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ABSTRACT

The effect of hypobaric hypoxia on the relation of regional sweating to
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body temperature rxse\(?frsﬁgg)j\;as studied in four men and four women

(follicular phase of menstrual cycle) who exercised at 40 and 60% of their

; altitude specific peak aerobxc power at 770Torr (sea level), 552 Torr (2596m), . i
b Zetig 46 . iy Aoy, s Vi ot
v and 428 Torr (4575m) in 20°C or 30°C for’ 35 minutes. Tes andms at the chest
~
! (C), arm (A) and thigh (T) were measured continuously from dew point sensors .

attached to the skin. No gender differences were found in either the sensitivity

(slope) or the threshold of theM‘ for any site during any combination of

T Y
.

exercise intensity, altitude or envnronmental temperature. In all expenmental
rodey foa oo AtTue a
conditions, the mean T@s\threshold for the lmtnatxon of A (36.79C) sweating was
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higher (P <0.05) than C (6. 5°C) or T (36. 5¢C) The mean slopes of the s Tes
A
relationships for the three regional sites during the exercise-temperature
combinations decreased with increasing altitude. Our data indicate that there
, , . o A L
are peripheral components active in the reglonal\rﬂ3t~'£e§ relationship that occur

AN
in hypobaric hypoxia. Enhanced body cooling as a response to the higher

evaporative capacity of the environment may be a component of these peripheral

differences occurring in hypobaric hypoxia.. 3
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In hypobaric environments, the thermal capacity (the product of density
and specific heat) of a unit volume of a gas mixture decreases under normal
environmental temperatures. Theoretically, the same rate of total body sweat

evaporation would cause a lower whole body skin wettedness ((ratio of

- evaporation from the skin (Egyk) to maximum evaporative capacity (Epqax)) at
- high altitude compared to sea level. The enhanced Emax of the hypobaric

t ) environment (16) is due to an increase in the mass transfer coefficient for a
: 5 given effective air movement. The resultant effects on local sweating rate
;56 have not been studied to any extent.

t In natives unacclimated to altitude, chronic altitude exposure (3800m)

resulted in an upward threshold displacement of the core temperature for

initiation of the total body sweat loss responses with no effect on the sensitivity

of the sweating to core temperature relationship (17). During simulated altitude

exposure (2000 and 4000m), it was concluded that whole body sweating was
higher with increasing altitude when subjects exercised -at the same absolute
exercise intensity (7). To date, the relationship between local sweating and core
temperature has not been investigated during acute altitude exposure.

In the present study, we examined the effect of acute moderate and high
altitude exposure on the transient response of the local sweating (m s to
esophageal temperature (Teg) relationship. A modification of a central nervous
system component would be indicated by an offset change in the esophageal
temperature threshold for thermoregulatory sweating. Alternately, a peripheral
modification (at the sweat gland site) would be demonstrated by therinal
sensitivity (slope) changes in the relationship between n s:Tag for a given

constant skin teinperature.
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METHODS ;
Eight subjects (4 men, 4 women) participated in the experiments after giving

their informed consent. The subjects had an average ( + SD) age of 26 + 4 yr,

e R

weight of 71.1 + 7.9 kg, and Dubois surface area of 1.82 + 0.13 mz. All subjects

were accustomed to exercise and measurement routines. Female subjects were

tested during the follicular phase (days 1-9) of the menstrual cycle to control for
thermoregulatory differences that occur between the follicular and luteal phases
(21). Subjects exercised in a semi-supine position behind a modified cycle

ergometer. We determined peak aerobic power v O3 peak) for each subject in

this position as described previously (12). Separate maximal exercise tests were
made at 770 Torr (sea level), 552 Torr (2596m), and 428 Torr (4575m) in a

hypobaric chamber (ambient temperature = 24°C, dew-point temperature =

- TR

10°9C). Oxygen consumption by standard open circuit techniques was measured

on-line with a Hewlett-Packard (HP) computer modified for hypobaric

ST
O ST

. / . 3 ) .
environments. The VO; peak was defined as the maximal oxygen uptake which
occurred when increases in workload did not produce a subsequent increase in

\702. The mean ( + SD) sea level VO 2 peak was 2.92 (.68) l-min'l, 2.63 (.56)

1

temin ! for 552 Torr, and 2.36 (.46) I*min” " at 428 Torr. The order of sea level

and altitude VO3 peak tests was randomized, and subjects were not informed of

3 .

