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Preface

It is a pleasure to present to you the proceedings of the Fifth International Conference on Environmental
Ergonomics. This series of conferences is organized in turn by individual scientists as a service to the
scientific community. The preceding meetings were held in:

First Bristol, UK, 1984

Second Whistler (BC), Canada, 1986
Third Helsinki, Finland, 1988
Fourth Austin (TX), USA, 1990

The fust meeting was actually a workshop which had limited attendance, but there the enthusiasm was
raised to address a larger group. At the second meeting the name Environmental Ergonomics was
introduced, which has proven to be a satisfactory denominator for the various topics treated. Actually, the
name is so well chosen that ergonomists working in related areas feel at home as well.

This series of conferences has gained a stable interest over the last 8 years and has developed to the
leading platform for applied thermal physiology. Some related topics are covered more extensively
elsewhere, however. These include hyperbaric research (Undersea Biomedical conferences), altitude
research (Mountain Medicine, Aerospace Medicine), indoor air and comfort (ASHRAE, Indoor Air), air
quality (Industrial Hygiene). Other topics are shared protective clothing is covered here and also by
special clothing conferences (ASTM, ad hoc conferences) and thermoregulation also by the IUPS
satellites on thermoregulation. As our central theme is ergonomics, related to environmental factors, it
would be desirable to develop step by step to the multidisciplinary forum that ergonomics pretends to be.

It was attempted to use the current meeting to establish a closer scientific contact with the clothing and
textile industry, but that attempt was not a complete success. Most information is provided by the
laboratories and the industrial companies are in general reluctant to engage in a scientific discussion. For
a healthy basis of Environmental Ergonomics research it will be necessary to continue the effort to
cooperate with the industry and see our knowledge incorporated in useful products.

This is the first Environmental Ergonomics conference for which the papers were formally reviewed
before acceptance in the book of proceedings. Two independent reviewers gave their comments and
nearly all authors have used the comments to enhance their paper, also those whose papers were
acceptable already. A couple of papers were withdrawn. The organizers are greatly indebted to the
organizing committee members and to Hein Daanen for their effort in the refereeing procedure.

Another task the committee members and several other contact persons have accomplished is the local
distribution of the announcements and the updating of the address list. By this method the administrative
work for the organizers was strongly reduced and the success of the conference has become really a
collective rather than an individual achievement. In this place we would like to thank also Els AM. van
Amerongen for her secretarial support and Sylvia Candido of YCB-VVV in Maastricht for her help on
location in Maastricht. Finally, we would like to thank the TNO-organization for the time and use of
facilities that we stole to do the organization.

Soesterberg, October 11992,

Wouter A. Lotens
George Havenith
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Program/Contents

Sunday night. November 1 (University, het Kruithuis)

20:00 - 22:00 Welcome reception and registration

Mondav moming (University Aula)

8:00 Registration desk open
9:00 Opening Of conference
Session I: Individual heat strain
Chairman: W.L. Ksnney
Co-chairman: S.D.Livingstone

Keynote address:

9:10 Individual characteristics and response to heat stress page 2
Kenney, W.L., Zappe, D.H., and Bell, G.W.

Communications;

9:50 Variability of body temperature response to standardized stress conditions page 4
Livingstone, S.D., Nolan, RW., and Ksefe, AA.

10:05 Inter-individual variations in physiological response to exercise while page 6
wearing protective garments
Bergh, U., and Danielsson, U.

1020 The effects of age and fitness on heart rate and body heat storage during page 8
work in a warm, humid climate
Havenith, G., Inoue, Y., and Kenney, W.L.

Coffee break
Session Iz Heat strain control
Chairman: R. Ilmarinen
Co-chairman: J. Smolander
Communications:
11:00 Heat strain during shipboard fire fighting: skin and core temperature page 12
convergence

Bennett, B.L., Hagan, R.D., Banta, G.R., and Williarus, F.W.

11:15 Heart rate, core temperature, and stroke volume as indicators of volitional page 14
fatigue during exercise in the heat.
Heaney, J.H., Buono, M.J., Wilmore, K.M., and Banta, G.R.
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11:30

11:45

12:00
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The heat tolerance after an acute heat illness - a follow up study among
military conscripts

Lmdholm, H., llmarinen, R., Viljanen, A.,, Laakkonen, A., Lmdholm,
T., and Kemppainen, R.

