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ABSTRACT

We studied the effects of netted shirts upon thermoregulatory responses
at warm (34°C) and radiated (electrical heater of 300W) environments.
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Three females, aged 21—24 yrs, served as subjects. Physiological varia-
bles such as rectal and skin temperatures and clothing microclimate (tem-
peratures, humidity) were continuously measured during 30min rest and 20
min exercise. Major observations were summarized as follows: 1) Back
surface temperatures of cotton outer clothing with long sleeves were always
greater in netted shirts wearing throughout rest and exercise. 2) Back
skin temperatures and clothing microclimate humidity were smaller in net-
ted shirts wearing. 3) Positive heat storage was lower in netted shirts
wearing. We discuss that netted shirts wearing is physiologically signifi-
cant in reducing external heat penetration to human body. These heat re-
sisting mechanisms resemble those of the camel under warm and sun-radi-
ated deserts.

Introduction

We have disclosed'™® that sweating rates and clothing microclimate (temperature, humidi-
ty) of sedentary and exercising women could be influenced by different fabric materials at warm and
neutral ambient temperatures. However, it remains to be known what kinds of physiological impli-
cations the way of our dressing has. As a first step, therefore, we attempted to compare thermore-
gulatory responses between the subjects either with or without netted shirts at warm and radiated

environments.

Materials and methods

Three healthy females, aged 21—24 yrs, served as experimental subjects. She entered into
a bioclimatic chamber at 10:00, the ambient temperature and relative humidity of which had already
been controlled at 34°C and 60% RH. Then, we measured the body weight of the semi-nude sub-
ject wearing only shorts and brassiere, attached skin thermocouples with adhesive tape on the skin
surface of chest, back, arm, thigh and leg. A rectal thermocouple was inserted a distance of 12 cm
beyond the anus by the subject itself. She stayed in the chamber quietly for 1hr. After the sweat
droplets on the skin surface were wiped with a dry towel at 11:00, she wore the experimental cloth-
ing of cotton shirt with long sleeves, cotton trousers and cotton socks, the weight of which being
known. At this time cotton netted shirts with long sleeves were also worn between brassiere and
cotton shirt with long sleeves if the effects of netted shirts were studied. She sat calmly for 30 min
on a stool located on a bed scale, and then took hand exercise moderately for 20 min. During these
experimental periods we measured the body weight loss continuously using the bed scale with ac-
curacy of 1gram, and the temperatures of the rectum and skin surfaces of 5 points mentoned above.
We also measured the back surface temperature of outer clothing, clothing microclimate temperature
and humidity at back site. Middle back of the subject was radiated a distance of ca. 70 cm apart
from the back outer clothing by a electrical heater of 300 W throughout the experimental periods of
90 min.

Heat storage (S) was calculated using the following equation:



- 284 —

" 24T+ 4T 1
S~0.83><W><—-3—-—><K
0.83 : Specific heat of human body (kcal:°Ctekg™)
W : Body weight (kg)
AT,. : Change of rectal temperature (°C)
AT, : Change of mean skin temperature (°C)
A : Body surface area (m?)

Results

In Fig. 1 representative temporal changes of back skin temperatures, back surface tempera-
tures of outer clothing and clothing microclimate temperatures at back site are compared between
two different clothing conditions with/without netted shirts wearing in a subject (5-2). We see
back surface temperatures of outer clothing almost always higher both during rest and exercise,
back skin temperatures lower especially during exercise, clothing microclimate temperatures next to

skin surface clearly lower in clothing conditions of netted shirts than of non-netted shirts. We ob-
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Fig.1 Temporal changes of temperatures of back skin and clothing
microclimate in a resting and exercising subject (S-2).
@® and O : back skin temperatures in non-netted shirts and
in netted shirts, respectively. € and > : surface tempera-
tures of cotton outer clothing in non-netted shirts and netted
shirts, respectively. []: clothing microclimate temperatures
between back skin and netted shirts. A and A : clothing
microclimate temperatures next to cotton outer clothing in
non-netted shirts and in netted shirts, respectively.
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served same tendency in other two subjects.

Temporal changes of clothing microclimate humidity measured between back skin and net-
ted shirts/cotton shirts are compared between two different clothing conditions of netted shirts and
non-netted shirts in Fig. 2. During exercise the clothing microclimate humidity was clearly lower
in netted shirts than in non-netted shirts in all three subjects without exception, and during rest it
was lower in netted shirts in two (S-1, S-2) out of three subjects.
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Fig. 2 Temporal changes of clothing microclimate absolute humidity
measured between back skin and netted shirts/outer clothing

shirt in three resting and exercising subjects (S-1, 5-2, $-3).
@ : non-netted shirts. O : netted shirts.