S the altitude during testing.
i- Experimental Procedures

'

E' Subjects reported to the hypobaric chamber between G300 and 1230h after
3
a light breakfast. Each subject was tested at the same time ot day for all

8 exposures to control for the circadian variation in heat loss responses. (20).

1
.

<
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They were dressed in shorts, socks, shoes and 1007 cotton surgical scrub shirts.

Submaximal exercise was performed by each subject a total of twelve times in
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the semi-supine position at 40 and 60% of their individual altitude specific \702
peak at sea level, 552 Torr and 428 Torr at two environmental temperatures
(20°C and 30°C; Tdp = 109C). The exercise intensities were 47 + 15 and 101 + 30

W at sea level, 44 + 10 and 95 + 21 W at 552 Torr, and 40 + 10 and 84 + 18 W at

PUNE Y W Y )

423 Torr. The order of conditions was randomized, and total time at any altitude

during an experiinent was less than 1.25h.

Subjects rested for 10 minutes after preparation and equilibrated to the
specific environmental temperature before 35 minutes of semi-supine cycle
exercise at the prescribed altitude and exercise intensity. Continuous
measurements of esophageal (Tgg), mean weighted skin temperature (T g) from
eight sites (15), and local sweating rate (m ) from the upper arin, chest and
thigh (6) were recorded on a HP85 computer. Oxygen consuinption was evaluated ‘
at rest and during steady-state exercise (last 15 minutes). Total body sweating

rate was evaluated from changes in body weight corrected for convective and

evaporative heat loss from the respiratory tract (5,9).

Statistical Analysis

[ ]
The period of the rapid increase in ing was deterrnined, and a regression

RNt

L]
[ equation of the m4:Teg relationship was calculated for eacn subject during cach
E:' experimental treatinent. The Tyag threshold for the initiation of sweating (i.e.,
. evaporation above that owing to sxin diffusion) was determined as the
q . < -2 e S .
[— temperature when mg increased above 0.95 mngectn “rmun . This was the Tq at
h.“ . -2 -
;t whici the regression line intersected the ing 0of 2.05 mgrcin “+min 1.
p .
F. A four-way analysis of variance was parforned (subject by temperature by
[~ . A . :
b altitude by exercise intensity) using the slopes and thresholds of the ing:iT,g
L .
[
- relationships. Post-hoc tests (Tukey) were performed whenever a significant F
<
P
[
¢
3
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L ratio appeared (P <0.05). Data in the Results section are presented as means +

- SD. ‘

p |

2 RESULTS

.. f
No gender differences were found in either the sensitivity (slope) or the . -
threshold of the m:Teg relationship for any skin site during any combination of
exercise intensity, altitude and environmental temperature. Slope and Teg Onset

:i data for chest sweating are shown in Tables | and 2 for the male and female

g subjects. There was no discernable transient period that could be analyzed for

:. either slope or Teg threshold in the 40%/20°C (% W0 peak/T,) condition due to

i the low sweating response resulting from the low core and skin temperatures in

>- those experiments. These data will not be presented.

t In all cases, the Teg threshold for arm sweating was higher (mean = 0.179°C,

P <0.05) than either that for the chest or the thigh, and there was a lower

(P <0.05) slope for the chest compared to the arm and thigh (Tables 3 and 4).
The Teg threshold for regulatory sweating was higher (P <0.05) during the

