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ABSTRACT

This study was to determine the effect of cooling parts of the limbs without harm to
health. The results provide basic data for the development of clothing which could
increase work efficiency and reduce body strain in hot environments. Five male adults
took part in the study, conducted in a climate chamber with an ambient temperature of
37C and a relative humidity of 50%. The limbs were divided into six areas to be
cooled: upper arm, forearm, thigh, calf, hand, and foot. According to preceding studies,
permissible cooling safety limits of skin temperature for each part of the body for
one-hour were 20C on the upper arm, forearm, thigh, and calf, and 23°C on the hand
and foot:. For this reason, cooling the skin of each region was carried out at the above
mentioned temperatures. In conclusion, cooling the hand and foot reduced perspiration,
rectal temperature and heart rate. Therefore, the heat stress of workers exposed to hot
environments would be reduced by decreased subjective sensations of heat and increased
comfort. The effectiveness of cooling was better on the arm than on the leg.
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Fig. 1. Subjective sensation(Winakor, 1982)
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Table 1. Physical characteristics of 5 subjects

. Age Height  Weight BSA
Subject 2
(yr) (cm) kg) (m°)
A 27 171 70 1.83
B 27 173 70 1.85
C 27 173 72 1.87
D 25 174 72 1.88
E 23 177 70 1.88
25.8 173.6 70.8 1.86
£1.79 $2.19 +1.10 +0.02

BSA(Body Surface Area)=Weight0.425xHeight0.725x72.46
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Table 2. Surface area of cooling pack

: Ratio of
Upper-arm Forearm Hand Thigh Calf Foot whole body
ot 0.1816 0.1412 0.1370 0.2124 0.1908 0.1550 1.018
% 9.8 7.6 7.4 11.4 10.3 8.3 54.8
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Table 3. Physiological responses during the experiment
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Fig. 2. Decreasing ratio of sweat rate by local
cooling

Upper aim  Forearm  Hand Thigh Calf Foot

F-value

Total body weight loss(g/4hour) 453,00
Local sweat rate in back(mg/12ci/4hour)  26.64™
Local sweat rate in thigh(ng/12cu/4hour) 10.50

Te(C) 37.29°
HR(bpm) 76.39"
Ta, chest(C): 34.06"
Hy, chest(%BH) 40.35™
Thermal sensation 0.28"
Humidity sensation 1.29

Thermal comfort 0.28"

388.00° 42600 405.50™ 461.50° 503.50° 192"
21.00"  28.50"
1117 9.17 9.00 1114 1375  122*
3727 3721 3736  3735¢  37.22® 663
76.10°  7520° 7847  78.44°  77.80°
33.87°  34.66°  34.42%
4aL74™ 3269
028" 017" 042" 039%™  028% 584
0.85 1.20 1.29 1.92 156 162"
008® 003" 019" o022 008

21.63®  2600° 3205 192"

69.16™
3465  3479° 124717

41.22% 4260 3698 51.67

1057

"Values with different letters within a same row are significantly different by Duncan’s multiple range test

(*; P<05, **; P<0l, ***; P<00l, ns.; not significant)
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Fig. 3. Changes of rectal temperature during
local cooling
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Fig. 4. Decrement of rectal temperature by
local cooling
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Fig. 6. Changes of heart rate during local cooling



WAE 3 A% gA= 1.28C, FAE 036C T
T 48 29 A5g dAsIYh B2y &
EE B FE YZaF: olg (33.87C)0
7V 3, 9 B(34.06T), WA (34.42C), =
0}2](34.65C), ¢(34.67C), (34.79C)8 %01
o By $x= S&(3269%RH), H3697%R.H.),
9 B@035%RH), WHR@12%RH), ok =
(41.74% RH), F°l2](42.60%RH)S] ¢o2 ¢7
TS BN Aol /M AL Hok £ 3
5 25 F e FA7)o) gro] ety Wyt
< 1A oohs w OB 71Fe) HRgEe 35.15C,
45.98% R.H.o| At}

JgEY 25+ 7}’“°M Z4& 7] Q&
7yl A T A A&, ol B/, WA
2 ¥4 o v«ls}?ﬂ ®e e HQ Roz

(c)

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240

{min}

s upper arm(20°T) wo forearm(20C) =M= hand(23TC)
——thigh(20C) calf(20C) foot(23C)

Fig. 7. Changes of clothing microclimate during
local cooling

ARRISe| Wzt 4ol Brst o1 93

BaET Jhgel FF-oly Wite]l 2A 19
£ 4433s W Be 9FS vt A
olnl ttg AFAEA o #HIW u ok
(Maruyama & Tamura 1989; Nishihara & Hasebe
2003). 7hES AN BEE A —‘?—%"I‘Q
E AAE ¥Zeie o 7t HF-2o] uiF
350C ool o), &S 20C 2 Ye A%
T 7MEREE 335C FELE FANAL 45
U2 % 55 F3H4 2 ojze 9
"ol 7k53 7h7ke A9 57 U o &
9] Yyzio] 7hgol & 9%FE 7137] WEoln 9
o Favyzel o AN Yo FFPo] A
£ Ao Maruyama & Tamura 1989). £ A9
A9} vlA7IAE, Nishihara®}l Hasebe(2003)&=
O Fee AT A9 Qe dF 2x=
E=FNAE W =E5FH F A8 AR g 5
22979 ol dE FHE =23 BeEg
Pt A A