In Fig. 3 average values of back skin temperatures, back surface temperatures of outer cloth-
ing and clothing microclimate temperatures at back site during 20 min exercise are schematically
compared between two different clothing conditions of netted shirts and non-netted shirts in two sub-
jects (S§-2, S-3). Back surface temperatures of outer clothing are ca. 1 °C greater in netted shirts.
Both back skin temperatures and clothing microclimate temperatures next to back skin are ca. 0.5
°C smaller in netted shirts, although the sites for measuring clothing microclimate temperatures next
to back skin are, strictly speaking, not same due to the existence of netted shirts. Clothing micro-
climate temperatures next to outer clothing are nearly equal or a little greater, compared with back
surface temperatures of outer clothing in netted shirts.

In Fig. 4 heat storage during 50 min experimental periods is compared between two different
clothing conditions of netted shirts and non-netted shirts in three subjects (S-1, S-2, S-8). Without
exception heat storage is clearly greater in non-netted shirts, suggesting that heat was more easily

stored from environment to human body in non-netted shirts. In other words, netted shirts have the
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Fig.3 Schematic representation of average values in back skin tempera-
- tures, back surface temperatures of outer clothing and clothing
microclimate temperatures at back site during 20 min exercise in
two subjects (5-2, S-3). Left: non-netted shirts. Right: netted
shirts. A: cotton shirt with long sleeves. B: human back skin.

C: cotton netted shirts.
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Fig. 4 A comparison of positive heat storage during 50 min experi-
mental periods between non-netted shirts and netted shirts.
White colimn: non-netted shirts. Shaded column: netted
shirts. '

properties to lessen the penetration of heat from surroundings to human body.

Discussion

QOur present major findings are summarized as follows: 1) Back surface temperatures of outer

clothing were greater in netted shirts. 2) Back skin temperatures and clothing microclimate humidi-
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ty were smaller in netted shirts. 3) Positive heat storage calculated from specific heat of human
body, body weight and changes of mean body temperatures, was lower in netted shirts. What mecha-
nisms could account for these findings ?

Cotton netted shirts have the ability to absorb sweat very much. The subject sweated con-
siderably under warm and radiated environments. Thus, some of the sweats were absorbed into net-
ted shirts and cotton outer clothing in clothing conditions of netted shirts, while only into cotton
outer clothing in clothing conditions of non-netted shirts. There were of course other sweats which
evaporated directly through clothing into ambient air. With these in mind, it is very likely that cot-
ton outer clothing might become more dry in clothing conditions of netted shirts than of non-netted
shirts under the assumption that the sweating rates are equal in both clothing conditions, since both
cotton shirts with long sleeves and cotton netted shirts can absorb sweat in clothing conditions of
netted shirts. Therefore, evaporation occurred much more from “wet” outer clothing surface in non-
netted shirts than in netted-shirts, resulting in the lowering of the surface temperature of the outer
clothing due to better evaporation power. Thus, there existed different surface temperatures of the
outer clothing between both clothing conditions, of netted and non-netted shirts i.e., the former is high,
the latter low. These increased value of the outer clothing surface temperature in netted shirts has
the physiological significance to prevent heat gain from penetrating from warm and radiated envi-
ronment to human body. Actually, positive storage was smaller in netted shirts (Fig. 4). The simi-
lar heat resisting mechanisms play a role in the camel inhabiting the desert®. The dorsal fur
surface temperature of the camel became ca. 70°C under warm and sun-radiated environment. This
increased temperature of the fur surface is considered to be physiologically significant as a heat bar-
rier from environmental heat gain.

The clothing microclimate humidity was lower in netted shirts (Fig. 2). These different
humidities might depend upon the amount of clothes which can absorb water. Both cotton shirt with
long sleeves and cotton netted shirts in clothing conditions of netted shirts can absorb much more
sweats than of non-netted shirts, resulting in the reduction of the clothing microclimate humidity.

Back skin temperatures were lower in netted shirts (Figs. 1, 3). It might be probably as-
cribed to the facts that clothing microclimate temperatures measured between back skin and netted
shirts were lower and evaporative cooling efficiency from skin was better in netted shirts due to
lower clothing microclimate humidity. Furthermore, higher back surface temperatures of the outer
clothing in netted shirts reduced heat penetration from environment to human body, resulting in the

lower clothing microclimate temperatures, and hence, lower back skin temperatures.
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