609%/20°C condition than 60°/30°C and 40%/30°C at all altitudes, and the slope

of the relationships (in s:Teg) for the 60%/200C treatment at all altitudes was
lower (P <0.05) than for 40v6/30°C (Tables 3 and 4).
The slopes (thermal sensitivity) of ”.‘s‘Tes for all exercise and

environmental conditions for sea level, inoderate and high altitude are shown in

BRI |7 75 55 B L)

Table 3 for the three sites measured. These values are the inean of the eight

subjects and illustrate the decreased sensitivity of the mn s:Tag relationship a
evident at increased altitude. Sensitivity of chest sweating was depressed an _:

average of 33% (P <0.05) at moderate altitude and 42°% (P <0.05) at high
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altitude. Arm and thigh sensitivity were reduced an average of 43 and 23%

(P <0.05) respectively at moderate altitude and &4 and 309 (P <0.05) at high
altitude. This observation is more clearly demonstrated in Figure 1 in which the
chest “"sﬂ'es relationship during the 60%/300C treatment is compared across
altitudes for a representative subject. In general, the suppression of the slope of
”."szTes relationship with increasing altitude was not affected by the site of
sweating measurement (Table 3). There was no significant effect of decreased
barometric pressure on the Teg thresholds for the onset of regulatory sweating
for any site where measured (Table 4). Whole body sweating rates during
exercise were not different at sea level, moderate, and high altitude (Table 5).
However, whole body sweating was greater at 60%/30°C exercise than the other
two combinations. This was consistent across all altitudes.

Mean skin temperature did not differ with increasing altitude for any
given combination of exercise intensity and environmental temnperature (Table
6). Local skin temperature (Tg )for the three skin locations near the dew-point
sensors are shown in Table 7. The only differences seen in Ts,| are those
resulting from the different constant ambient temperatures, and no effect of
altitude is evident (Table 7).

DISCUSSION

The lowered air density with increasing altitude would theoretically result
in greater skin diffusion and zreater evaporation, therefore we controlled the
workload at each altitude so that core temperature would rise to a similar level
at each altitude (Table 8) allowing us to compare directly the effect of altitude

LJ
on peripieral sweating due to the norinal decrease in VO, peak with increasing

altitude. This investigation demonstrates a suppression in the sensitivity of the

(YT d LT+
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relationship of local sweating rate to core temperature at both moderate and
L high altitude. This suppression in sweating sensitivity was not statistically
p different at 428 Torr and 552 Torr.

" Greenleaf and colleagues (7) demonstrated an increase in whole body
:_‘: sweat loss at altitude in subjects exercising at the same absolute exercise

intensity as sea level. However, these subjects exercised at a much higher
percentage of their altitude-specific (4000m) \702 max (approximately 65
compared to 45% at sea level), which possibly contributed to a larger dermand
for heat loss by evaporation and skin blood flow. In the present study, the total
water loss during acute exercise was unchanged at both moderate and high

altitude due to consistent relative work intensities across altitude. This carlier

study (7) did not allude to depressed sensitivity at altitude perhaps due to the use i

of absolute versus relative exercise intensity and owing to the fact that the ~

-

continuous measurement of local sweating is a more precise technique compared K

_ '

to body weight changes for evaluation of thermoregulatory control of sweating i

by

responses. 1

No upward shift in the core temperature threshold for sweating onset was .

1 "
! observed in the present study. Thus, our results are not consistent with any

E' central nervous system alteration in the control of sweating during exercise in :

W acute hypobaric hypoxic exposure. Such a shift was described during exercise .

.- =

- after chronic altitude exposure (17). However, tae subjects in the previous study i‘

¢ =

E:- may have been dehydrated as a result of the chronic altitude exposure (11) which .