5 F

e ST ARG RARRLAE BT
T Fg 84 ¢ 4 UKol He ¥4 wE2
& 2Ed2E SasgY. e9ges ¥ W,
6 %9 3 & W7ol 747 ANHAT, heoz
L, 9, o, ok, WA &k
Aoz & W, 6 ¥9 F &, %, oD
o] 4 ARAGL, o2 WA, Fo}
2, SlBe £olqTh FAANNE FANE B
oA ke

no cooling

upper arm(20°C)

torearm(20C) Elcomfort:xxx

Eheat:x*=*

hand(23¢C) §

thigh(20°C) s

calf(20°C) |l

foot{23C) §

(***: P<0.001)

Fig. 8. Subjective sensation during local cooling



94 BN WRDE X ®182 15 2007

& 29 Ygo| FRHez maNolde 2
e FFen Aus FRANE 71 we @
£ 2o 3% YA DA AR 6 29
F £9 9AEE0] F1F $4EE ¢ + YA

IV. 8of 9 AE

2 A7 2Fe g9 A% AEYLAS
o7 $ish AANE PAAY ), AlHRe] 7 2
guz YA gL vlasly gddsy 5839
Wzte] we AN RAoltk o8 s AR
& 20t) IR TSt 5EL tlAoF 4AI B
TLYAGIEIT, S0£5%RMOIM 2+ 293
#, o}d B, &, WAL, Sk, wH2 2z
BZAARS o, ALy HRe, Aus Furs
F7 Z2LPY, JBY 24, FuE AN
7 & 25 YZAELS RYUE windy
o old) YALEE AYATNA RS Wzt
FEA 259 9T 20C, ol 20C, & 2
3C, Y3 20T, £o}a] 20T, ¥ 23CE 3§}
Ak dojd A geg pu. '

T Roe| e £ol, Tl B9 NE @]
Zto] Lol HFEL Jbg =A wEo Wz
o olg ARG WEs) &3} u B
A Ate AL L £ AU B3] &8 W
AL W AFe, Auty, Fuzte] @ YAAR
o o $5ach webd, ARR 6 Be F &
2 YZA7E Aol e Wse AuY 3
A, ApHez ARt a8y && FY
A $4Y0] BE B9jolmz ASE wolA
&9 71539 Bde nestoio} gk

B Q79 BAY ¥ Bele) uAe £Ys
A A gtonz YAHAe 2 s 2t B
g9 WREE S FHE THAT/ Yesjnt
T Aadc £8 F 29 o4 yze @ A%
FPBALEY &5, delo] U SAAE, A
d, do] W AR GAT WREHE g
% QA mstedo} s}

o

EELE

0] 4 %(1988) A X 7 B9 WHEE ¢ ¥z
B A7 FFAFAHA 12(2), 189-200.
AE3005) 9] 7793 (2005.11.08) hitp:/kin.
naver.com/db/detail.php?d1id=7&dir_id=704&eid=c
KykFdTccZcnwLMjGBRIdkjq8sMV3uPB&qb=s02/
wr+hvK3AxyC757Bv/jAzrD6IMD6v8K/obytwMcgu

+edwb/4wM4

B7A% - A3 - AAFQo07 AA) 29E Y43
$3A Lo B3 AT TR FETEHA 31(D),
119-130.

Baker MA(1982) Brain cooling in endotherms in heat
and exercise. Ann Rev Physiol 44, 85-96.

Bruce S, Cadarette MS, Barry S(1990) Evaluation of
three commercial microclimate cooling systems.
Aviat Space Environ Med 61(1), 71-76.

CCOHS(Canadian center for occupational health and
safety)(2006. 12. 5) What is heat stress?. (2001,
September  18).  http://www.ccohs.ca/oshanswers/
phys_agents/heat_health.html#_1_1

Choi JW, Hwang KS(2002) Effectiveness of Cooling
Vest in Hot Environment, Journal of the Korean
Society of Clothing and Textiles 26(6), 771-778.

Choi JW, Seol H(2001) Distributions of skin
thermoreceptors and clothing weights of korean
urbanites and farmers. J Physiol Anthropol 20(6),
375-377.

Crawshaw LI, Nadel ER, Stolwijk JA(1975) Effect of
local cooling on sweating rate and cold sensation,
Pfluger Arch 354(1), 19-27.

Giesbrecht GG, Wu MP, White MD, Johnston CE,
Bristow GK(1995) Isolated effects of peripheral
arm and central body cooling on arm performance.
Aviat Space Environ Med 66(10), 968-975.

Hagander LG, Midani HA, Kuskowski MA, Parry
GJG(2000) Quantitative sensory testing: effect of
site and skin temperature on thermal thresholds.
Clinical Neurophysiology 111, 17-22.

Maruyama Y, Tamura T(1989) Responses of skin
temperature and thermal sensation to unevenly
distributed thermal stimuli. Jpn J Biometeor 26(3),
143-154.

‘Nishihara N, Hasebe Y(2003) The regional differences

of human responses to local cooling stimulation.
Jpn J Biometeor 39(4), 107-120.

Patterson MIJ, Cotter JD, Taylor NA(1998) Human
sudomotor -responses to heating and cooling upper-
body skin surface: cutaneous thermal sensitivity.
Acta Physiologica Scandinavica 163(3), 289.

Stevens JC, Choo KK(1998) Temperature sensitivity of
the body surface over the life span, somatosens
Mot Res 15(1), 13-28.

Vallerand AL, Michas RD, Frim J(1991) Heat balance



of subjects wearing protective clothing with a
liquid- or air-cooled vest. Aviat Space Environ
Med 62(5), 383-391.

White MK, Hudnall J(1991) The effectiveness of ice-
and freon -based personal cooling systems during
work in fully encapsulating suits in the heat.
AIHA J 52(3), 127-135.

AR dzts o] B8 67 95

Wyndham CH(1967) Effect of acclimatization on the
sweat ratefrectal temperature relationship. J Appl
Physiol 22(1), 27-30.






