfortable values (green), cold discomfort (blue), and warm discomfort (red), respectively. 

Affective Evaluation Thermal Sensation Frequency 
Percentage 

 -3 
cold 

-2 
cool 

-1 
sl. cool 

0 
neutral 

1 
sl. warm 

2 
warm 

3 
hot Total 

comfortable: 0 1 
0.06 

34 
2.02 

173 
10.27 

597 
35.43 

229 
13.59 

74 
4.39 

9 
0.53 

1117 
66.29 

sl. uncomfortable: 1 8 
0.47 

42 
2.49 

103 
6.11 

87 
5.16 

109 
6.47 

86 
5.10 

30 
1.78 

465 
27.60 

uncomfortable: 2 9 
0.53 

11 
0.65 

10 
0.59 

6 
0.36 

7 
0.42 

27 
1.60 

20 
1.19 

90 
5.34 

very uncomfortable: 
3 

0 
0.00 

3 
0.18 

2 
0.12 

0 
0.00 

1 
0.06 

1 
0.06 

6 
0.36 

13 
0.77 

Total 18 
1.07 

90 
5.34 

288 
17.09 

690 
40.95 

346 
20.53 

188 
11.16 

65 
3.86 

1685 
100.00 

 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 340 

 
Fig 2. Probabilities of the individual categories of thermal comfort predicted by ordinal logistic 
regression analysis with UTCI as explanatory variable. Also shown are the boundaries of the 
thermal stress categories from the UTCI assessment scale and the sub range of UTCI values 
compliant to the definition of the ‘Thermal Comfort Zone’ (TCZ) by the Glossary of Terms for 
Thermal Physiology (2003). 

Diagnostic tests on the goodness-of-fit of the ordinal logistic regression 
model confirmed that the proportional odds assumption underlying the model 
was tenable (1-df chi-square=0.07, p=0.80), that the influence of the 
explanatory variable UTCI was highly significant (p<0.001), and that the 
predictive ability of the model was reasonable as indicated by the value of 
0.780 of the concordance index c of rank correlation. 

As expected, the regression model predicted higher probabilities of cold 
discomfort for decreasing UTCI values as well as higher probabilities of warm 
discomfort with increasing UTCI (Fig. 2). Considering the probability curves 
for the individual categories of thermal comfort in relation to the UTCI 
assessment scale (cf. Fig. 1) revealed that the ‘Thermal Comfort Zone’ (TCZ) 
was a better descriptor of the region with comfortable or neutral sensations 
than the ‘no thermal stress’ category, since the probability for comfort was 
about 80% in the TCZ range, and the probabilities for both cold and warm 
discomfort stayed below 20% (Fig. 2).  

CONCLUSION 

The results suggest that UTCI may provide for useful predictions of outdoor 
thermal comfort summarizing the influence of air temperature, wind, humidity 
and radiation in sub-tropical urban areas. Though there was only little 
evidence advocating for a re-calibration of the UTCI assessment scale by 
adapting the threshold values between the different thermal stress categories, 
the sub range describing the ‘Thermal Comfort Zone’ may be considered as a 
preferable reference category in urban thermal comfort analyses compared to 
the wider ‘no thermal stress’ range. The semantic labels applied to the heat 
and cold stress categories require further validation using data from surveys 
and from epidemiological studies. 
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ASSESSING HUMAN PHYSIOLOGICAL HEAT STRAIN BY 
CLIMATIC INDICES OF DIFFERENT COMPLEXITY 

Bernhard Kampmann, Peter Bröde & Dusan Fiala 

INTRODUCTION  

Human physiological strain in hot climates usually is assessed by means of 
climatic indices of different complexity as the Wet-Bulb-Globe-Temperature 
(WBGT, ISO 7243) or the ‘Predicted Heat Strain’ (PHS, ISO 7933) based on a 
two-node-model (core-shell) of thermoregulation. Recent developments use 
complex models of thermoregulation with several hundred nodes. An example 
is the UTCI-Fiala model, which forms the basis of the Universal Thermal 
Climate Index UTCI (Fiala et al. 2011). 

The validity of such different approaches is assessed here by comparing 
the predictions of models with experimental data on rectal temperature and 
sweat rates recorded for varying air temperatures and humidities. The 
comparison was not done for single measurements but by means of 
equivalence lines that allow looking at the mutual influence of air temperature 
(ta) and humidity, expressed as vapor pressure (pa), on physiological strain. 

METHODS  

Our analysis is based on laboratory experiments with acclimated subjects 
(Ilmarinen 1978): for three subjects at Icl = 0.1 clo and Icl = 0.7 clo each 12 to 
15 exposures at different air temperatures and humidities were carried out; for 
Icl = 1.0 clo a total of 25 exposures of 2 subjects were included, summing up 
to a total of 106 exposures. Workload was chosen as 135 W/m² (walking 4.0 
km/h at the level) radiation temperature equaled air temperature and air 
velocity was 0.3 m/s. 

The averaged values of data during the third hour of exposure were used to 
calculate a best-fit area according to a heuristic approach. By this the intra-
individual variation is averaged as to facilitate a comparison with the 
predictions for the corresponding climatic and clothing conditions of the PHS 
and of the UTCI-Fiala model in psychrometric diagrams (for details cf. 
Kampmann et al. 2011). In order to quantify the error of the models along 
each experimentally estimated equivalence line five equidistant combinations 
of (ta/pa) were taken for each equivalence line and bias as well as root-mean-
squared error (rmse) were calculated. The critical value of the WBGT-index 
was calculated for Icl = 0.7 clo for the assumed workload as WBGT = 28 °C 
(assumed limit value of Tre: 38.0 °C). 

RESULTS  

Rectal temperature 
Compared with physiological equivalence lines PHS underestimated rectal 

temperature by about 0.2 °C for the semi-nude condition, but performed 
reasonably for clothed persons (Table 1). The shape of the equivalence lines 
reflected the experimental data only for humid conditions and for high strain 
with Tre above 37.8 °C (Fig. 1). 
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Table 1. Average deviation (bias) and root-mean-squared error (rmse) of rectal temperatures 
predicted by PHS and the UTCI-Fiala model for the different clothing conditions 

 
WBGT overestimated rectal temperature by 0.4 to 0.5 °C (Fig. 1, 0.7 clo). 
The UTCI-Fiala model consistently provided unbiased predictions of rectal 

temperature with absolute deviations up to about 0.3 °C (Fig. 1, Table 1). 

 
Fig 1. Contour lines of equal rectal temperatures (Tre) related to air temperature (ta) and 
vapor pressure (pa, RH=relative humidity) calculated for the different clothing conditions from 
the experimental data (Exp) and from simulations by PHS and the UTCI-Fiala model, 
respectively. For Icl = 0.7 clo a dashed line for WBGT = 28 °C (corresponding to the work 
load; Tre = 38.0 °C) is inserted into the diagram for experimental data in the first row. 

Clothing  UTCI-Fiala  PHS 
condition  bias (g/h) rmse (g/h)  bias (g/h) rmse (g/h) 
0.1 clo  0.03 0.28  -0.21 0.36 
0.7 clo  0.04 0.11  -0.05 0.14 
1.0 clo  0.10 0.27  -0.00 0.28 
Total  0.06 0.24  -0.08 0.27 
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Fig 2. Contour lines of equal sweat rates (SR) related to air temperature (ta) and vapor 
pressure (pa) calculated for the different clothing conditions from the experimental data (Exp) 
and from simulations by PHS and the UTCI-Fiala model, respectively.  
 
Sweat rate 

Sweat rates from PHS agreed very well with the physiological equivalence 
lines (Fig. 2) whereas the UTCI-Fiala model also performed well but with 
somewhat higher deviations especially in the semi-nude condition (Table 2). 

Table 2. Average deviation (bias) and root-mean-squared error (rmse) of sweat rates 
predicted by PHS and the UTCI-Fiala model for the different clothing conditions. 

 

DISCUSSION 

The development of PHS had started from calculating the required sweat 
rate which may explain the good prognoses of sweat rates. 

Clothing  UTCI-Fiala  PHS 
condition  bias (g/h) rmse (g/h)  bias (g/h) rmse (g/h) 
0.1 clo  163 461  20 60 
0.7 clo  3 205  66 123 
1.0 clo  -41 139  62 92 
Total  42 301  49 96 
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PHS reasonably predicted rectal temperatures of clothed persons, but the 
shape of the equivalence lines indicating the mutual influence of temperature 
and humidity agreed with the experiments only for humid conditions or with 
high strain. The more complex UTCI-Fiala model predicted Tre well in all 
settings and thus appears favorable also for low strain and comfort conditions. 

Our result for WBGT – being rather preventive when assessing climatic 
stress compared with PHS confirms a recent report by Holmér (2010). 

CONCLUSION 

As a basic principle the outcome of all models must allow to be checked 
against empirical data, as was done here for two climatic indices. The 
introduced method allows assessing climatic indices in a quantitative way and 
may be applied also to other climatic indices that predict physiological strain. 
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CONCEPT OF EQUIVALENT WET BULB GLOBE 
TEMPERATURE INDEX 

Tomonori Sakoi, Tohru Mochida  

INTRODUCTION  

The wet bulb globe temperature (WBGT) index indicates the risk of heat 
disorders only for the standard condition, according to which human beings 
are in summer work uniforms and the air is calm (ISO 1989, NIOSH 1986). To 
apply the WBGT to other conditions, some adjustments are required (Kenney 
et al. 1993, Bernard et al. 2005). In our previous study (Sakoi and Mochida 
2011), we indicated that the WBGT is closely related to the heat storage rate 
(S) for a human body with a skin temperature corresponding to the heat 
exposure limit in the steady state (Tskcrit). Using S, the heat risk for a given 
condition may be converted into that for the standard condition. In this study, 
we propose the concept of the equivalent wet bulb globe temperature 
(WBGT*) index that enables us to convert the heat risk under various 
conditions to a heat risk under the standard condition on a single risk scale.  