3 K

.- could account for tie upward tnreshold displacement or delay in heat dissipation K

4 rechanisims previously demonstrated in dehydrated ravoits (23). i

. kel

: K

} »

p - N

3 'l

\ “

S “

L R

b. N

-- !

h 1

l el T e T e e i e e S

Sl




s A e Bin RS an S oy A 2 o 8 4 "R SRt e Sl VAR - Ak e sl T b <h S R Sel o8 B B A IS i Sl chil Ll Sl Aal i S L A e Lo ‘il A Sl Sl i A A R Al i A n"'."(‘]

- —— . . ———— -

~

In our study the onset of arm sweating was delayed as coinpared to more

cem mimaa.a s

centrally located sites, which confirms earlier observations during cycle

ergometer exercise (13). The temperature of the arm (T 3) adjacent to the dew

e _m—

point sensor (Table 7) was lower than at the chest or thigh, which would

account for the delayed onset of sweating (1,2,4,13). Arm sweating was

consistently delayed among individuals and this delay occured at all altitudes and
ambient t;arr{peratures.

The depressed sensitivity (gain) in the rr.\S:Tes relationship ineasured froin
the chest compared to the more peripheral locations evaluated in our study does
not agree with other observations (14) in which a higher gain and a lower onset
Tes temperature occurred in the chest rr.15: Teg relationsnip. However, subjects

in the present study wore surgical scrub shirts and were scated in a chair behind

ot A it B s ¢ MEERA S €5 _t_0_ ar .celm———

the ergometer, thereby creating a different local environinent at the chest,
which may have influenced the local evaporative heat transfer at eaciv site (5,3).
The micro-environment at the chest (under a layer of cloth) had a higher water
vapor pressure than at the thigh, which was manifested in the different local skin
wettedness and heat transfer coefficients at the two sites. Local chest
wettedness (0.72 at 4575m), measured with an unventilated dew point sensor, was
approximately 40% higher than thigh (0.50) and arm (0.52) skin wettedness as

deterimined by independent measurements of skin saturation pressure td ambient

]

water pressure differences (10).

w
- -

The sensitivity suppression of local sweating to esophageal temperature
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during acute exposure to inoderate and iigh altitude appears to be 4 result of

T ey
P f

peripheral inechanisins. This modification may be caused by local s<in

influences, physical influences, and/or biochernical changes at the level of the

’

sweat gland, or changes in the liquid-vapor interfaces within the skin itself. The

local skin influences on the peripheral sweating mechanisin are well documented
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and have been discussed in great detail (1,2,4,13). In this study, mean skin as
well as local skin temperatures were constant with increasing altitude,
confirming that skin temperature is affected primarily by the ambient
temperature (14,22), and is invariant with changes in altitude. We measured Ty
at both 209 and 30°C and the Teg thresnold for initiation of sweating wus higher
in the 209C environment than the 309C environment at each combination of
exercise a.nd.altitude (Table 4); thus, ambient temperature affects |r'15:T,35 at
moderate and high altitude in the same way as described for sea level
environments (14). At altitude, the evaporative power of the environinent is
enhanced (5,16) with ensuing increased skin diffusion, which alinost doubles at
5000m (3). Therefore, greater passive heat dissipation via insensible evaporative
heat loss results in a depressed need for sweating. We have demonstrated at the
same core temperature, a lower local sweating rate at moderate and nigh
altitude of all skin sites examined, consistent across exercise intensity and
ambient temperature indicating that these pnysical influences at altitude affect
peripheral heat loss.

Following arterial occlusion, suppressed sweating is observed at a local
skin site (4). It has been suggested that this effect is caused by a lower oxygen ‘
tension resulting in a decreased synthesis of transmitter substance, (i.e.,
acetylcnoline). When physostigmine, an anticholinesterase, was administered in
coibination with arterial occlusion, the suppression of sweating did not occur.
At an altitude of 4575m, arterial oxygen saturation is dcprgssed, but probably
not to levels induced by arterial occlusion. If local sweat gland activity was
depressed solely by hvpoxic intluence, the gain of the local 1;15: [ag relationship
would be reduced, and core temperature would reach a nigher steady-state level

due to cornpromised evaporative heat loss. The results of our study do not
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clearly support a local hypoxic inhibition of sweating; however, we cannot
readily compare the environment of the individual sweat gland in the two studies
except to the extent that arterial occlusion is a larger hypoxic stress than
exercise in hypobaric hypoxia.

