b

.

NASA TECHNICAL TRANSLATION NASA TT F-11,580
@ THE EFFECTS OF RADIANT HEAT ON VARIOUS

~ REGIONS OF THE HUMAN BODY

= V. WYSS

2

Translation of: Sugli effetti del calore radiante su
regioni diverse del corpo umano
IN: Medicina del Lanoro, Vol. 56, No. 4, pp. 293-303, 1965

N68-267172

g (ACCESSION NUMBER) (THRY)

3 /2

g (PAGES) (CODE)

E C2-049F5 |

g (NASA CR OR TMX OR AD NUMBER) (CATEGORY) 7/

GPO PRICE $ \

CFSTI PRICE(S) $ ‘ |

|
|
Hard copy (HC) 3 0 0 F

Microfiche (MF)

ff 653 July 65

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 NAY 1968




THE EFFECTS OF RADIANT HEAT ON VARIOUS
REGIONS OF THE HUMAN BODY?

Part I: Time Sequence of Perspiration and Skin
Temperature in Various Regions of the Body Ex-

posed to Infrared Radiation, and Especially Ac-
climated and Unacclimated Subjects.

V. Wyss
Department of Human Physiology, University of Turin

ABSTRACT: In considering the effeets of rad-
tant heat on man, the author has investigated
the time sequence in which perspiration appears
on the face and on equal surface areas of the
thorax and abdomen, in subjects acelimated and
unacclimated to locally applied infrared heat.
The heat source was an electric heater (with
a metal coil) at a temperature of 1040-1060°C,
the incident thermal flux being equal to 0.044
cal
em2/sec °
face to the heat through a window of adjust-
able dimensions, imn a shield cooled by cire-
ulating water; this shield protected the rest
of the body from the heat. In unacclimated sub-
jeets, perspiration began to appear after an
exposure of 180 sec, first on the abdomen and
thorax and then on the face; the skin temper-
ature was lower on the face then in the other
two regiomns. In acclimated subgjects, perspira-
tion first appeared on the face (after 15-30
sec exposure), then on the abdomen and finally
on the thorax, the skin temperature rising in
the same order. The topographical order of
appearance of perspiration, the lack of depen-
dence of skin temperature on the appearance
of perspiration, and the differences of times
of perspiration are discussed; it is suggested
that in addition to peripheral reflex mechan-
isms, perspiration may also be connected with
central mechanisms which need not necessarily
involve the anterior hypothalamus.

The subjects exposed the chosen sur-
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Numerous experiments have been performed in the past which /293%
indicate that the acclimation of man to elevated ambient temperatures
and to intense caloric irradiation consists primarily in the ability
to secrete a larger amount of perspiration [1-5], in addition to
a gradual adaptation of the circulatory system [6-7], and an increase
in the volume of circulatory blood and hypertrophy of the perspira-
tion glands [8].

On the other hand, we do not know whether acclimated subjects
also possess a more rapid and effective nervous regulation of perspir-
ation. Moreover, the nerve mechanisms which are normally involved
in the regulation of perspiration are still not understood completely.
According to Seckendorf, Randall, et al. [9, 10], the secretion
of perspiration is caused by a spinal reflex mechanism stimulated
by specific receptors distinect from those which are thermosensitive
[10-12], with successive development of the process of perspiration
being governed by the hypothalamus [10]. On the other hand, accord-
ing to Benzinger [13, 14], the thermal receptor cutaneous impulses
are of secondary importance, and the perspiration is due primarily
to the temperature of the hypothalamus or the blood which circulates
through it.

With regard to the method of perspiration production, it has
been observed in the past by Randall et al. [9, 10, 15-17] that
when the organism is exposed to an elevated ambient temperature,
perspiration is not produced at the same rate over the entire surface
of the body [18, 19], but occurs first on the back of the foot and
then in other areas in this order: the calves, trunk, forearms,
and finally the face.