METHODS  

First, we define the standard condition for the WBGT* to be the same as 
that for the WBGT, i.e., human beings are in summer work uniforms and the 
air is calm. With reference to the work of Sakoi and Mochida (2011), the 
WBGT in the standard condition is closely related to S and their relationship 
can be described by Eq. (1).  

 (1) 

where hc
′, and hr

′ are the convective and radiative heat transfer coefficients 
of a natural wet bulb thermometer [W/m2°C]; LR, the Lewis ratio [°C/kPa]; αw 
and βw, the slope [kPa/°C] and intercept [kPa] of the linear regression of 
saturated vapor pressure at the natural wet bulb temperature; h*

s, the sensible 
heat transfer coefficients between the skin and the environment in the 
standard condition [W/m2°C]; and WBGTcrits, the heat exposure limit for a 
steady state at each activity level, expressed by the WBGT under the 
standard condition.  

We define the WBGT* as the WBGT value in the standard condition 
corresponding to an S identical with that of the given environment. Therefore, 
using Eq. (1), the WBGT* can be described by Eq. (2). 

 (2) 
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Figure 1 shows the relationship among the WBGT*, WBGTcrits, and S for 

various activity levels. Because h*
s increases with M, the change in the 

WBGT* with S reduces with an increase in M.  
Next, we indicate the method for estimating S in a given environment. To 

explain the concept of the WBGT*, we use the provisional relationships 
between Tskcrit and M and between SWmax and M, as shown in Fig. 2. To 
properly establish the WBGT*, these relationships need to be revised through 
the measurement of the thermophysiological state under the environment 
corresponding to the WBGTcrits.  

In the case where w < 1.0, S can be given by Eq. (3), which is obtained by 
combining the heat balance equation for the human body, the equation for the 
evaporation efficiency of sweat, and assumptions concerning sweat secretion 
(=SWmax). 

 (3) 

where W is the external work [W/m2]; h* and he
*, the sensible and latent 

heat transfer coefficients between the skin and the environment [W/m2°C] or 
[W/m2kPa]; Pa, the environmental vapor pressure [kPa]; Pskcrit

*, the saturated 
vapor pressure at Tskcrit [kPa]; and θ, the ratio of non-evaporative sweat at w = 
1 [N.D.] 

In the case where w = 1.0, S can be given by Eq. (4). 

 (4) 

The WBGT* can be determined uniquely by substituting S in Eq. (3) or Eq. 
(4) into Eq. (1). 

 
Fig. 1 Relationship among WBGT*, 
WBGTcrits, and S for various activity levels 

 
Fig. 2 Provisional relationships between Tskcrit 
and M and between SWmax and M 
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RESULTS  
Constant WBGT* lines (blue) and constant WBGT lines (red) for the 

standard condition at 1.1 met or 3.3 met are indicated on a psychrometric 
chart (Figs. 3 and 4). The WBGT is determined by combining the heat 
balance equation for a wet bulb thermometer with the WBGT equation. For a 
moderate humidity environment, the loci of the WBGT* lines and those of the 
WBGT lines agree well. However, for high or low humidity environments, the 
WBGT tends to be less accurate for estimating the heat risk than the WBGT*. 
Kenny et al. (1988) reported that the WBGT was less accurate for estimating 
the heat risk in high humidity environments where the skin was completely 
wet than that in moderate humidity environments. In addition, Keatisuwan et 
al. (1996) indicated that the WBGT was less accurate for estimating the heat 
risk in low humidity conditions than that in moderate humidity environments. 
The WBGT* indicated the heat risk to be greater for high and low humidity 
environments than the WBGT did. The WBGT* is consistent with the results 
obtained by Kenny et al. (1988) and Keatisuwan et al. (1996).  

 
Fig. 3 WBGT* and WBGT at 1.1 met under the 
standard condition.  

 
Fig. 5 WBGT* and WBGT at 3.3 met when 
human beings wear GORE-TEX® two-piece 
shirts. 

 
Fig. 4 WBGT* and WBGT at 3.3 met under the 
standard condition.  

 
Fig. 6 WBGT* and WBGT at 3.3 met when 
human beings wear PVC and vinyl acid suits. 
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Figure 5 shows the WBGT* (blue) for human beings wearing GORE-TEX® 
two-piece shirts in a still air environment as well as the WBGT (red). For a 
high humidity environment, the WBGT* is more correlated with the heat risk 
than the WBGT. The difference between the WBGT* and the WBGT (WBGT* 
− WBGT) can be interpreted as the adjustment factor. By adding the 
adjustment factor to the WBGT, the WBGT* can be obtained. The heat risk is 
expressed as the risk under the standard condition for the WBGT. Figure 6 
indicates the WBGT* (blue) for human beings wearing PVC and vinyl acid 
suits in a still air environment as well as the WBGT (red). Because the fabric 
in this case is vapor impermeable, the influence of humidity on the WBGT* is 
less than that on the WBGT.  

CONCLUSION 

In this study, we proposed the concept of the equivalent wet bulb globe 
temperature (WBGT*). The WBGT* is determined using the heat storage rate 
(S). S is calculated using the heat balance equation for a human body. 
According to the relationship between S and the WBGT under the standard 
condition, the WBGT* indicates the heat risk for a given environment on a risk 
scale under the standard condition for the WBGT. To explain the concept of 
the WBGT*, we used some provisional relationships. To properly establish the 
WBGT*, these relationships needed to be revised through the measurement 
of the thermophysiological state at the heat exposure limit under the steady 
state. 
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SEVEN STEPS TO STEADY-STATE, TO DYNAMIC, TO 
DISTRIBUTED AND MULTI-EFFECTOR MODELS OF HUMAN 

TEMPERATURE REGULATION 

Jürgen Werner 

INTRODUCTION 

Step 1: Definition of aim: The definition of the specific aim of a thermal 
model has to be the first step, because it determines the complexity of the 
model. 

Examples for aims of modelling: 1) Assist in clarifying physiological 
problems, e.g.: Which is the regulated variable? or: Do we need a reference 
value? 

2) Prediction of physiological behaviour and status of body, e.g.: General 
status at work in the heat, or: Survival in cold water, or: Man on the moon, or:    
Thermal comfort in vehicles, or: Thermal status in anaesthesia. 

The main aim of the didactic example in the next chapter will be to explain 
the seven steps necessary for successful modelling of the system of human 
temperature regulation. 

System properties of thermoregulation are extremely complex, as 
thermoregulation is a multi-subsystem, multi-input, multi-output, closed-loop, 
multi-effector, distributed, dynamic, proportional & differential, adaptive, non-
linear system. Depending on the aim of a specific model, several of these 
properties might be neglected, with the exception of one, namely the closed-
loop property. How to obtain the equations for a closed-loop model of 
temperature regulation? 

The simplest example would be to take into account one input (air 
temperature Ta), one output (body temperature Tb), “lumped” variables (not 
dependent on spatial coordinates, e.g. mean body temperature), to do a 
steady-state analysis (variables do not change in the analyzed phase), to 
exclude adaptive properties (short-term analysis) and to confine to one 
effector (e.g. metabolic heat production at very cold air temperature, when 
vasoconstriction is at minimum and skin evaporation E and respiratory 
evaporative heat loss REHL are constant). Even in the simplest model, 
thermoregulation is composed out of two different subsystems, first the heat 
transfer process, often called “passive system”, and second the processors 
(“active system”). Due to negative feedback, a control-loop is created, in 
which the output of the one is the input of the other and vice versa.  

STEADY-STATE MODELS 

Step 2: Equations: The two subsystems, process and processor coupled 
via feedback, obviously need two coupled equations. The heat transfer 
process follows the heat balance equation.  

In words: metabolic heat production M minus basic respiratory evaporative 
heat loss REHL0 minus basic evaporation to environment E0 minus 
convective/conductive/radiative heat transfer to environment equals to zero. 

Or as equation  (1)  M – REHL0 – E0 – 1/R (Tb – Ta) = 0 
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where R = heat resistance (physical parameter). 
Equ. (1) reformulated (solved for Tb):   (1a)  Tb  = R (M - REHL0 – E0 ) + Ta 

Metabolic heat production M is composed of basic metabolic heat 
production M0 and the processor-induced component ΔM. For the processor 
holds: 

(2a)    M=M0+ΔM   
     (2b)    ΔM=0  for Tb≥T0M    with T0M=threshold  
           ΔM=-gM(Tb-T0M) for Tb≤T0M    with gM=gain  
Step 3: Parameters: The following parameters have to be taken from 

experimental studies (Werner 2010): R = 0.17 °C/W (no clothing, e.g. Ta = 
10°C), REHL0 = 5W, E0 = 10W, M0 = 85W, gM = -31 W/°C, T0M = 35.9°C. 

These parameters are set into the process equation (1a): 
(1b)    Tb = 0.17(M – 15) +Ta 
and in the equations (2a,b) for processor: 
(2c)    M = 85 – 31(Tb – 35.9) 
Step 4: Solution of equations: We set equ.(2c) into equ.(1b) and solve for 

Tb: 
(1c)     Tb = (203.6 + Ta) / 6.27 
For example for Ta = 10°C we get Tb = 34°C. If we set Tb = 34°C into 

processor equation (2c), we obtain M = 144W. Many further results may be 
computed for other Ta in a range where other effectors than M do not change. 

Step 5: Validation of the model: This step is absolutely vital for a model, 
though often not done. The method is quite clear: Compare computed results 
with experimental results and adjust your model in an iterative process, until 
you can be sure, that you may predict further results. 

In the didactic example above, it is evident, that the computed values lie 
perfectly within the inter- and intraindividual range of experimental results. 

Step 6: Documentation of the model: A complete documentation is 
necessary to overcome Jan Stolwijk‘s statement from the seventies, that „ a 
model mostly is only useful for the originator“. Furthermore: If you really want 
that your model may be useful to very many colleagues, provide a user-
friendly interface, but at the same time provide access to the source code. 

Step 7: Documentation and evaluation of the results of the model: The final 
evaluation of the didactic example is: 1) The model is well suited to explain 
the seven necessary steps for modelling, 2) The model is well suited to 
understand the closed-loop operation of human thermoregulation, 3) The 
model is well suited to compute steady-state mean body temperature and 
metabolic heat production for a resting unclothed person in the cold, 4)  The 
model is far too simple to add further insights into the system. 