The present study has two major limitations: (a) the temperature of the
skin area directly under the dew-point capsule was not measured, temperature
was measured adjacent to the capsule; and (b) the skin temperature of the areas
around the dew-point sensors was not maintained at a constant level, so as to
completely standardize the local temperature iinpact upon the sweating
response. Skin temperature decreases as evaporation occurs; however, during
the periods of transient analysis, both mean skin and local skin temperature were
constant with increasing altitude.

In summary, there were no changes in the esophageal temperature for the

onset of regulatory sweating with acute moderate and high altitude exposure; ~

however, depressed sensitivity of the local sweating to esophageal temperature
relationship was apparent at both moderate and high altitude with no difference
in suppression between altitudes. The data indicate that there are peripheral
components in this relationship. These peripheral elements may be physical
influences, biochemical changes at the sweat gland or changes in the liquid-vapor
interfaces within the skin itself resulting in reduced input for thermoregulatory
sweating. The difference in the physical environment at high altitude inay
adequately explain the thermoregulatory responses which were observed in this
study, or there may be a direct hypoxic influence at the sweat gland, but this is
less important in hypobaric hypoxia than during arterial occlusion as previously

demonstrated (2).

A

- -

WIRSNIVEN PSR LRI



" =¥

ACKNOWLEDGEMENTS

The authors thank L. Drolet, W. Holden, G. Sexton, T. Doherty, Dr. R.

Larsen and Dr. K. Pandolf for their efforts on this study.

The views, opinions, and/or findings contained in this report are those of
the authors ard should not be construed as official Department of the Army
position, policy, or decision, unless so designated by other official
documentation. Human subjects participated in these studies after giving their
informed voluntary consent. Investigators adhered to AR 70-25 and USAMRDC

Regulation 70- 25 on Use of Volunteers in Research.

Approved for public release; distribution unlimited.

.
RS, TR

. | ORI

N )




g i 2 aon 2 el i e g ma e ceas e ana e oas ahiC st At acack aca et i ask MG R AC D B M i T SR A ST R S R R S

11

REFERENCES

1. Bullard, R.W., M.R. Banerjee, and B.A. Macintyre. The role of the skin in

negative feedback regulation of eccrine sweating. Intern. J.  Bioclimatol.

Biometerol. 11: 93-104, 1967,

A LML - ]

2. Bullard, R.W., M.R. Banerjee, F. Chen, R. Elizondo and B.A. Macintyre.

v Ty

Skin temperature and thermoregulatory sweating: a control systems approach.
In:  Physiological and Behavioral Temperature Regulation. Springfield, IL.:

Thomas, 1970, Chapter 40.

Eilandn s sas MBS

3. Cena, K., R.R. Gonzalez and J.R. Sutton. A model for investization of
evaporétive heat losses of man at rest and during exercise at high altitude.
Proc. 2nd Int. Hypoxia Symposium, Banff, Alberta, 1981 abstr. In: Hypoxia:

Man at Altitude, Thieme-Stratton, Inc., 1982, p.234

4. Elizondo, R.S. Local control of eccrine sweat gland function. Fed. Proc. ::I
¢ 32: 1583-1587, 1973. i
r !
L.
3
g 5. Gagge, A.P. Partitional caloriinetry in the desert. In: Physiological -
. .
3 Adaptations: Desert and Mountain , NY: Acadernic Press, 1972, 23-51, i
{ :
-
L .
f- 6. Graichen, H., R. Rascati, and rR.R. Gonzalez. Autornatic dew point
¢
i tenperature sensor. J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 52: {
L -
t 1653-1660, 19382.
b
4
3
L.
g !
3 :
Pt T S T T T A e R e T s e




bl SN A MM AAMCAREEME RAN- a0 et el ir-aegr ik~ ai A~ mivadi™ odintydiae i g i aare e gttt S M BEialb e Jiat i el Sk Bt ity A ) Eatiin Y AN PR A A A A i |

.
..
-
"y
4
-

wnm s

12

7. Greenleaf, J.E., C.J. Greenleaf, D.H. Card and B. Saltin. Exercise-
temperature regulation in man during acute exposure to simulated altitude. 3J.

