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Abstract

The present study was designed to see what the local cooling of different hody regions
especially head and neck, hands and feet effect physiclogical responses in cold environment,
Four male subjects wore garments covering whole body except face and rested for 20 min and
then they rested for 40 min with uncovered head, neck, hands and feet, respectively in a cold
environment(10+1°C, 50+5%R.H.).

1, Rectal temperature increased when hands and feet were exposed to cold environment
respectively, and when head and neck, hands and feet were exposed to cold environment
together.

2. Exposed skin temperatures fell in cold environment. And hands temberature was lower
than any other exposed skin temperatures.

The hands temperature was significantly lower when head was exposed than when head
was covered. And the feet temperature were significantly lower when hands were exposed
than when hands were covered.

3. Mean skin temperature was the lowest when head and neck, hands and feet were
exposed simultaneously.

In conclusion, skin temperatures of extremities were decreased due to exposure to the cold
environment. Especially upper extremities were lower than lower extremities by exposed
parts of the body. It seemed that the extremities played the role of cold receptors but head
and neck didn’t. And there were large heat losses from the unprotected head and neck. In cold
environment of 10°C, thus, it is suggested for the purpose of thermoregulatory responses that
head and neck would be covered and extremities would be exposed, especially upper
extremities.
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Table 1. Physical characteristics of subjects

Subjects Age | Height | Weight [ BSA | Rohrer
(year) | (cm) (kg) (m?) | index
N 18 1711 63.5 1.76 1.27
Y 18 168.2 65.4 1.76 1.37
K 18 171.5 65.5 1.79 1.30
L 19 178.0 79.2 1.99 1.40
L. 18 165.5 58.3 1.66 1.29

*BSA (Body Surface Area) =
Weight™® x Height®™* x 72. 46

[Under Wear] [Outer Wear]
Fig. 1. Types of Experimental Garments
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Table 2. Clothing Ensembles jn Each Experiments

Clothing Ensembles Total Weight
of Garments(g)

FuC C C, Headwear, Neckwear, 1,933
(Full Cover) Handwear, Footwear
He O C C, Neckwear, Handwear, 1,852
(Head Open) Footwear
Ne O C C, Headwear, Handwear, 1,887
(Neck Open) Footwear
Ha O C C, Headwear, Neckwear, 1,831
(Hand Open) Footwear
Fo O C C, Headwear, Neckwear, 1,795
(Foot Open) Handwear
Fu O ccC 1,569
(Full Open)

*CC: Controlled Clothing

i

Ha O

Fig. 2. Covered Part of the Body in Each Experiments
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Table 3. Physical Properties of Clothing
. pﬁysical fiber density air moisture | thermal
prop. content (thread/5? cm?) weight thickness |permeabiliy| regain resistance
clothing (%) wale course (g/m? (mm) (ml/em®/sec) (%) (%)
T-shirt C:100 86.6 114.2 155.8 0.5 67.5 7.5 19
training wears| C: 100 59.1 82.7 274.2 1.0 72.4 6.6 35.4
sweater P:100 63.0 63.0 365.2 2.0 68.3 0.44 53.8
acryl . 52
drawers C:40 86.6 74.8 242.6 1.0 133.4 2.3 27
P: 8
fluff C:35 B - 178.7 1.3 150.0 0.53 65
P.P: 65 ' ' ) ’
knit(5x1rib ,
nitGX1rb |00 | 177 25.6 344.5 1.8 188.3 1.15 51.4
stitch)
acryl . 66
knit+ fluff
“:_kni:‘ C:15.4 - - 523.3 47 64.5 - 76.4
P.P:28.6
test method | KSK 0210 KSK 0512 KSK 0514 | KSK 0506 | KSK 0570 | KSK 0560 | KSK 0220
L2y g2 g ek
w3 A wd 399k QA8 $LF Abole] 4B

¥ X292 digital thermistor( Takara Industry Co.
A% 10.1C)2 AA 7TAFA(lT, s, B,
£%, W398, Foa, wE) o F5-9 (59 F2b
5 =A%tn gy e AEdse] diEd
Hardy & DuBois®] 73 o2 A4sigich A4
2] 24 thermistor (Takara Industry Co. Z%. :
0.1C)2 ZAg ool gtz b2 dshA (National
EW261) =i Stop watch® o]-&3fgi o] E < -
%%+ oz 2457 (Sato Keiryoki MFG. Co.,
LTD, SK— 80 TRH)Z o] &3} 5 FfloA &A3}
AL L FE7S ASHRAE A4l 484 753%,
| z2h-& 5572 o|435to] FA3)AcH(Table 4).

HE ¥¥-£(MST)=0.07 T(head)+0.35 T (trunk) +

0.14 T(arm)+0.05 T(hand)+0.19 T(thigh)+0.13 T
(leg) +0.07 T (foot)
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Table 4. Scales of Subjective Sensations

;Eg:;ﬁgrl‘ g%g:ggg Comfort sensation
7 very hot 7 very wet
6 hot 6 wet
5 warm 5 slightly wet | 5 very uncomfortable
4 not both 4 not both 4 uncomfortable
3 cool 3 slightly dry | 3 slighily uncomfortable
2 cold 2 dry 2 neutral
1 very cold 1 very dry 1 comfortable
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Fig. 3. Mean values of rectal temperature by clothing
types in cold environment of 10°C.
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Table 5. Duncan’s multiple range test of measured

results _

FuC i HeQ{NeO|{HaO|FoO|FuO
Trorehead | 34.3° |[32.1% [34.6° |[34.3° |34.5° |31.6"
T neck 34.8 |34.9° (31.7° [34.7" (34.9* [31.3°
T trunk 34.1% [34.7 (34.9° |34.5% (34.4* | 34.8°
Trorearm |33.1% [32.7° |32.7° |31.8° (31.9° |31.9°
Thand 32.6° [31.1° |32.2% |25.9* |31.3* |26.8°
Ty 28.6% | 28.8° (28,2°" !28.0° |28.4°|28.0°
Toat 31.0° (30.2° |30.1% |29.0 126.4* |26.3"
Ts 32.3° [32.0° |32.3° |31.6° [31.8° |31.4°
Trectal 37.26°|37.25% | 37.25°| 37.357(37.35" |37.27%
Rheart 69.2%¢ | 67.1° |68.6™ | 70,2 |72.4° |67.6"
Teaothing | 29.1% |29.1* |29.3% |29.4°" (29.2° |29.8°
Heotming | 18.5° |17.7° [14.2° [16.3" [16.7" |[18.3"
Sthermal 3.7° | 3.3 3.4°%| 3.6%| 3.4%| 3.2°

Multiple Range Tests: Duncan test at significance
level of 0.05
a, b, ¢: Difference letter indicates significant differences.
Fu C (Full Cover), He O (Head Open), Ne O (Neck Open),
Ha O (Hand QOpen), Fo O (Foot Open), Fu O (Full Open)
T, Mean skin temperature, T: Temperature, R: Rate, H:
Humidity, S: Sensation
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Table 6. Values of blood pressure measured before and
after experiment

diastolic blood pressure|systolic blood pressure
(mmHg) (mmHg)

before test | after test | before test | after test
Fu C 86.8 95.2 126.7 119.2
He O 91.2 97.0 125.4 123.4
Ne O 88.0 97.8 120.3 121.0
Ha O 86.6 86.0 120.1 116.8
Fo O 86.0 92.8 121.3 120.4
Fu O 91.8 87.8 121.7 125.0

Table 7. Correlation coefficients among physiological responses by exposure (from 20 to 60 min.)
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