What do we need for the fulfilment of the last item? Obviously, it is 
necessary to take into account the dependence of the system variables on 
time (dynamic model) and on local coordinates (distributed model) in a multi-
effector model. 

DYNAMIC MODELS 

Why is temperature regulation a dynamical system or in other words why 
do its systems variables follow a certain time course after any stimulus? 

The main reason is, that heat transfer is an inert process, leading to time 
lags. A second reason is the fact that physiological thermosensors do not only 
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react proportionally to the amount of the stimulus, but also proportionally to 
the rate of change of the stimulus, i.e. to its differential quotient. However, this 
second process is very much faster than the heat transfer process. Therefore 
in most modelling applications, only the dynamics of heat transfer have to be 
taken into account (in the heat balance equation). In the dynamic analysis, 
only steps 2 to 4, are essentially different from the steps described above. 

Step 2: Equations: In the dynamic phase, the components of the heat 
balance equation (1) do not equal to zero, on the contrary there is remaining 
heat flow: 

(1d)   M – REHL0 – E0 – 1/R (Tb – Ta) = heat flow = m c  dTb/dt 
with the parameters m=mass and c=specific heat of the body. dTb/dt is the 

rate of change of body temperature (the differential quotient with respect to 
time t). The equation (2a,b) for the processor is still the same as before. 

Step 3: Parameters: We have to take into account two additional 
parameters: 

m= 75 kg (e.g.) and c= 3.6 10-3 Ws/kg°C. 
Step 4: Solution of equations: Equation (1d) is an „ordinary differential 

equation” (only one independent variable, namely time t) of first order (only 
first derivative of Tb occurs). 

The classical method of numerical computer solution of differential 
equations is to transform the differential quotients into difference quotients. 
Instead of dTb/dt we use ΔTb/Δt and by this e.g. (Tb2-Tb1)/(t2-t1). This is the 
basis of „Finite Difference Methods“ (FD-methods). The result of such a 
procedure is: Instead of differential equations we obtain simple algebraic 
equation, a triviality for every computer. There is a great amount of available 
methods and ready-to-use tools:  e.g. forward-, back-, central-differences-
methods, and methods using more than two values within an time interval, 
such as the Runge-Kutta-methods and many others. The ready-to-use tools 
differ mainly in accuracy, needed computing time and security of dynamically 
stable computation. Remember: We solve coupled equations, representing a 
feedback-loop, which, if parameters (here primarily time interval Δt) are 
inadequately chosen, can become dynamically instable (meaning that 
variables start oscillating with growing amplitude). 

DISTRIBUTED AND MULTI-EFFECTOR-MODELS 

In the past 50 years, many models have been developed taking into 
account the dependance of variables and parameters on local coordinates 
(“distributed” models) and the multi-effector property of the system of 
thermoregulation: 1) Core-shell models, 2) Multi-layer models, 3) Multi-
element, multi-layer models (e.g. Stolwijk & Hardy 1966, Xu & Werner, 1997), 
4) Multi-cylinder models, variables a function of radius r, (e.g. steady-state: 
Wissler, 1961, dynamic: Werner, 1975), 5) Multi-cylinder models, variables a 
function of radius r and angle φ, (e.g. Wissler, this volume), 6) Multi-cylinder 
models, variables a function of three-dimensional cylinder coordinates, 7) 
Real anatomy, three-dimensional, finite difference method (FD), (e.g. Werner 
& Buse 1985), 8) Real or approximated anatomy of parts of the body, finite 
element method (FE). In the approaches 1 to 3, you get for the heat balance, 
instead of one ordinary differential equation of first order (Equ.(1d)) a system 
of 2 to n ordinary differential equations of first order, which following the 
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procedures, outlined above, do not present principally new difficulties, neither 
for the computer nor for the user of the computer model. Approaches 4 to 8 
lead to systems of “partial differential equations” (meaning that the system 
variables depend on more than one variable, namely time and one to three 
local coordinates) of second order (because the physical law for continuous 
heat conduction involves the differential quotient of second order). Although 
these approaches require more elaborated mathematical methods, the tools 
for numerical computer solution base on the principles outlined above. 

From the physiological view, almost all of these models take into account  
necessary local dependencies in the „passive system“, i.e. they elaborate 
primarily the computer treatment of the human anatomy, and by this of the 
(“passive”) heat transfer process (Equation type (1) only), whereas the 
equations for the processors (“active system”) remain on a rather rudimentary 
level. Early models often were only steady-state heat transfer models, i.e. 
they allowed to compute steady-state temperature at various environmental 
conditions, if the physiological inputs (M, E, REHL etc.) were known.  In most 
closed-loop models, the active system‘s equation are of the same type used 
in the example above: 

(2d)    EMi=EM0i+gi(T-Tthreshold, i)   with EMi=total effector amount for 
generally three effector mecanisms i=1….3 (metabolic heat production, 
evaporation, vasomotor action). Parameters (gain gi, threshold and basic 
values) are different for every type of effector. However, the input variable to 
the active system T is defined in a different way: Whereas in whole-body 
models it is (example above) mean body temperature Tb, it is in core/shell 
models: 

(3)     Tb=wTc+(1-w)Ts   with weighting factor w, and c for core and s for 
skin. 

In multi-element models: 
(3a)    Tb=3wj Tj    where subscript j denotes the element number. 
The total effector mechanism EMi, of type i generally is distributed by 

distribution factors di,j to elements j with effector portions EMi,j: 
(4)     EMi,j=di,j EMi 
Finally almost all models, even if very elaborated in the passive system, 

rely on two main inputs to the active system, namely mean core temperature 
and mean skin temperature.  Effects of local temperatures sometimes are 
taken into account by modifying the input functions (3a). 

CONCLUSION 

What remains to do after more than 50 years of thermal modelling? 
For modellers: 1) Elaborate more adequate equations for the active (multi-

effector) system, based on solid physiological knowledge (see Wissler, this 
symposium), 2) Provide more solid validations of the models (main goal of this 
symposium), 3) Elaborate more specific models for specific applications (see 
all contributions of this symposium), 4) Provide documentation and user 
friendly interface. 

For users: 1) Ask for fulfilment of the 4 points above, nevertheless 2) 
acquire basic knowledge of systems and control theory and of computing, 3) 
Acquire solid physiological knowledge and contribute to enhanced validity of 
models. 
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LOCALIZED EVAPORATIVE RESISTANCE: CORRECTION FOR 
BODY AND AIR MOVEMENT 

Faming Wang*, Li-Yen Lin†, Miguel Ribeiro†, Simona Del Ferraro†, Tiago Sotto 
Mayor†, Vincenzo Molinaro†, Chuansi Gao, Kalev Kuklane & Ingvar Holmér 

† These authors contribute equally to this work and order of authorship is listed alphabetically.  

*Contact: faming.wang@design.lth.se 

INTRODUCTION  

Clothing evaporative resistance determines how much sweat could be 
escaped through one’s clothing to the surrounding environment (Wang et al. 
2011). Although ISO 9920 (ISO 9920 2007) has considered effects of body 
and air movement on clothing total evaporative resistance Re,T, the correction 
factor for Re,T,r (total resultant evaporative resistance) was made based on the 
reduction factor for IT,r (total resultant thermal insulation). In addition, a total 
dynamic value cannot always fully reflect the local evaporative transfer 
characteristics, for example, when considering inhomogeneous garments over 
the body. Thus it is meaningful to investigate local clothing thermal comfort. 

METHODS  

The Newton type sweating thermal manikins (MTNW, Seattle) was used in 
this study. The manikin surface temperature was controlled at 34.0 °C. The 
water was continuously supplied to fabric skin through embedded sweating 
glands. The fabric skin was fully saturated. Fourteen temperature sensors 
were attached on the wet skin surface to measure the skin temperature. All 
experiments were conducted at an environmental temperature (34.0±0.5 °C) 
and relative humidity (38±5 %). Three levels of air velocity were selected: 
0.18, 0.48 and 0.78 m/s. The reference air velocity was 0.18 m/s. Three 
walking speeds were chosen: 0, 45 and 55 dspm (double steps per minute). 
The corresponding walking speeds are 0, 0.96 and 1.17 in m/s, respectively. 

 
Fig 1. Sensor location on a 34-segment sweating thermal manikin Newton. 
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RESULTS 

The local heat losses of 14 segments of a 34-segment Newton sweating 
manikin at different body and air movements are presented in Table 1. 

Table 1. An example on local manikin segmental heat loss (in W/m2) at different walking 
speeds and air velocities. 

Test conditions Zone 

SL SH W45L W45H W55L W55H 

Face  186.4 202.3 188.3 192.5 183.5 212.1 

Head  92.0 152.2 104.3 142.1 109.9 151.8 

Chest  116.2 145.5 127.1 128.3 120.1 133.3 

Shoulders  65.9 105.2 92.8 103.7 96.1 97.0 

Upper arm  196.9 209.4 215.9 223.0 223.8 221.8 

Forearm 154.8 197.7 452.6 465.0 556.7 430.9 

Hand 202.6 343.5 424.5 465.3 531.5 604.6 

Back 81.9 97.0 111.8 125.9 123.5 136.8 

buttocks 62.0 76.8 122.2 123.9 152.3 153.6 

thigh 187.4 244.4 245.5 294.9 279.7 295.5 

Calf 140.3 167.0 249.0 368.1 544.4 554.1 

Foot 228.7 246.1 396.0 280.2 479.8 542.5 

Stomach 130.9 156.0 135.2 144.4 141.1 147.9 

Waist 136.1 145.0 169.7 174.1 197.1 183.7 
Note: S-standing manikin; L-low air velocity (0.18 m/s); H-high air velocity (0.48 m/s); W-walking 
manikin; 45-walking speed, 45 dspm; 55-walking speed, 55 dspm. 
 