Since it had been shown that infrared radiation is also suf-
ficient to stimulate perspiration [18], we decided to study the
time of appearance of perspiration on the face and on egual surface
areas of the thorax and abdomen, exposed to intense infrared radi-
ation, in subjects not habitually exposed to elevated temperatures
and in subjects acclimated either to elevated ambient temperatures
or to intense infrared radiation, after years habitually spent working
in steel mills. The problem is of particular significance in the
field of industrial physioclogy, with particular emphasis on the
metal working industry where exposure to elevated ambient temper-
atures or to localized infrared radiation are common.

Experimental Method /294

The experiments were performed on 13 healthy male subjects
aged from 32-43, who are not acclimated, and on 11 healthy male
subjects aged from 30-45, who had been exposed daily for 8-10 years

® Numbers in the margin indicate pagination in the foreign text.




(as employees in a hot-rolling mill for producing sheet steel) to
infrared radiation from the surface of the metal at 1000-1100° C,

at ambient temperatures up to 50-52°
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Fig. 1. Emission Spectrum of Infra-

red Radiation from the Heater (Ab-
sorbed in a Blackbody). The Ratio
Between the Area ABCD and the Total

The heat source employed
in the experiments was an
electric heater made of
six coils of tungsten steel,
35 cm long; the wire itself
was 3 mm in diameter, and
the diameter of each spiral
was 30 mm. The heater was
kept at a temperature of
1040-1060° C by means of
a special regulating pyrom-
eter,

In Figure 1, showing
the heat absorbed by a
blackbody, we have plot-
ted the quantity of radiant

Area Between the Curve of the Axis
of the Abscissa and the Extreme Or-
dinate Indicates that 26% of the
Radiant Energy Emitted by the
Source has a Wavelength Between

0.8 and 2.2 yu.

energy emitted per second
from 1 cm? of the source,

as a function of the wave-
length between 0 and 5 u for
a temperature of approx- :
imately 1060° C.

The ratio of the area ABCD to the total area between the curve
of the axis of the abscissa and the extreme ordinate indicates that
26% of the radiant energy emitted by the source has a wavelength
between 0.8 and 2.2 u. The cutaneous absorption for wavelengths
between 0.3 and 4.0 u, in the case of white skin, is 60-70% [20].

The caloric flux was measured by a calorimetric method.

The measurements were made by exposing a metal cube, measuring
10 cm on an edge, at a distance of 1.2 meters from the radiant source.
The face of the cube which was turned toward the source was black-
ened, while the remaining forces were polished and coated with an
insulating material; the cube was filled with 1000 cc of distilled
water. The temperature variation undergone by the water follow-
ing exposure to the heat for intervals of 30, 60, and 90 minutes
was determined. In order to measure the quantity of heat radiated
by the cube, we also measured the variations occurring during periods
of time which were equal to and immediately followed periods of
exposure.

The measurements were made under the same conditions as the
experiments, with the same climatic conditions being maintained:
t = 26.5° C, humidity equals 46%. This was done to avoid any possi-
ble external influence.
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cal
cm2/sec
the average value from a series of 144 measurements.

The caloric flux was found to be 0.04Y4 , obtained as

During the experiment, the subjects were placed 1.20 m from
the source, behind a shield fitted with a window and equipped with
constantly circulating water. The subject exposed the region to
be irradiated by placing it against the window (whose dimensions
could be varied), while the rest of his body remained completely
protected. To measure the quantity of heat intercepted by the face
of the subject, we calculated the projection of the surface of the
face on a plane normal to the caloric radiation. To do this, we
measured the surface area of a shadow cast by the subject's head,
from the vertex up to a transverse plane passing through the level
of the upper edge of the thyroid cartilage, behind which was placed
a light source with a parallel beam. Regulating the size of the
window in the shield made it possible to irradiate equal areas of
the thorax and abdomen.

The skin temperature was measured with a copper-constantan
thermocouple, fitted with a handle and precalibrated with a precis-
ion mercury thermometer. Production of perspiration was detected
by observing the moment when grains of dry methylene blue, finely
pulverized and applied to the skin by means of a piece of trans-
parent tape, were melted by perspiration, causing a small blue spot
to appear. The simplicity and high speed of this system led us
to choose it in preference to other methods.