Appl. Physiol. 26: 290-296, 1969.

LRI S Y SRS SR

8.  Gonzalez, R.R., K.B. Pandolf, and A.P. Gagge. Heat acclimation and

decline in sweating during humidity transients. J. Appl. Physiol. 36: 4#19-425,

1974. 3

|
9. Gonzalez, R.R., L.A. Stephenson, W.L. Holden and M.A. Kolka. i
Respiratory heat loss at altitude: Effect of {02 peak. Fed. Proc. 42: 907, 1984 )
(Abstract). J
10. Gonzalez, R.R., and K. Cena. Evaluation of vapor permeation through .

garments during exercise. J. Appl. Physiol. 58: 000-000, 1985 (in press).

11. Hannon, J.P.,, K.S.K. Chinn, and J.L. Shields. Alterations in serum and

extracellular electrolytes during high altitude exposure. J. Appl. Physiol. 31:

266-273, 1971.

s a1 JSEERMC E P £ F_ " .%a

12.  Mohsenin, V. and R.R. Gonzalez. Tissue pressure and plasma oncotic
pressure during exercise. J. Appl. Physiol.: Respirat. CEnviron. Exercise

Physiol. 56: 102-108, 1934,

13, Nadel, E.R.,, J.W. Mitchell, B. Saltin and J.A.J. Stolwijk. Peripheral

modifications to the central drive for sweating. J. Appl. Physiol. 31t 323-333,

1971,




. P T R T T T e T T T T TR T 5 = e TS W W TR T N e e T e WL L ® . e w o wm me e - oo

13

14. Nielson, B. Regulation of body temperature and heat dissipation at

N different levels of energy and heat production in man. Acta Physiol. Scand. 68:
i‘ 215-227, 1966.

-

.

15. Nishi, Y. and A.P. Gagge. Direct evaluation of convective heat transfer

coefficient by naphthalene sublimation. J. Appl. Physiol. 29: 830-338, 1970.

16. Nishi, Y. and A.P. Gagge. Effective temperature scale useful for hypo-and

hyperbaric environments. Aviat. Space Environ. Med. 43: 97- 107, 1977.
17. Raynaud, J., J-P Martineard and J. Durand. Upward shifting of the central
temperature in adaptation to chronic heat and high altitude. Proc. Int. Symp.

Thermal Biol. Pecaz, Hungary, 1930, 285-287.

18. Saltin, B. and L. Hermansen. Esophageal, rectal and rnuscle temperature

during exercise. J. Appl. Physiol. 21:1757-1762, 1966.

19. Saltin, B., A.P. Gagge, and J.A.J. Stolwijk. Body temperatures and i
sweating during thermal transients caused by exercise. J. Appl. Physiol. 28: .
318-327, 1970.
| .
¢ {
p 4

20. Stephenson, L.A., C.B. Wenger, 3.H. O'Donovan and L.R. Nadel. Circadian

rhythin in sweating and cutaneous blood flow. An. J. Physiol. 246: R321-R324,

1984,

.......




PELJEPG ol e ana ienal a-ut ates il el ob T T Camir i ahis acha o oAl sl midr~ ain - LAl i oflardta S b At din i v otiar g lage . byt but et el Satt Sl Ael BaiCielh 3

1%

21. Stephenson, L.A., and M.A. Kolka. Menstrual cycle phase and tiine of day
alter the reference signal controlling arm blood flow and sweating. Am. J.