The multiple nonlinear regression equations were developed by means of 
ordinary least squares (OLS) using Matlab software.  The correction factor 
curves of the air boundary layer’s resultant evaporative resistance at the 
manikin's right hand and stomach are displayed in Fig.2. The correction factor 
equations can be expressed as 
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Fig 2. Correction/reduction factors of the boundary air layer’s evaporative resistance (Rea) for 
the manikin’s right hand and chest. 
 
 

CONCLUSION 

The body movement has more influence on the body extremity than on the 
torso. In contrast, the air velocity has more influence on the torso than that 
from walking speed. This is in good agreement with the results reported on 
dynamic clothing thermal insulation (Holmér et al. 1999; Havenith et al. 2004). 
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By using correction factors developed for each local body segment, the local 
clothing moisture transfer property could be more clearly characterized. 
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IMPROVING THE ACCURACY OF PHYSIOLOGICAL 
RESPONSE IN SEGMENTAL MODELS OF HUMAN 

THERMOREGULATION 

Mark Hepokoski, Allen Curran & Daniel Dubiel 

INTRODUCTION  

Segmental models of human thermoregulation have found increasing use 
due in part to being more commonly available within commercial CAE tools. 
Although these integrated models are used in a wide variety of applications 
(e.g. thermal comfort, clothing design, human effectiveness, etc.), one 
common fundamental objective is shared: The accurate prediction of the 
body’s core and skin temperatures. The surface of the skin exchanges heat 
with the environment and provides thermal state information to the 
thermoregulatory system. Therefore, improving the prediction of skin 
temperature will not only result in a more accurate prediction of environmental 
heat transfer but will also provide a more accurate prediction of physiological 
response (i.e. dilatation, constriction, shivering, and sweating), subsequently 
leading to more accurate core temperature prediction.  

METHODS  

Segmental thermoregulation models have evolved over time as 
researchers have refined the models of the thermo-physiological systems and 
the anatomical representation of the human body (Wissler 1964, Stolwijk 
1971, Gordon et al. 1976, Fiala et al. 1999, Fiala et al. 2001, Huizenga et al. 
2001).  Each new model brings a better prediction of physiological response. 
Characterizing the thermo-physiology of the human body is difficult due both 
to its inherent complexity as a biological system and due to the lack of 
sufficient and precise physiological data. Often, important underlying 
physiological information must be obtained either by making assumptions or 
by tedious trial and error procedures (Gordon et al. 1976, Fiala et al. 1999).  
Unfortunately, these model development issues can result in poor agreement 
of segmental skin temperature with expected results. Furthermore, inaccurate 
skin temperatures can result in over- or under-stated coupling between the 
body’s core and the environment, causing the model to heat up or cool down 
in an unrealistic manner.  

 To address this issue, an implementation of the Fiala et al. model was 
expanded upon to produce an improved human thermo-physiology model.  
For example, the ten body elements defined by Fiala et al. (1999) were 
subdivided into upper/lower and left/right segments to create a new 
physiology representing a standard European male. The resulting segments’ 
passive and active system parameters were adjusted to provide better 
agreement with experimental results, while keeping the active 
thermoregulatory control correlations for whole body sweating, shivering, 
dilatation and constriction (Fiala et al. 2001) unchanged. The objective of this 
effort was to develop a physiological model that produces accurate core and 
skin temperatures for a wide variety of steady and unsteady conditions.  
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The model was validated against a series of experimental data sets, 
including a series of transient hot cases (Stolwijk and Hardy 1966), a transient 
cold case (Raven and Horvath 1970), and a series of quasi-steady state 
cases that range from cold to hot (Werner and Reents 1980). A shell-element 
based implementation of the Fiala et al. model (Curran et al. 2006) was used 
as a baseline to assess the improvements in performance obtained as 
segment parameters were adjusted. 

RESULTS  

Werner and Reents performed one of the most comprehensive studies of 
spatial temperature distribution on the human body. This series of climatic 
chamber experiments produced a set of local skin temperatures and core 
temperature for a wide variety of steady environmental conditions.  

 
Figure 1. Core and segmental temperatures obtained after two hour exposure to 
thermoneutral boundary conditions (i.e. 30 oC, 40% relative humidity) 

The core and local segment temperatures obtained from the new 
physiology model when simulating neutral, steady environmental conditions 
are compared to the experimental data published in the literature [Figure 1]. 
These temperatures are also compared to the results obtained from a 
simulation that used the baseline physiological model. 

Similarly, Figures 2 and 3 present results from simulating cool and warm 
environments. Improvements in temperature response provided by the 
model’s active thermoregulatory system are demonstrated by the agreement 
in core and skin temperatures obtained from exposure to non-neutral 
environments. 
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Figure 2. Segmental temperatures obtained after two hour exposure to cool boundary 
conditions (i.e. 20 oC, 40% relative humidity) 

 
Figure 3. Segmental temperatures obtained after two hour exposure to warm boundary 
conditions (i.e. 40 oC, 40% relative humidity) 

CONCLUSION 

An implementation of the Fiala et al. model was expanded upon to produce 
an improved human thermo-physiology model. The resulting segments’ 
passive and active system parameters were adjusted to provide better 
agreement with experimental results, while keeping the active 
thermoregulatory control correlations for whole body sweating, shivering, 
dilatation and constriction (Fiala et al. 2001) unchanged. The resulting model 
more accurately predicts skin and core temperatures for various 
environmental conditions. 
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THERMAL SENSATION MODEL BASED ON 
NEUROPHYSIOLOGY OF THERMAL RECEPTION 

Kingma Boris, Schellen Lisje, Frijns Arjan & van Marken Lichtenbelt Wouter  

INTRODUCTION  

Accurate mathematical models of thermal sensation are extremely useful in 
the design of high performance buildings. Recently, de Dear (2011) stressed 
the importance of incorporating the physiology of thermal reception to better 
understand and predict thermal sensation. The main issue is that humans do 
not sense temperature directly; the information is coded into neural fire rates. 
Here we developed a mathematical model to predict thermal sensation based 
on the neurophysiology of thermal reception.   

METHODS  

Experimental data from two independent studies were used to develop and 
validate the model. In both studies core temperature was measured with an 
ingested telemetric pill (CoreTemp, USA). Skin temperatures were measured 
by wireless iButtons (Thermochron iButton DS1921H, Dallas Maxim) at the 
14-points as proposed by ISO 9886. Sensation votes were asked on the 7-
point ASHRAE defined scale. 

For the development dataset young adult males (n=12, 0.04Clo) were in 
supine position and were exposed to: a thermoneutral condition (30°C, 0.5h), 
followed by a mild cold (20°C, 1h) and mild warm (35°C, 1h) condition and 
finally to a thermoneutral (30°C, 1h) condition again. For the validation dataset 
young adult males (n=8, 1.0Clo) performed typical office work and were 
exposed to a transient condition; temperature range: 17 to 25°C, duration: 8h, 
temperature drift: first 4h: +2 °C/h, last 4h: –2 °C/h. 

 Measured skin and core temperature data were transduced into neuron 
fire rate of cold sensitive and warm sensitive thermoreceptors according to 
Mekjavic and Morrison (1985). For the body core only warm sensitive neurons 
were used (Hwarm). Integration of skin warm and cold neuron fire rates at the 
spinal cord and trigeminal nucleus (i.e. face thermal reception) was calculated 
by averaging (Pwarm [pulse/sec] and Pcold [pulse/sec] respectively; P for 
peripheral). From the spinal cord and trigeminal nucleus, the 
neurophysiological pathway projects towards the thalamus. This is different 
from thermoregulation where the pathway projects to the hypothalamus. From 
the thalamus neurons project to the insular cortex, which is presumed to be 
the brain area for sensation of thermal stimuli. There the thermal information 
from the body core (Hwarm) and skin (Pcold and Pwarm) was integrated by 
weighed superposition. The final model was formulated as: 

 
S = β0 + β1 Hwarm + β2 Pcold + β3 Pwarm      (1) 

Here, S is the thermal sensation vote as defined on an ASHRAE scale and 
+ or – signs of coefficients denote exciting or inhibiting role in the neural 
pathway. The coefficients of Model 1 were estimated by least squares 
regression. 
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RESULTS  

The neurophysiological model significantly predicted thermal sensation for 
the development dataset (r2=0.89, p<0.001). However, the coefficients of Pcold 
and Pwarm did not significantly contribute to the model (i.e. were not statistically 
different than zero). Therefore, two new models were fitted: 

S = β0 + β1 Hwarm + β2 Pcold       (2) 
S = β0 + β1 Hwarm + β2 Pwarm       (3) 
  Both model 2 and model 3, significantly explained thermal sensation 

(Model 2: r2=0.87, p<0.001; and model 3: r2=0.89, p<0.001). For both model 2 
and model 3 all coefficients contributed significantly to the prediction. Model 3 
was chosen for validation, since it best explained the variation in thermal 
sensation (i.e. highest r2-value). Validation revealed that the model predicted 
thermal sensation within an acceptable range (root mean squared 
residual=0.38; Figure 1). 