Moving between hot dry and warm humid climates
Griefahn, B., Schwarzenau, P., and Brade, P.

Lunch break

Mondav afternoon (University Aula)

Session II: Sensation
Chairman: N.A.S. Taylor
Co-chairman: R.L. Barker

Communications:

14:00

14:15

1430

1445

15:00

15:15

Perception of the thermal state of the body and skin temperatures of
sedentary humans exposed to uniform indoor climates with different
clothing ensembles

Grivel, F., Herrmana, C., Candas, V., and Hoeft, A.

Measurement of perceived comfort properties of double knits
Hong, K., and Jung, S-K.

Comfort properties of single layer aramid workwear fabrics
Barker, R.L., Shalev, I., An, S.K,, and Scruggs, B.

Thermal sensation and affect during work in the cold
Maw, GJ., Boutcher, S.H. and Taylor, N.A.S.

The thermal discomfort of wearing ballistic vests
Vrijkotte, T.G.M., Lotens, W.A., and Wammes, L.J.A.

Clothing effect on thermal sensations; Evaluation by transients modelling
Thellier, F., Serin, G., Monchoux, F., and Cordier, A.

Tea break
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Session Iz Various equipment
chairman: 3. Aim
Co-chairman: E.A. Goodfellow

Communications:

16:00

16:15

16:30

16:45

Environmental issues in the aircraft passenger cabin
Edwards, M., and Edwards, E.

An in-ear active noise reduction device
Goodfellow. E.A.

Determination of clothing comfort properties with the sweating thermal
manikin
Meinander, H.

Evaluation of an infra-red tympanic thermometer during cold water
immersion and rewarming
Mekjavic, I.B., Sun,J., Lua, V., and Giesbrecht, G.

Monday night (University Aula)

20:00

20:00

20:25

2050

Management aspects (for interested only)
Chairman: I. Holmér

Environmental Ergonomics: Future developments
Parsons, K_.C.

Legal use of personal protective equipment and assessments of risk
Thomas, N.

Quality of contract research
Lotens, W.A.
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uesday morning (University Aula)

Session Iz Cold
Chairman: P.O. Granberg
Co-chairman: |. Holmér

Tutorial:

8:30 Cold physiology and cold injury
Granberg, P-0

Communications:
9:10 The effect of body composition on rewarming from immersion
hypothermia

Giesbrecht, G.G., and Bristow, G.K.

9:25 The effect of warming upon core temperature responses to a subsequent
cold water immersion
Windle, CM., and Tipton, M.J.

9:40 Cooling of finger pad touching different material surfaces
Chen, F., Nilsson, H.O., and Holmér, I.

9:55 Individual differences in cold acclimatization of fingers
Rissanen, S, Rintamiki, H., Hassi, J., Smolander, J., and Laapio, H.
Coffee break
Session TI: Clothing heat transfer
Chairman: E.A. McCullough
Co-chairman: R. Nielsen
Communications:
1040  Effect of wind and body movements on clothing insulation = measurement
with a moveable thermal manikin

Holmér, 1., Gavhed, D.C.E., Grahn, S,, and Nilsson, H.O.

10:55 A data base for determining the effect of walking on clothing insulation
McCullough, E.A., and Hong, S.

11:10 Convection in clothing air layers
Danielsson, U.

11:25 Impact of drying of wet clothing on human heat loss
Nielsen, R., Toftum, J., and Madsen, T.L.

11:40 A comprehensive clothing ensemble heat and vapour transfer model
Lotens, W.A., and Havenith, G.
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Influence of ambient humidity on moisture absorbtion and the calculation
of evaporative heat transfer in winter clothing
Gavhed, D.C.E., Nilsson, H.O., Grahn, S., and Halméz, 1.

Lunch break

Tuesday afternoon (Hotel Maastricht)

Parallel session 1'V-A Models
Cbairman: J. Werner

Communications:

14:00

i4:15

Control processes in the human thermoregulatory system: analysis by
simulation
Yermakova, .

A modified equation for the calculation of solar heat load in man
Blazejczyk, K., Nilsson, H.O_.and Holmér, 1.

An evaluation of therroal environments also for non-specialists
Alfano, G., d’Ambrosio, F.R., and Riccio, G.