The experiments were performed in a laboratory kept at a temp-
erature between 24 and 26°, with humidity between 45 and 55%, and
in the absence of any air currents (except those generated by the
infrared source).

Two tests were performed on all the subjects (or more, if the
results were very different) for all the regions indicated, allow-
ing at least four to five days to pass between tests in order to
avoid any accommodation phenomena.

The oral temperature was also monitored during the measure-
ments.

Results

The results of the study are listed in Tables 1, 2 and 3 and
shown in Figures 2, 3 and 4. All of the values in the tables are
the averages of results of two or more tests made on the same subject.
The graphs in the figures were plotted from average data on individ-
ual subjects. An examination of the experimental data shows that
in unacclimated subjects, perspiration appeared after about 180
sec of exposure, slightly earlier on the thorax (170 * 54 sec) and
on the abdomen (145 * 44 sec) then on the face (196 + 48 sec). With
increased skin temperature, perspiration appeared on the thorax




(42.7 1.26) and abdomen (42.7 * 1.,28° C) earlier than on the face
(40.7 0.64° C). In the acclimated subjects, on the other hand,
perspiration appeared somewhat earlier on the face (48 * 23.2 sec)

than on the abdomen (69 * 57 sec) or on the thorax (145 + 50 sec),

corresponding to skin temperatures of 38.3 * 1.67° C on the face,
38.4 = 2.5° C on the abdomen, and 41.2 #* 1.22° C on the thorax.

+
+

From the moment when perspiration first appeared, the skin
temperature was kept constant for the entire remainder of the expo-
sure; in the unacclimated subjects, it was kept at a level 1-1.5°
C higher than for the acclimated subjects, while the sensation of
local heat was noticeably subdued in all subjects. After the termi-
nation of exposure, the skin temperature diminished rapidly; after
two minutes, the acclimated subjects showed stabilization of the
temperature of the irradiated zone at a level which was 1° C lower
on the average then was the case in the unacclimated subjects, while
perspiration ceased when the irradiation was terminated.

TABLE 1. SKIN TEMPERATURE OF THE FACE AND EXPOSURE TIME PRIOR TO
APPEARANCE OF PERSPIRATION IN SUBJECTS

- _'t.'
) Unacclimated l
L . ) oo . t
: ) j rradiated: Initialll Temp at . .. Iburation of exposure
i SUbJECtS‘ surface temp. which PErs A in oC A - prior to appearance
et em2 "piration | .. in_sec
- - gecurs  OC -
WLV, [0 108 338 419 8. 239
R.A. (0] 394 49 0.8 59 16.9
B.G. [0} 379 ) 1.0 6.9 20.2
AR. m 390 319 40,0 s 146
G.B. ) 3R3 347 40.1 s4 15.8
VW, (S o 40s kRS 4 - 403 6.4 18.8
MG ¢y 394 37 . WO 6.3 18,7
C.G. 397 3L M3 1.8 20
C.A. ) . 318 35 © 40 5.9 168
C.A (R 403 B8} - 404 4.8 13.4
SE. (&) 205 34.0. 41,8 1.5 2.1
AL s kY B} 40.% 6,0 173
ES. o au7 3.4 403 6.9 203 .
" Average 3= [ s 030 | 407060 ] 63 098 | w53 S S
Acclimated
B S (| Temp.at e S == ~
. Irradiated Initial 1. . Y T Duration of exposure
Subjects surfce 1 temp. . pmichPesiain o [ A% |0 o appearance
R R . __,_C.-,l gccurs °¥I i .10 sec .
GG ) 9 kYRS 39 1.5 30 ‘ '
DL.A. () 0K 7 6.5 19.0 % :
CE. [} 408, 0.2 6.0 17.8 [
GA. o 377 102 6.0 17.8 60
P.R. “r K3 a2 N 1.7 0
TT. ) 39 EYR kR 11.5 K0
P.L. © 107 8.9 4.4 127 0
A.G. ©y 38T 351 1.0 t29 15
G.R. & 390 6.7 17 a8 25
E.C. & 03 IR9 49 144 70
RP. ©) 93 w4 34 129 60
" Average 03 10.4 W3 L6TY 42 36 | 12450 8-232

'

(1) Average of 4 tests.
(2) Average of 3 tests. ’ !
(3) Average of 2 tests.