 

 
Fig 1. A) Development: Averaged sensation votes (open circles) and model fit (black line) of 
the development data set. Error bars represent the standard deviation. B) Validation: 
averaged sensation votes (open circles) and model fit (black line) of the validation data set. 
Error bars represent the standard deviation. (submitted to Indoor Air 2011) 

CONCLUSION 

In conclusion, based on neurophysiology, a new model for predicting 
thermal sensation was developed. The results indicate that the emulation of 
the neurophysiology was able to capture the dynamics of thermal sensation. 
Interestingly, during the mild thermal challenges, body core warm and skin 
warm thermoreception information was sufficient to accurately predict thermal 
sensation. Future studies could investigate whether this is also true for more 
extreme or colder exposures. The presented method can be highly beneficial 
for predicting thermal sensation under complex environments with respect to 
non-uniform and transient environments, especially in combination with 
thermo-physiological models to link physiological responses to thermal 
sensation.  
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DYNAMIC EVALUATION OF FIRE FIGHTERS THERMAL 
RESPONSES IN DIFFERENT ENSEMBLES USING 

MATHEMATICAL MODEL  

Irena Yermakova, Ksenia Dukchnovskaya,Olga Troynikov, Nazia Nawaz, 
Anastasia Nikolaienko 

INTRODUCTION  

The primary function of the fire fighter’s clothing is to provide protection 
from fire and extreme hot environments; with the secondary purpose to 
provide high functionality to aid in the quick and effective performance of 
required tasks with the expense of minimal energy. Thermal comfort in 
humans refers to the mind condition which expresses satisfaction with the 
thermal environment (ASHRAE 1992). The concept of thermal comfort is 
closely related to thermal stress which could considerably impact the human 
health status and performance (Williams et al. 2010) Thermal comfort is 
affected by heat conduction, convection, radiation and evaporative heat loss, 
while thermo-physiological comfort is associated with the thermal balance of 
the human body, which strives to maintain a constant body core temperature 
of about 37 ºC (Slater 1985). A typical fire fighters ensemble consists of 
several garments covering the body including jacket, trousers, gloves, helmet 
and underwear where the garments are made of a multi-layered fabric 
assembly generally consisting of outer protective layer, mid layer with thermal 
and moisture barrier functions as well as an inner layer. Thus, it is clear that 
garments worn by fire-fighters are heavy and impede human body thermo-
physiological regulation, especially in hot and humid environments. There is a 
number of technical developments that have taken place in recent years in 
textile materials used in fire-fighters garments and also in the construction of 
ensembles themselves (Curtis 2009).  

The objective evaluation of new textile materials and components 
introduced into the fire-fighters’ garments is normally carried out under the 
controlled laboratory environments in steady-state conditions. To ensure the 
adequate predictions of thermo-physiological performance of these new 
generation garments and ensembles their evaluation should be explored in 
states that are both steady and transient. In past years a number of 
mathematical models and simulation tools were developed to simulate or 
predict human thermal physiological status (Li 2001, Wang and Li 2003, Fiala 
et al.1999). However, not many studies have been carried out to study 
dynamic changes of thermal responses of firefighters wearing fire-fighters 
ensembles constructed of different textile materials and their combinations, 
especially in hot and humid environments as in the Australian climate. The 
purpose of the present research is to evaluate the effect of different 
firefighters’ ensembles on human thermoregulatory responses during 
performance in hot humid environments using a developed mathematical 
model.  
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METHODS  

Experimental Garments: Two fire-fighters’ protective ensembles 
(Generation I and Generation IV) were used and consisted of Turnout Helmet, 
Turnout Jacket, Turnout Overtrousers, Turnout Boots (fully lined leather 
structural fire fighters boots), and fire fighters gloves made of leather and 
moisture barrier. Undergarments consisted of 100% cotton Single Jersey T-
shirt and briefs. Helmet, boots, gloves and undergarments remained the same 
for both cases while the textile materials assembly of the Jacket and 
Overtrousers varied for Generation I and Generation IV ensembles (Table 1). 

Table 1.Textile component materials for Generation I and Generation IV fire-fighters jacket 
and over trousers 

Textile 
Assembly 

Textile 
Material Description 

Mean 
Rct 

(m²K/W) 

Mean Ret 
(m²Pa/W) 

Mean 
weight 
(g/m2 ) 

Mean 
thicknes
s (mm) 

Outer Layer Nomex® IIIA 0.014 3.099 204 0.45 

Middle Layer E 89 Sontara® 
Membrane 0.048 9.169 96 0.49 

Inner Lining 

Sontara® (Non- 
woven) quilted to 

Nomex/ FR 
Viscose 

0.067 5.697 276 0.36 

Generation 
I 

Gen I Triple 
Assembly 

Combination of 
above 3 0.203 23.105 ∑=576 ∑=1.30 

Outer Layer PBI® Matrix 0.013 3.145 206 0.40 

Middle Layer 
Gore 

Crosstech® 
(Non-woven) 

0.011 4.158 250 0.70 

Inner Lining Nomex Insul – 
Tex Runner® 0.007 2.673 132 0.28 

Generation 
IV 

Gen IV Triple 
Assembly 

Combination of 
above 3 0.053 12.241 ∑=588 ∑=1.38 

 
Model: Computer model of human heat-exchange and thermoregulation 

was developed for multilayered protective clothing and is derived from the 
class of multicompartmental models realised for prediction of human 
thermoregulatory responses while wearing clothing during work in different 
environments [Yermakova, Candas, 2007; Candas, Yermakova 2008]. A 
series of mathematical models were used as a set of differential equations 
related to metabolic heat; heat transfer by conduction; heat convection by 
blood flow;heat-exchange with the environment by both radiation and 
convection; heat loss by evaporation from skin, and through respiration. 
Modeling demonstrates transient and steady state changes of physiological 
characteristics such as specific point and mean temperatures, sweat rate, 
dripping rate, total water loss, evaporation, maximal evaporation, blood flow, 
heart rate, heat flow by convection and by radiation; and others.  
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The present study includes a number of the following steps aiming to 
evaluate the efficacy of body sweating in protective ensembles of Generation I 
and Generation IV during wearer’s performance in hot environments:  

• evaluation of the effect of each ensemble on thermal responses of 
firefighters working in a dry hot environment,  

• evaluation of the effect of each ensemble on thermal responses of 
firefighters working in a humid hot environment,  

• comparative evaluation of the effects of these ensembles on firefighters 
thermal status related to a dry and humid hot environment.  

To achieve the above the problem modelling experiments were performed 
under the following conditions: air temperature - 30 ºC; wind velocity -  m/sec; 
relative humidity - 20% and 85%; and work intensity - 160 W/m2.  

RESULTS  

From Table 1 it is clear that for both Generation I and Generation IV 
ensembles the outer layer fabrics have similar weight and thickness and thus 
would be contributing a similar thermal and vapour resistance to the resultant 
ensemble. Middle layer of Generation I is a membrane and in Generation IV it 
is a Gore CROSSTECH® barrier fabric which is a thicker textile material. 
Middle layer of Generation IV is 62% heavier than middle layer of Generation I 
and also 30% thicker than Generation I. The results in Table 1 demonstrate 
that thermal and vapour resistance of the membrane is lower than Gore 
CROSSTECH® barrier fabric even though the membrane is lighter and 
thinner than Gore CROSSTECH®. The inner lining of Generation I is a quilted 
textile material that is comparatively heavier and thicker than that of the 
Generation IV inner lining. The inner lining of the Generation I has higher 
thermal and vapour resistance due to its greater thickness and weight in 
comparison to the inner lining of Generation IV.  

The main thermoregulatory response that impedes overheating of the 
human body in a hot environment is sweat evaporation. This is the only 
physiological way that can provide effective heat loss from the human body to 
support its temperature homeostasis. Fig.1 (a,b) shows the dynamics of 
sweating for a man wearing two kinds of protective clothing (Generation I and 
IV) in dry and humid environments. It is clear that in a dry, hot environment 
(RH = 20%) both ensembles are quite comfortable for the wearer. All 
produced sweat is evaporated, and there is no dripping. For Generation I the 
sweat rate is 500 g/h and for Generation IV is 400 g/h. It means that the 
accumulated heat in a person wearing the Generation IV ensemble is lower 
than that in a person wearing the Generation I ensemble, and thus will require 
a lower amount of sweating for the required thermal balance.  

The results related to work in humid (RH = 85%) hot environment (Fig.1a, 
c) is of greatest interest. In a humid environment, both ensembles are not 
physiologically comfortable during work activities, although Generation IV 
ensemble has a clear advantage over Generation I. As it is seen from Fig.1 
(b, d) two simultaneous processes take place - part of the produced sweat is 
being evaporated and the remaining part is dripping. For the Generation I 
ensemble the amount of dripping sweat increases from 0 g/h to 1600 g/h in 2 
hours, while only 260 g/h is evaporated during the same time. For the 
Generation IV ensemble the ratio of these two outputs is more attractive from 
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the physiological point of view, as in this case the rate of sweat evaporation 
during the same time increases from 0 g/h to 400 g/h and dripping increases 
from 0 g/h to 600 g/h during the same time to the end of exposition and thus 
after the 2 hour period is only 38% of that resulted from the Generation I 
ensemble.  

 
Fig.1. Dynamics of evaporation and dripping sweat rate for firefighters in two kinds of 
protective clothing in dry (a,c) and humid (b,d) environments. 

Table 2 shows the mean skin temperature at the end of 2 hour exposure. In 
humid conditions, it increases considerably for both the Generation I and 
Generation IV ensembles, and is 38.2 ºC and 36.4 ºC for these ensembles 
respectively. Heart rate also increases and is at 150 beats/min and 
120 beats/min after 2 hours for Generation I and IV ensembles respectively.  

Table 2. Mean skin temperature after two hours of work activity 

 Ensemble I Ensemble IV 

RH 20% 85% 20% 85% 

T, ºC 35.8 38.2 35.6 36.4 
 
In Fig.2 total water loss after two hours of work are shown for all 

combinations of ensembles and environments. For dry hot environment water 
losses are acceptable and represent no danger for dehydration of the human 
organism. From Fig.2 it is clear that performance of the ensembles during 
work in the humid environment significantly differs from that in the dry 
environment. For the Generation I ensemble the resultant total body water 
loss is at 1700 g, which represents more than 2% of body weight and thus is a 

d 
 

Ensemble IV, RH = 85% Dripping 

Evaporation 
 

c 
 

Ensemble IV, RH = 20% 

Evaporation 
 

b 
 

Dripping 

Ensemble I, RH = 85% 

Evaporation 
 

a 
 

Ensemble I, RH = 20% 

Evaporation 
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considerable danger for the dehydration of the human organism. In 
comparison, for the Generation IV ensemble the resultant total body water 
loss decrease is at 900 g after two hours of exposure. In this later case there 
is no formal danger of dehydration but it is necessary to exercise caution and 
be prepared to stop working activities due to dehydration. 

 
Fig.2. Total water losses in 2 hours of work in dry and humid environments. 

 
It is dangerous to work in a humid environment while wearing the ensemble 

of Generation1 (Fig.2). After two hours of work the water losses would reach 
more than 2% of the firefighter’s body weight which is dangerous for human 
health. The model allows a recommendation to be made to interrupt work and 
to drink water to avoid dehydration of the human organism.  