Parallel session 1'V-A Heat strain control

Chairman: S.AA. Nunneley

Communications:

14:30

14:45

Evaluation of a test drill for the assessment of the firefighters’ work
ability

Louhevaara, V., Lusa, S., Soukainen, J., Tulppo, M., Tuomi, P. and
Kajaste, T.

Heat strain in fire-fightingdrills
llmarinen, R., and Makinen, H.

Methods of minimising heat stress during military operations
Millard, CE.

Efficacy of 3 protective clothing in very severe hot environment
Aptel, M., and Candas, V.
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Thermal strain in F-18 pilots during sustained chemical defence
operations
Frim, J., Heslegrave, R., Bossi, L., and Popplow, J.

Effect of protective helmets on body temperature and psychomotor
performance

Rodahl, K., Bjerkluad, RA., Kulsrud, A-H., Kliwer, L.D., and Guthe,
T.

Heat stress management: An industrial perspective
Kielblock, J.

Tea and start poster discussion

Tuesday afternoon (Hotel Maastricht

Parallel session 1V-B Thermoregulation
Chairman: V. Candas

Communications:

1400

1415

Metabolic heat production in the finger
Tikuisis, P., and Ducharme, M.B.

Synchronizationof cold induced vasodilation in the fingers
Daanen, H.A.M., and Lotens, W.A.

Do clothing and climate affect oxygen consumption?
Moran, D., Epstein, Y., and Shapiro, Y.

Influence of angiotensin blockade during exercise in the heat in normoten-
sive males and females
Mittleman, K., Anthony, A., and Pravenzale, D.

Parallel session 1V-B: Age
Chairman: w.L. Kenney

Communications:

14:30

Effects of age and sex differences on physiological responses during
exercise in different ambient temperatures
Tsuzuki, K., Tochihara, Y., and Craka, T.

Thermal responses of children during immersion of their legs in a hot

water bath
Tochihara, Y., Oraka, T., and Watanabe, Y.
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1445 Body temperatures and thermal sensations in young and old people during
outdoor exercise in the four seasons
Ohnaka, T., Tochihara, Y., and Tsuzuki, K.

The influence of air velocity on the elderly in the summer
Encmoto, H., Kubo, H., Isoda, N., and Yanase, T.

15:00 Finger circulation in younger and older men during prolonged exercise in
different thermal conditions
Smolander, J. Korhonen, O., and Pyykks, .

1515 Tea and start poster discussion

Wednesdav mornin niversity Aula

8:30 Session V' Body heat transfer and models
Chairman: P. Webb
Co-chairman: P. Tikuisis

Keynote address:

8:30 Modelling of heat transfer
Thisis, P.

Communications:

9:10 Convective and metabolic heat in human upper limbs during thermal
stress in water
Ducharme, M.B., and Tikuisis, P.

9:25 Insulation versus counter-current heat savings
Raman, E.R.
9:40 The thermal effect of blood flow in a branching countercurrent network

Brinck, H., and Werner, J.

9:55 Coffee break

Session V' Body heat transfer and models (continued)
Chairman: P. Tikuisis
Co-chairman: P. Webb

10:30 Human Head Cooling: Mechanisms and Modelling
Nunneley, S, A., and Nelson, D.A.
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1045 Heat storage and body temperature during cooling and rewarming
Webb, P.

11:00 Validation of a six cylinder thermoregulatory model
Werner, J., and Webb, P.

11:15 Prediction of sweat rate during intermittent exposure to heat
Malchaire, J.B.

11:30 MENEX - The Man-Environment heat exchange model and its
applicationsin bioclimatology
Blazejczyk, K.

11:45 Contact between human skin and hot surfaces equivalent contact

temperature (chq)
Parsons, K.C.

Wednesday afternoon
12:00 Session VI: Lunch and conference tour
Lunch and guided tour of the ancient city of Maastricht and the marl caves of the St.

Pietersberg
This excursionwas generously sponsored hy W.L. Gore & Associates

Thursday morning (Hotel Maastricht)

8:30 Session VII: Technology of Protection
Chairman: J. Sawicki
Co-chairman: B. Farnworth

Keynote address:
8:30 Materials and clothing design
Famworth, B.

Communications;

9:10 Water vapour permeable buoyant insulation
Uglene, W., and Famworth, B.