In all of the subjects, regardless of the area irradiated,
the oral temperature showed an appreciable increase after five or
six minutes; after eight minutes, this increase remained at an aver-
age of 0.16° C, with extremes of 0.1° C and 0.22° C.
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Discussion

Production of perspiration occurs in unacclimated subjects

at various times,
from the source is kept

constant,

depending on the region irradiated.

If the flux

since the temperature increase

of the skin in the individual regions prior to initiation of perspir-
ation is not proportional to the difference of the times required

for perspiration, and since the latter remained practically con-
stant during the experiment and are equal for all the regions consid-

ered and for all the subjects studied,

and
one

the
the circulation.

TABLE 2.

the heat loss by conduction
by radiation as well as the dissipation of heat varied from

region to another prior to production of perspiration due to
influence of "perspiratio insensibilis'" and by convection by

/297

SKIN TEMPERATURE OF THE THORAX AND EXPOSURE TIME PRIOR TO

APPEARANCE OF PERSPIRATION IN SUBJECTS

|
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(1) Average of 3 tests.
{2) Average of 2 tests.

On the other hand,

thorax and abdomen,
and the perspiratio
the
the
the
the

burning sensation

ol so

( since the absolute and percentual increase
in the initial temperature for perspiration production occurred
more slowly at the level of the forehead than at the levels of the

there was a different
reported by the subjects;

face and successively greater on the thorax

it could be concluded that the circulatory flow

insensibilis occurred sooner and more intensely
forehead then in the other regions.

With this difference
temperature increase,

degree of intensity
it was least
and abdomen.



These results indicate that the vasomotor processes and those of
perspiration production show different behavior depending on the
area, and that the vasodilation produced by infrared radiation can
precede the occurrence of perspiration. Since the difference between
the times of the occurrence of perspiration in the three regions

is less than "1 o¢", the average values of the time required for
perspiration to occur can be listed in the order: abdomen, thorax,
and face, i.e., the order previously given by Randall [15-17]; we
could then confirm the existence of a mechanism of circulatory regu- /298
lation and perspiration regulation which acts in different ways

on the trunk and face [21]. However, it was not possible with these
subjects to determine whether perspiration was caused by spinal
reflexes alone or whether it was governed by central impulses, in
which case the oral temperature would be 1-2 tenths greater than

the initial temperature at the moment when perspiration was pro-
duced.

TABLE 3. ABDOMINAL SKIN TEMPERATUREsAND EXPOSURE TIME PRIOR TO PER-

SPIRATION PRODUCTION IN SUBJECTS

Unacclimated '

r = _ ,_T—_T: e Temp.at |! - . A;.‘ﬁ_ki:__: P
. 5 rradiated] Initial 1,,;,_I-_L R i :
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L L I — Y
{1) Average of 4 tests. ! . — J
(2) Average of 3 tests. ..
(3) Average of 2 tests. . - >

A comparison of the data for the unacclimated subjects and
that for the acclimated subjects shows the extremes which can be
observed for phenomena which vary the nature of the response to
thermal stimuli.

In acclimated subjects, the production of perspiration always
occurs much earlier (P 0.01) and occurs in an order (face, abdomen,




thorax) which is different from that for unacclimated subjects.

This fact shows that in the acclimated subjects, the dispersion

of heat by means of visible perspiration occurs sooner, in addition

to the "perspiratio insensibilis", and reduces the quota of thermal
energy carried to other parts of the organism by the circulatory

system, thus keeping the skin at a lower temperature than that found

in unacclimated subjects. On the other hand, once perspiration has /299
begun, there are no differences between the two groups, due to the
fact that the temperature of the irradiated skin remains the same
from the moment when perspiration begins and all through the period
of irradiation, thus indicating that the capacity for local disper-
sion of heat (via evaporation, reflection,and circulatory convec-
tion) is equal for all the groups, being equal to the quantity of
incident heat in all cases.