CONCLUSIONS 

The effect of Generation I and Generation IV firefighters’ ensembles on 
human thermoregulatory responses during performance in hot humid 
environments similar to Australian conditions was evaluated using a 
developed mathematical model.  

It is concluded that the Generation IV ensemble was expected to have less 
impact on human physiological condition during work, especially in hot humid 
environments. 
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THERMOPHYSIOLOGICAL MEANING OF WET BULB GLOBE 
TEMPERATURE INDEX 

Tomonori Sakoi, Tohru Mochida  

INTRODUCTION  

The wet bulb globe temperature (WBGT) index is popularly used to express 
the risk of heat disorders. The heat risk is specified clearly for the standard 
condition, according to which humans are in summer work uniforms and the 
air is calm. However, for other conditions, the relationship of the WBGT with 
the heat risk is unclear. The WBGT index has been developed empirically; 
therefore, its thermophysiological meaning remains obscure. The clarification 
of its thermophysiological meaning can enable us to compare the heat risk in 
the standard condition with those in other conditions with the help of the 
thermophysiological state. In a series of previous studies (Sakoi et al. 2007, 
Sakoi et al. 2008), we clarified that the WBGT corresponding to the exposure 
limit in the steady state is closely related to a fixed skin temperature (Tskcrit) 
and that for a transient state, the WBGT corresponds to the heat storage rate 
(S) of a human body when the human subject has a moderate activity level 
(3.3 met). The aim of this study is to clarify the thermophysiological meaning 
of the WBGT for human subjects acclimatized to heat as well as work at 
various activity levels.  

METHODS  

In the basic investigation, we consider a uniform thermal environment for 
which the mean radiative temperature = the air temperature = the black globe 
temperature Tg. The WBGT expresses the risk of heat disorders, and 
therefore, we assume that the sweat rate touches SWmax. According to ISO 
7933 (ISO 2004), we use the value of SWmax in g/h and the evaporation 
efficiency of sweat η, as described by Eqs. (1) and (2), respectively. 

SWmax = 1.25·2.6 (M − 32) ADu (1) 
η = 1 − θw2 (2) 
Here, M is the metabolic heat rate [W/m2]; ADu, the body surface area [m2]; 

θ, the ratio of non-evaporative sweat at w = 1 [N.D.]; and w, the skin 
wettedness [N.D.]. 

By combining Eqs. (1) and (2) with the heat balance equation for a human 
body and the definition of skin wettedness w, we can estimate the 
thermophysiological state, which is given by Tsk and w at a fixed S or by S for 
a given environment at a fixed Tsk. Further, from the heat balance equation of 
a natural wet bulb thermometer, the natural wet bulb temperature Tw can be 
determined uniquely for the same environment. Therefore, we can also 
determine the WBGT.  

RESULTS  

First, we indicate the results obtained in the case of the exposure limit for a 
steady state (S = 0). Hereinafter, we refer to the WBGT expressing the heat 
exposure limit for a steady state (continuous work) at each activity level as 
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WBGTcrit. Figure 1 shows the relationship among Tsk, w, and the WBGT, at an 
activity level of 1.1 met (65 W/m2) when S is 0, along with the environmental 
parameters Tg and RH. Figure 2 shows the same relationship at an activity 
level of 5.5 met (323 W/m2). Because Tsk and w values in these figures are 
estimated with the assumption that S = 0, the relationships among Tsk, w, and 
the WBGT are valid only around WBGTcrit, i.e., 33.2 °C at 1.1 met and 25.1 °C 
at 5.5 met.  

At 1.1 met, because of a high value of SWmax, the skin surface is 
completely wet for most environments. Therefore, Tsk changes significantly 
with humidity. When w equals 1.0, Tsk increases with an increase in RH even 
when the WBGT is maintained at around WBGTcrit (33.2 °C). At 5.5 met, the 
value of w is less than unity for most environments and the value of Tsk 
around the WBGTcrit (25.1 °C) remains almost constant except in the case of 
extremely low humidity environments. Similar figures were drawn for 
metabolic heat rate levels of 2.2, 3.3, and 4.4 met. The WBGTcrit was related 
closely with Tsk at metabolic heat rate levels of 3.3, 4.4, and 5.5 met. At these 
activity levels, the skin surface was not completely wet for most environments. 

           
Fig 1a. Tsk and w around WBGTcrit when w < 1.0                                 Fig 1b. Tsk around 

WBGTcrit when w = 1.0 
and M = 1.1 met                                                                                                  and M = 1.1 

met 

               
Fig 2a. Tsk and w around WBGTcrit when w < 1.0                                  Fig 2b. Tsk around 

WBGTcrit when w = 1.0 
and M = 5.5 met                                                                                                    and M = 5.5 

met 
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Meanwhile, Tsk varied widely for a constant WBGTcrit at metabolic heat rate 
levels of 1.1 and 2.2 met. At these activity levels, the skin is completely wet 
owing to a large amount of sweat secretion that can be denoted as SWmax, 
which is given by Eq. (1)..  

SWmax, which appears in Eq. (1), was derived for average human subjects 
(Malchaire et al. 2000). Meanwhile, the WBGTcrit value was determined for 
weak human subjects instead of average human subjects (at WBGTcrit, 95% 
of human subjects are safe). To remove the discrepancy, the definition of 
SWmax given by Eq. (1) needed to be revised accordingly. Next, we fixed a 
provisional relationship between SWmax and M at WBGTcrit, as shown in Fig. 
3. Using the provisional SWmax, we plotted a graph similar to that shown in 
Fig. 1. Due to space limitations, we were unable to include the figure. 
However, when a smaller value of SWmax was used than that given by Eq. (1), 
the WBGTcrit was found to be closely related to Tsk even for low activity levels. 

Next, we present the results obtained for a transient state (S > 0). 
Hereinafter, we refer to the Tsk corresponding to the WBGTcrit as Tskcrit. By 
combining the heat balance equations for a human body and a natural wet 
bulb thermometer, WBGT equation, the equation for the evaporation 
efficiency of sweat given by η, and assumptions concerning sweat secretion 
(=SWmax), the relationship among Tskmax, w, and S is given by Eq. (3).  

 (3) 

where hc, hr, hc
′, and hr

′ are the convective and radiative heat transfer 
coefficients for a human body or a natural wet bulb thermometer [W/m2°C]; 
LR, the Lewis ratio [°C/kPa]; αsk, βsk, αw, and βw, the slopes [kPa/°C] and 
intercepts [kPa] of linear regression of saturated vapor pressure at Tsk or the 
natural wet bulb temperature; M, the metabolic heat rate [W/m2]; Pw

*, the 
saturated vapor pressure at the natural wet bulb temperature [kPa]; Pa, the 
environmental vapor pressure [kPa]; h* and he

*, the sensible and latent heat 
transfer coefficients between the skin and the environment [W/m2°C] or 
[W/m2kPa]; and W, the external work [W/m2]. 

From Eq. (3), the S for a human body at Tskcrit and a constant w is given by 
Eq. (4).  

 (4) 
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Because the WBGTcrit defined for S = 0 approximately corresponds to 
Tskcrit, (WBGT − WBGTcrit) also corresponds to the S for a human body at 
Tskcrit. Figure 4 shows the lines for constant S values (blue) for a human body 
at Tskcrit (=36.1 °C) along with constant WBGT lines (red) under the standard 
condition. For a moderate humidity environment, constant WBGT lines can be 
regarded as approximations of constant S lines. On the other hand, for 
relatively high or extremely low humidity environments, constant WBGT lines 
are not good approximations for constant S lines. 

CONCLUSION 

For a moderate humidity environment, the WBGT shows a good 
correspondence with the heat storage rate (S) of a human body for a human 
subject with an activity level between 1.1 and 5.5 met. However, the 
correspondence deteriorates for relatively high or extremely low humidity 
environments. 
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PREDICTION OF THERMAL RESPONSES USING MANIKIN 
DATA AND A HUMAN THERMAL MODEL: COMPARISON WITH 

OBSERVATIONS OBTAINED DURING A SUMMER FIELD 
TRIAL 

Daniela Z. Pavlinic, Eugene H. Wissler, Igor B. Mekjavic 

INTRODUCTION 

Thermal factors determine whether a given clothing ensemble is suitable 
for use under specified conditions. Although final approval of a particular 
ensemble may involve field trials, the need for such trials can be reduced by 
measuring the thermal properties of the garment on a heated manikin and 
then predicting human behavior using a mathematical human thermal model. 
While many laboratories are capable of measuring the properties of garments 
using manikins and several mathematical models exist, there have been only 
a few published comparisons of actual human behavior with model 
predictions.  The purpose of this paper is to present such a comparison for 
soldiers wearing a Slovene Armed Forces summer clothing ensemble during 
a 3-hour hike across a 160 m high ridge.  Values measured during the trial 
were: , skin and core temperatures, regional thermal fluxes, clothing 
temperature, and environmental conditions.  Subjective assessments of 
thermal comfort were made in post-trial evaluation.  

METHODS 

Field trials   

Physiological responses of nine male soldiers from the Slovene Armed 
Forces were measured during a 3-hour hike on two different days in the 
month of September, 2005 in Ankaran (Slovenia) located near the sea.  The 
12-km hike was performed in three stages, each of which nominally consisted 
of 50 minutes walking and 10 minutes of rest, although there were individual 
variations because subjects hiked at different speeds and rested briefly along 
the way.  Ambient conditions were: air temperature from 20.7 to 23.6 ºC, 
relative humidity from 60.6 to 74.8 %, wind velocity from 0.1 to 0.8 m/s, and 
radiant intensity from 30 to 280 W/m2.  The profile for the hike is shown in Fig. 
1. 
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Figure 1.  Altitude and average oxygen uptake (VO2) during 3-hour hike 

 

Physical characteristics of the subjects are summarized in the following table. 