925 Qualification of fire fighters' protective clothing
Heus, R., Wammes, L.J.A., and Lotens, W.A.

9:40 Developmentand evaluation of clothing for slaughterhouseworkers
Nielsen, R., and Toftum, J.
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11:10

11:25

11:40
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Strategies for walking on low-fiction surfaces
Llezwellyn, M.GA., and Nevola, V.R.

Coffee break

Session VII: Technology of Protection (continued)
Chairman: B. Famworth
Co-chairman: J. Sawicki

The effects of textile materials in protective clothing against pesticide vis-

a-vis sweat rates
Yamashita, Y., Hayashi, C., Imamura, R., and Tokura, H.

The effects of military use on synthetic-fibresleeping bags
Millard, C.E.

How safe is the clothing worn by electrical workers? Measuring the TPP
of clothing exposed to electric arcs
King, M\W., Menziss, RW., Dirks, E., Chen, R., and Guidoin, R.

The effects of rich oxygen and high density on ignitability of some
materials under hyperbaric diving condition
Zheng, J.C.,Boie, H., and Tiemaan, A.

Infantry Protection fran Flame, Nuclear, Chemical and Laser Threats
Sawicki, J., Krasnecky, D., Warrell, A., and Moyer, R.

12:00 Lunch break

Thursday afternoon (Hotsl Maastricht)

14:00

Parallel session VIII-A: Clothirg
Chairman: I. Hoimér

Communications:

14:00

14:15

Porous biaxially drawn UHMW-PE ilms
Fortuin, H.M.

Vapour resistance of textiles: visualization and measurement
Berger, X_, Sari, H., and Schneider, M.

Effect of step rate on clothing insulation-measurement with a moveable
thermal manikin
Nilsson, H.O., Gavhed, D.C.E., and Holmér, |.

Condensation in clothing
Danielsson, U., and Bergh U.
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Parallel Session VIII-A: Equipment and methods
Chairman: 1.B. Mekjavic

Communications;

1430

1445

1500

15:08

The effects of cooling garments during moderate work load in a warm
environment
Hunold, S., Hexamer, M., and Werner, J.

Thermal and physiological assessment of a liquid cooling garment
Xu, X, and Yuan, X.

Integrated noise reduction headsets
Goodfellow, E.A.

A Volumetric-pump type respiratory simulator
Morariu, G.1.

Effects of prolonged water contact on the thermal insulation of cold
weather footwear
Endrusick, T.L.

Tea and start poster discussion

Thursdav afternoon (Hotel dMaastacht)
14.00 Parallel Session VIII-B: Cold

Chairman: Y. Tochihara

Communications;

14:00

1415

1430

Cold protection of head by light and heavy headgear
Anttonen, H., Niskanen, J., and Rintaméki, H.

Variation in the protection against cold in the food industry
Mikinen, H.

Thermal balance of divers during simulated cold water dives in an at-
mospheric diving suit
Mekjavic, I.B., Morariu, G.1.

Effects of the thermal conditions of the dressing room and bathroom on
physiological responses during bathing

Kanda, K., Tochihara, Y., Onaka, T., Tuzuki, K, Shodai, Y., Seto,
M., Ota, K. and Tsuchiya, J.

Amount of subcutaneous fat modifies the cooling induced changes in mus-

cular-performance
Oksa,J., Rintamiki, H., and Makinen, T.
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Bortkiewicz, A, Makowiec-Dabrowska, T., Jozwiak, Z., Gruchala, J.,
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Gadzicka, E.

Effects of nitrogen narcosis and hypercapnia on memory
Fothergill, D.M., Hedges, D, and Morrison, J.B.

Respiratory responses of hyperthermic subjects
House, J.R., and Holmes, C.

Tea and start poster discussion

Thursday night (University dining room)

20;00

Conference dinner

Friday moming (Hotel Maastricht)

8:30

Tutorial:

8:30

Session IX: Thermoregulation
Chairman: M. Cabanac
Co-chairman: H. Tokura

Selective brain cooling in humans; fancy or fact?
Cabanac, M.

Communications:

9:10

The effect of clothing on thermoregulationand seasonal cold acclimation
Tokura, H., Jeong, W.S._ and Li, X.
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hyperthermic humans
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1040

1055

11:10

11:25
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