# Physiol. (In press).

22. Stolwijk, J.A.J., B. Saltin, and A.P. Gagge. Physiological factors

associated with sweating during exercise. Aerospace Med. 39: 1101-1105, 1968.

; 23. Turlejska-Stelmasiak, E. The influence of dehydration on heat dissipation

mechanisms in the rabbit. J. Physiol (Paris) 68: 5-15, 1974,

WA/ A e S S

Y XLy Y

............................
..............

S IR I SR A At St
0
o

....................

N .
A R A T T . S




Lo ) e

Liae o Padidientih
.

MG 9™ MR

p

v w v
O M acdiniaien e

v

'-‘.'l' L]

-
. -

= e, Al At S RO

o A ety B Mt M 3

B A B Ja um e an b Gu e S ke adhe" 4 T T T Y AT Y T YW VIV N LW W W oW W _Fo% v w0 W - TNy M i) - o

Table 1. Mean * (SD) slopes of chest m:Teg for the male and female subjects at the
combinations of altitude, temperature and exercise intensity combinations.

Py 770 Torr 552 Torr 428 Torr

\.029 Ta

60%, 200C

Males .82(.36) .55(.15) .57(.23)

Females .93(.19) J2(.24) .51(.09)

40%, 30°C

APRARFE WS TS

Males 1.23(.83) .33(.53) .60(.23)

Females 1.25(.60) 31(.24) 74(.36)

60, 200C

Males 1.00(.42) .65(.26) .62(.28)

Females 1.07(.46) .69(.32) .58(.20)
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Table 2. Mean (* SD) esophageal temperatures for chest sweating for tie male and
female subjects at all altitude, temperature, and exercisc intensity combinations.

= Pp . 770 Torr 552 Torr 428 Torr
'- V02, T4

b

:

‘,:C:'_ 606, 200C

Male 36.5(.2) 36.7(.4) 36.6(.3)

Female 36.8(.1) 36.8(.2) 36.7(.1)

40%, 30°C

Male 36.4(.4) 36.4(.1) 36.5(.3)
Female 36.5(.2) 36.8(.1) 36.6(.1)
60%, 30°C

Male 36.3(.5) 36.3(.4) 36.40.4)

Female 36.7(.2) 36.6(.2) 36.4(.1)
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Table 5. Whole body sweating (g-min'l) for eight

subjects at sea level, moderate and high altitude.
]

Pp 770 Torr 552 Torr 428 Torr
Y 1
wZa Ta 3
603%, 200C 6.1 (2.0) 5.3(2.1) 6.5(1.8) i
409, 30°C 6.3(1.3) 6.0(1.3) 6.4(1.8) 1
60%, 30°C 10.1(2.5) 11.1(3.0) 9.4(1.9)

VYalues are mean £ SD. ?
d
3
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Table 3. Mean (£ SD) esophageal temperature at rest and durinyg steady state

exercise for the eight subjects.
;
')
,
- Rest :
::; . 770 Torr 552 Torr 428 Torr f:
: A Wz, Ta .
x
200C/60% 36.5(.2) 36.7(.3) 36.5(.2) ) ?
! .
8 E
300C/40v% 36.7(.2) 36.6(.2) 36.5(.2) g
2
< s '
d 3009¢C/60% 36.8(.2) 36.7(.2) 36.5(.2) ]
: Steadv-State
{
Eﬂ 770 Torr 552 Torr 428 Torr :
: 4
3 209C/60%% 37.1(.3) 37.2(.3) 37.1(.2) K
§ i
F 300C/40% 37.0(.2) 37.0(.2) 37.0(.2) ‘
3 g
1 300C/60% 37.3(.2) 37.3(.2) 37.1(.3) R
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FIGURE LEGENDS

Figure 1. Chest sweating plotted against esophageal temperature during 60%

VO, peak exercise at 309C at three altitudes for a representative subject.
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