Subjects  
Weight 

(kg) 
Height 
(cm) 

Age 
(years) 

Body fat 
(%) 

Skinfold 
thickness 

(mm) 

1 65.4 182.3 22 14.9 6.7 

2 76.0 182.0 25 22.6 13.7 

3 92.1 189.4 28 25.7 18.3 

4 87.1 185.6 23 26.0 18.7 

5 79.7 177.7 32 27.4 21.4 

 

Human thermal model 

The human thermal model uses 21 cylindrical elements to represent the 
human body, as illustrated in Fig. 2a.  Each major element is divided into 15 
cylindrical shells further divided into 12 sections as illustrated in Fig. 2b.  Six 
additional layers, each also divided into 12 sections, are used to represent 
clothing.  Temperature, metabolic rate, and blood perfusion rate are computed 
at 1.5 second intervals for each small region. 
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                    (a)   (b) 
Figure 2. (a) Human thermal model and (b) 12 angular nodes 

 

RESULTS  

 
Figure 3. Measured gastric temperature (●) and computed esophageal tempera-ture (○) for 
Subject DV.  
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Figure 4.  Measured chest (●), computed chest (○), measured thigh (▲), and computed thigh 
(∆) temperatures for Subject DV. 

CONCLUSIONS 

Agreement between predicted and actual behavior was reasonable, 
although there were significant differences which could be attributed both to 
deficiencies in the model and to difficulties inherent in conducting field trials of 
this kind.  Of particular were the large transient decreases in gastric 
temperature attributable to drinking cool beverages.  Nevertheless, computed 
core temperatures provided a good indication of the soldiers’ thermal state 
during the hike.  The model also indicated  that evaporative cooling was an 
important aspect of thermal regulation under theses conditions, which was 
consistent with results from the field trials. 
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TEMPORARY HEARING LOSS IN FERRY BOAT WORKERS 

E. Spyropoulos a, G. Athanassiou a 

 
 

Temporary hearing loss is one of the most common disabilities among 
sailors (1), while the noisiest space on board a ship is the engine room. The 
purpose of this study was to estimate the temporary hearing loss in workers in 
the engine room of a ferry boat and the time needed to fully restore their 
hearing. We hypothesized that hearing loss is more harmful in the crucial 
frequency of 4000Hz which lies into the range of the frequency of human 
communication.  

A total of 8 healthy men, aged 23 years old, otologically normal, were 
selected for this study. They were exposed to the sound environment for 
45min and followed two different procedures: They entered the engine room 
1. without using hearing protectors and 2. using hearing protectors. The 
volunteers had their ears examined three times (5, 15 and 30 min) after their 
exit from the engine room. 

It was found that the hearing of all volunteers was mostly affected at 
the sound frequency of 4000 Hz (diagram 1). The volunteers without hearing 
protectors lost 90% of their hearing ability 5min after their exit when used 
hearing protectors lost 82% (Diagram 2). Although the trip lasted only 15 min, 
all the volunteers lost a significant percentage of their hearing ability. 

 
 

  
Diagram 1: Mean audiometric 

examination of volunteers 5 and 
30 minutes after their exit from the 
engine room, without using hearing 
protectors. 

Diagram 2: Comparison of hearing loss 
after exit from the engine room, for all 
the volunteers either wearing hearing 
protectors or not, at frequency of 
4000Hz. t=τ, we have 50% restoration 
of hearing. 

 
 
1. Bohnker BK, Page JC, Rovig GW, Betts LS, Sack DM: Navy hearing 
conservation program: threshold shifts in enlisted personnel, 1995-1999. Milit. 
Med 2002: 167: 48-52. 
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THE EFFECTS OF MOTION SPEED IN THE SIT-TO-WALK 
ACTIVITY 

Nikos Kondilopoulos, Elissavet Rousanoglou & Konstantinos Boudolos 

INTRODUCTION 

Sit-to-Walk (STW) is one of the most crucial activities for independency 
in daily living, alongside with walking and stair ascending/descending. 
Research has been showed that a normal person rises from the seated 
position about 60 times per day in home and workplace environments (Dall & 
Kerr 2010). STW takes place naturally whenever an individual is seated and 
has to response to an internal or external stimulus (Hirschfeld 2007). In 
healthy subjects, it is performed with minimum conscious effort (Magnan et al 
1996) because the central nervous system learns the motor strategy from a 
very young age (McMillan & Scholz 2000). 

STW is a fluid combination of the Sit-to-Stand (STS) and Gait Initiation 
(GI) movements (Magnan et al 1996). Bibliographic data covers a wide range 
of aspects for both STS and GI, such as comparisons of different populations 
(Farquhar et al 2009) and measuring methods (Janssen 2008). Research has 
also aimed on different motor strategies by exploring the effects of motion 
speed (Bieryla et al 2009), full trunk flexion (Doorenbosch et al 1994), foot 
placement (Stevens et al 1989) and arms usage (Etnyre & Thomas 2007), 
from an ergonomic point of view. 

Up to this date, only a few studies have focused on STW, with an 
increase of interest in recent years (Åberg et al 2010). Data has already been 
collected for young and old subjects as well as patients with defective mobility 
(Buckley 2007, Frykberg 2010). However, these studies have focused mainly 
on the temporal characteristics of STW (total time and phase durations). Each 
author proposes a different method for phase recognition (Dehail et al 2007, 
Kerr et al 2004), making difficult to standardize the use of STW as a functional 
mobility evaluation procedure. Additionally, it appears that only a couple of 
studies investigated different strategies of STW (Kouta et al 2007) or used 
alternative measuring methods, such as inertial sensors, that provide cost and 
time effective 3D data. Inertial sensors are widely used in the fields of gait 
analysis (Takeda et al 2009) as well as in real time monitoring of fall risk 
(Nadales 2010). Thus, the aim of this study was to investigate the effects of 
motion speed in the STW activity and to provide normative data obtained by 
inertial sensors.  

METHODS 

Subjects 
Nineteen (19) young healthy male subjects (age 21.4 ± 2.7 y, weight 71.6 ± 
7.7 kg and height 174.5 ± 4.6 cm) signed an informed consent, completed a 
medical history questionnaire and underwent anthropometric and physical 
evaluation (Bloomfield et al 1995), prior to the final measurements.  
Instrumentation 
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Procedures took place in a laboratory environment specifically designed for 
this study. A backless and armless stool, with seat height varied according to 
the subjects’ shank length (43.1±1.1cm) was placed at the beginning of a 2 m 
long corridor. Four 3D ΜΤx inertial sensors (Xsens Technologies) were 
attached with Velcro straps, at the center of mass on each of the following 
body segments: HAT (head-arm-trunk), thigh, shank and foot, respectively 
(Takeda et al 2009). Data was collected through a wireless connection to a 
laptop at 50 Hz and underwent fusion algorithm calculations by the Matlab 
component of MT manager 1.6 (Xsens Technologies). 
Procedures  

Subjects seated on the stool, barefooted, with arms crossed in front of the 
chest (Magnan et al 1996). At the starting position, the hip, knee and ankle 
joint angle restrained to 90o. Subjects were ordered to execute the STW task 
after hearing the vocal command ‘GO’. A total of 2 trials were performed for 
each one of the following 2 conditions: A) Preferred speed condition (STWPS) 
and B) Fast speed condition (STWFS). The STWFS differed from the STWPS, 
by instructing the subjects to react as they were hurried to answer the phone, 
or to stop an activated alarm. A total number of 76 trials were collected (19 
subjects x 4 trials). 
Data analysis 

MT manager ASCII files were imported to a Microsoft Office Excel 2003 
worksheet (Microsoft Corporation) for further analysis. Raw peak values of 
linear acceleration and angular velocity were obtained in 3 dimensions, for 
each one of the four segments. Euler angles (roll, pitch and yaw) of each 
segment were also obtained (Kalman filtered-ready). Total STW time (ttotal) 
and four phases duration were calculated by the change of angular 
displacement, according to the procedure described by Dehail et al (2007). 
Statistical analysis was performed with SPSS v19 (IBM Corporation). 
Student’s t-test (p<.05) was used for comparisons between the two conditions 
(STWPS and STWFS). 

RESULTS 

No significant difference was found in Euler angles, except for the roll of the 
thigh and the roll and yaw of the shank (p<.05). All peak angular velocities 
and linear accelerations increased and all temporal variables decreased in the 
STWFS compared to the STWPS (p<.001). Results are summarized in Table 1. 

DISCUSSION 

This study is the first one to make use of inertial sensors to quantify the STW 
activity and data in line with the hypothesis that motion speed would increase 
velocity and acceleration. In addition, the range of values was comparable 
with previous studies. 

Temporal variables agree with other studies, except for extension’s 
phase duration, which was found 16.7% of ttotal, compared to 42.5% which 
was reported in a study with over aged subjects (Dehail et al 2007). Motor 
strategy, as it is described by angular displacements, has not been affected 
by motion speed, except for thigh’s and shank’s roll that describe an overall 



XIV INTERNATIONAL CONFERENCE ON ENVIRONMENTAL ERGONOMICS 
Stylianos Kounalakis ⋅ Maria Koskolou (Eds), Greece 2011 

 386 

increase in knee joint angle. Kouta et al (2007) attributed the increased knee 
joint angle as a motor control adaptation so that the knee is prepared for the 
swing phase in STWFS. In the same study, Kouta et al (2007) found no 
significant change in ankle joint angle between STWPS and STWFS, with 
values of 24o and 27o respectively.  