It is important that in the case of acclimated subjects, the
perspiration is produced in each subject after 15-30 sec follow-
ing the start of irradiation, i.e., in a time which is too short
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Fig. 2. Change in Average Values (and Sigma Variation) of the Fore-

head Temperature During and After Infrared Irradiation of the Face

(Thermoflux at the Skin: 0.0LU —~E§i——) in Unacclimated Subjects
cm2/sec

(Upper Line) and Acclimated Subjects (Lower Line). The Crosses

"+" and the "x"'s Indicate the Individual Average Values of the

Production Times and the Forehead Temperature at the Time When Per-

spiration Begins, Respectively, in Unacclimated Subjects (Average

Value for all Subjects Indicated by Upper Arrow) and in Acclimated

Subjects (Average Value of all Subjects Indicated by Lower Arrow).




to produce an increase in central temperature. In these cases,

it would appear less likely that the determining factor in pers-
piration would be only the temperature increase of the bloed which
circulates at the level of the hypothalamus [14], but rather that

it must involve the additional participation of some other mechan-

ism, either peripheral in the sense of the spinal reflex [9] or /300
central, but different from the increase in the temperature at the
hypothalamic region. By comparing the average values of skin temper-
ature at the moment when perspiration begins, the values for the
increases which are noted, and those for the perspiration times

as listed for similar regions in the two groups of subjects, signif-
icant statistical differences can be found only in the case of the
face, even though perspiration is generally produced earlier and

at a lower temperature if! the acclimated subjects than in the unaccli-
mated ones, in regions other than the face.

. . R ,
during exposure| - after ‘exposure | |
Fig. 3. Change in Average Values (and Sigma Variation) of Thoracic
Temperature During and After Infrared Irradiation of the Thorax
(Thermo-flux on the Skin: 0.044 __SEL__) in Unacclimated Subjects
cm2/sec
(Upper Line) and Acclimated Subjects (Lower Line). The Crosses '"+"

and "x"'s Indicate the Individual Average Values for the Time of
Occurrence of Perspiration and the Skin Temperature at the Moment
When Perspiration Begins, Respectively, for Unacclimated Subjects
(Average Value for all Subjects Indicated by Upper Arrow) and Ac-
climated Subjects (Average Value of all Subjects Indicated by Lower
Arrow).




Hence, the result is that in each case the perspiration may
differ from one area to the next, and can vary in different ways
depending on the region, following repeated exposure to local thermal
stimuli; this is an additional phenomenon besides those already /301
noted with respect to acclimation.
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' during exposure! after exposure |
Fig. 4, Change in Average Values (and Sigma Variation) of Abdom-
inal Temperature During and After Infrared Radiation of the Abdomen
(Thermoflux on Skin: 0.04u ——%él——) in Unacclimated Subjects (Upper
cm?2/sec
Line) and Acclimated Subjects (Lower Line). The Crosses "+" and

LA} |

x" 's Indicate the Individual Average Values of the Time of Pers-
piration and the Temperature of the Skin at the Moment When Perspir-
ation Begins, Respectively, in Unacclimated Subjects (Average Value
for all Subjects Shown by Upper Arrow) and Acclimated Subjects (Aver-
age Value for all Subjects Shown by Lower Arrow).

The higher value of the skin temperature in the region exposed
during irradiation in the unacclimated subjects, moreover, can explain
the occurrence of a greater intensity of subjective sensation of
burning as expressed by the unacclimated subjects versus the accli-
mated ones. The manner in which the greater resistance of the latter
to exXposure to intense temperatures increases, can be attributed
more to variation of the threshold of sensitivity to burning pain
and to reduce stimulation of the thermal receptive nerve endings
in the skin.
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