Table 1. Mean (standard deviation) of temporal and kinematical variables of the HAT, 
thigh, shank and foot and comparison between STWPS STWFS (|ω| angular velocity, |a| 
linear acceleration).  
Variables m.u. STWPS STWFS p 
t total 1.51 (.27) 1.13 (.25) .000 *** 
Phase 1: flexion .46 (.12) .37 (.10) .000 *** 
Phase 2: transition .27 (.15) .22 (.14) .000 *** 
Phase 3: extension .27 (.12) .13 (.09) .000 *** 
Phase 4: swing 

s 

.52 (.11) .41 (.14) .000 *** 
HAT 
Roll max 39.55 (10.27) 42.07 (7.94) .111 ns 
Pitch max 2.73 (4.50) 3.51 (2.97) .319 ns 
Yaw max 

deg 
10.69 (5.28) 13.48 (5.41) .133 ns 

|ω| max deg/s 106.09 (18.97) 142,96 (25.65) .000 *** 
|a| max m/s·s 15.18 (1.25) 17,47 (1.75) .000 *** 
t |ω| max 1.05 (.20) 0,82 (0.17) .000 *** 
t |a| max 

s 
.65 (.13) .53 (.11) .000 *** 

Thigh 
Roll max 50.61 (5.26) 44.69 (7.81) .011 * 
Pitch max 24.04 (9.10)  21.82 (7.30) .398 ns 
Yaw max 

deg 
15.37 (7.61)  15.10 (7.01) .901 ns 

|ω| max deg/s 145.01 (20.12) 181.61 (29.95) .000 *** 
|a| max m/s·s 15.30 (2.27) 21.81 (3.69) .000 *** 
t |ω| max .93 (.20) 0,70 (0.18) .000 *** 
t |a| max 

s 
1.03 (.22) 0.81 (0.19) .000 *** 

Shank 
Roll max 15.40 (6.15) 19.65 (6.04) .007 ** 
Pitch max 1.30 (1.78) 2.35 (2.42) .051 ns 
Yaw max 

deg 
6.71 (2.84) 9.15 (3.68) .022 * 

|ω| max deg/s 215.75 (47.29) 308.33 (103.56) .000 *** 
|a| max m/s·s 17.45 (3.51) 26.10 (5.20) .000 *** 
t |ω| max 1.33 (.24) .97 (.23) .000 *** 
t |a| max 

s 
1.04 (.20) .76 (.17) .000 *** 

Foot 
Roll max 18.53 (4.22) 19,73 (5,80) .301 ns 
Pitch max 11.84 (5.93) 13,53 (6,12) .221 ns 
Yaw max 

deg 
6.01 (3.83) 6,96 (5,33) .534 ns 

|ω| max deg/s 233.40 (49.84) 344,67 (80,99) .000 *** 
|a| max m/s·s 22.71 (6.59) 35,54 (13,61) .000 *** 
t |ω| max 1.16 (.24) .85 (.18) .000 *** 
t |a| max 

s 
1.20 (.25) .85 (.18) .000 *** 

ns not significant difference, * p<.05, ** p<.01, *** p<.001 

This was also confirmed in the present study, as it is described by 18o 
foot’s roll in STWPS and 19o in STWFS (ns). Åberg et al (2010) have reported 
peak medio-lateral accelerations of 1.284 m/s2 in the elderly. In the present 
study we found mean peak value of 1.542 m/s2, for young individuals. Takeda 
et al (2009) reported values of raw anterior-posterior acceleration of the thigh 
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(7.5m/s2) and shank (15m/s2) during gait, which is in agreement with the 
respective values of 8.3 and 15.1m/s2 of the present study. 

Inertial sensors have the potential to reveal delicate movements, such as 
rotations of trunk and hip in the initial phase of STW that could otherwise be 
ignored. Indeed, the initial STW phase is named ‘trunk flexion phase’ creating 
a false impression that there is no other movement is taking place (Kerr et al 
2004). It appears that inertial sensors can be safely used as an additional 
method for evaluating STW (Janssen 2008). However, possible caution 
should be taken for sources of data collection error such as false alignment, 
gravity affection and ferromagnetic instruments distortion (De Vries et al 
2009). 

In conclusion, the present study provided normative data for STW 
concerning young healthy subjects, which could be used as a reference in 
STW rehabilitation programs. Motor strategy didn’t alter in the STWFS, except 
for the knee angle. Angular velocities and linear accelerations were increased 
up to 36% (p<.05). Large accelerations in ageing populations, after-surgery 
patients or subjects with defective mobility could lead to a fall (Åberg et al 
2010). Future studies should focus on finding a STW strategy with the 
minimum possible accelerations.  
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COLD SENSITIVITY IN WINDSURFERS 

Clare Eglin 

INTRODUCTION 

Non-freezing cold injury (NFCI) is caused by prolonged exposure to cold 
and often wet conditions without tissue freezing occurring (Francis & Golden 
1985). One of the symptoms of NFCI is cold sensitivity, which can be present 
many years after the original injury, and is characterised by a pronounced 
vasoconstrictor response to a mild cold challenge (Oakley 2005). The 
“normal” uninjured response to a cold sensitivity test (CST) varies and may be 
related to an individuals’ previous cold exposure (Oakley & Lloyd 1990). 
Individuals undertaking water sports such as windsurfing in the UK will be 
intermittently exposed to cold wet conditions as the average sea temperature 
off the south coast is approximately 18°C in the summer and 7°C in the 
winter.  

The aim of this study was to compare the responses of non-cold exposed 
individuals and windsurfers to a CST. It was hypothesised that the windsurfers 
would show a slower rate of skin temperature rewarming compared to the 
uninjured controls.  

METHODS 

The protocol was approved by a local ethics committee. Eighteen healthy, 
physically active, Caucasian men with no previous history of cold injury, 
peripheral vascular disease or diabetes gave their informed written consent to 
participate in the study. Nine participants were windsurfers  (age 20 ± 1.1 y; 
stature 1.82 ± 0.05 m; body mass 77 ± 6 kg) and nine participants had little or 
no previous experience of cold water immersion or exposure (Control group; 
age 20 ± 1.0 y; stature 1.83 ± 0.07 m; body mass 81 ± 18 kg). The 
participants were all non-smokers at the time of the trial and refrained from 
strenuous exercise, caffeine and alcohol ingestion 24 hr prior to testing. 

The participants, wearing shorts and T-shirt, entered a climatic chamber at 
30°C, removed their socks and shoes and sat resting for 20 min following 
which they undertook 10 min stepping onto a bench 20 cm high at a rate of 21 
steps.min-1. For the CST, the participants lay on a couch and placed their right 
foot in a plastic bag and immersed it to the level of the mid-malleoli for 2 min 
in stirred water at 15°C. The foot was then taken out of the water, the bag 
removed and the participant remained resting in a recumbent position for a 
further 10 min. During the CST the participants were allowed to read but 
auditory stimuli were kept to a minimum. 

Skin temperature (Tsk) was measured on the right Great toe pad using a 
skin thermistor lightly attached with a small piece of adhesive tape. Tsk was 
recorded prior to immersion, during immersion, immediately after removal 
from the water and for the 10 min rewarming period using a data logger (1200 
series, Grants Instruments, Cambridge). The position of the feet was kept 
constant except during the immersion phase of the CST when the right knee 
was bent and the foot lowered into water. Cold sensitivity was graded based 
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on the Tsk prior to immersion and at 5 min rewarming according to the criteria 
used at the Institute of Naval Medicine Cold Injuries Clinic (Eglin et al. 2005). 

Tsk data were compared between groups before immersion and at 5 and 10 
min of rewarming. Pre-immersion data, rate of Tsk cooling (pre-immersion to 
end of immersion) and rate of Tsk rewarming (end of immersion to 5 min 
rewarm) were normally distributed and analysed using a one-way ANOVA; 
rewarming data were not normally distributed  and analysed using a Mann 
Whitney U test. Significance was taken at the 5% level. 

RESULTS 

Tsk was lower in the windsurfers compared to the control group prior to 
immersion (F=18.072, P=0.001), at 5 min (z=-2.958, P=0.003) and 10 min 
(z=2.523, P=0.012) of rewarming (Figure 1). The rate of Tsk cooling was 
similar between groups (Control: 4.81 ± 0.94 °C.min-1; windsurfers 4.27 ± 0.74 
°C.min-1; P>0.05) however the rate of rewarming was faster in the Control 
group (control: 1.99 ± 0.16 °C.min-1; windsurfers 1.50 ± 0.39 °C.min-1; 
F=12.087, P=0.003).  

Using the skin temperature obtained prior to immersion and that 5 min after 
immersion, the cold sensitivity grading for each subject was determined (Eglin 
et al. 2005). In the Control group, six participants were classified as normal, 
one as mild and two as having moderate cold sensitivity. None of the 
windsurfers were classified as normal. One was borderline, four were 
moderate, two were moderate-severe and two were classified with severe 
cold sensitivity. 

 
Figure 1. Mean skin temperature of the Great toe pad for the Control (n=9) 
and Windsurfer (n=9) groups during a cold sensitivity test. The arrow indicates 
when the foot was immersed in water at 15°C. 

DISCUSSION 

The windsurfers had a colder Tsk prior to the CST and were slower to 
rewarm over the first five minutes post-immersion indicating that repeated 
cold exposure results in chronically reduced Tsk and increased cold sensitivity. 
As a consequence, none of the windsurfers were classified as having a 
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“normal” response to the CST. It is interesting to note that even in the fairly 
homogeneous Control group – young, male, Caucasians with little previous 
experience of cold exposure – three participants were classified as having 
mild to moderate cold sensitivity. Rochelle & Horvath (1978) also reported that 
toe Tsk in surfers was lower than non-surfers at rest, however in contrast, 
during head-out immersion in water at 19°C the surfers maintained a higher 
toe Tsk. This difference in toe Tsk response of windsurfers and surfers 
compared to controls probably reflects the very different cold challenges they 
were exposed to.  

The rate of Tsk cooling was similar between the Control and Windsurfer 
groups, indicating that the vasoconstrictor response to the cold challenge was 
not altered. This is in contrast to primary Raynaud’s phenomenon where the 
sympathetic vasoconstrictor response to cooling is augmented (Bakst et al. 
2008). 

The lower Tsk prior to the CST and the slower rate of rewarming indicates 
that vasodilation was attenuated or vasoconstriction augmented in the 
Windsurfers compared to the Control group. Given the conditions prior to the 
CST aimed to reduce any central vasoconstrictor drive by elevating core 
temperature slightly (Eglin et al. 2005), it is suggested that  this difference in 
vasodilatory capacity is peripheral in nature. 

In conclusion, the lower skin temperature observed in the windsurfers 
during the CST may reflect a lower vasodilatory tone, which could be an 
insulative adaptation to reduce heat loss during their repeated cold exposures 
(Young et al. 1986) or, alternatively, indicate sub-clinical NFCI. 
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