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Abstract

The objects of this study were to investigate responses and peculiarity during local cooling by parts of
the human body and to show permissible safety limits without injurious to his health because of excessive
cooling when he works hot environments. It were measured rectal temperature, skin temperature, heart
rate, total body weight loss, local sweat in back and thigh, clothing microclimate and subjective sensation
on 8 subjects and cooling parts were head, neck, chest, abdomen, back, waist, hip, upper arm, forearm,
hand, thigh, calf and foot. According to above-mentioned the first experiment, we chose permissible safety
limits by parts of the human body for one hour. In the second experiment, it was showed permissible
safety limits by parts which examined their safety about health through 4 hours cooling test on 3 subjects.

The results are as follows:

1. As a result of the first experiment, we chose permissible safety limits by parts, as follows, head 25°C,
neck 20°C, chest 27°C, abdomen 25°C, back 20°C, waist 20°C, upper arm 20°C, forearm 20°C, hand 23°C,
thigh 20°C, calf 20°C and foot 23°C in 37°C, 50%R.H. environment for 1 hour.

2. As a result of the second experiment, cooling on these safety limits temperatures except chest didn't
have a bad effect on health. So it was proved that right permissible safety limits of chest was 28°C.

From these results, it has been suggested that skin temperature didn't fall below permissible safety limits
when human body was to be cool by parts.
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A7 o358 WH4ESE AdA717E ShEA
3}, 3734 2001; Chen et al., 1997; Nishihara et al.,
2002).

zejg YA E YA A, AR 25
F=¢ Yzt Fd4S A <148k Eata e
o, WAy SAME 1EAH A Wztuz
T=TE AT we] F3H Bl #AS X gx
Atk 2 gAwol} B&gA IHAE] U4
o =ZEo] Jort HAE £7] Ash A7 Wkl
o7t FARE A7t 5 REE T gt mEkA
Y yeprht 2 A T E 077 g8 WzkA|
5 AHSSUE AR Alat daE S gle e
AlREG. wEk WZHAES HEEA A AL
£3t7] gk AAe Aol o, FHedez o
Al AH = YAAES B A0S APsA &
= Y7 g Al Ao gasit.

ot A of ol QAo 2EH
71 S AaApolA = At A
2 3tx, 1 ¢ FRen @RE, T4 gt 5
< &7 &4 319 M (Hancock & Vasmatzidis, 2003;
Nag et al., 1997; Shvartz et al., 1977).

AG7ze) ABRle] 22 A HIA S
73S Ha AN L RS 38°C, 7MY FE A
2 39| Aukrt 110bpm ©J8HE FA3I=E HaL
3t ITHACGIH, 2002; Malchaire et al., 2000). 7t
2 23749 252 H720] 36°C| oj2W wt
TA Y o) FYel =EHA] BEF BEsjof gt
I FHTHACGIH, 2002). 2ol o283 212
A2 D Auke 9o PHSS CSI 5& 7dete] 2
A9 Bl S dSsEe A7t 3] AgH
3 At} PHSE Predicted Heat Strain®] ¢FALEA] 2

—_—

et talgz 4" A& o] (Malchaire
et al., 2000), CSIZF Cold Strain Index®] FAE 4+
=3 FELE A= B LR 0~ 1071419
Tal= FAH tH(Castellani et al., 1998; Moran
et al., 1999).

£ AoAs WA EHAREE A4 A
BHAREE AR Aurs ddsd. 383
A"t GoJ2 = acceptable limits, permissible limits
EE safety limitsZt EHEY 4 9o, o] g W
ofupH XA ol AV 1 o] 4e] figell XA "ot
= #8372 threshold limits¥#+ T2 9jvo|t}, &
A5-5 YA dole 4729 F7HE0| 1°C 9l
8 FABIEE 3 &TAE AAAN Z+ F55 ¥zt
A7l Aol vlgdsitie Zoltk(Tell & Harlen,
1979).
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748 §-HA| R & A A 8t A} St
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1. 1A{ZE Hzboll of 8t 2t 22| W25 S8HA| n 2
2z AE)

Iy #dz=74 Y &F protocol

z} A= AHE BN 308 ol &
A% Fof zk 2FAME FAT T 37+£1°C, 50+
5%R.H.9| 1F 71 FLE Jalste] ozt gk el
2 238 ANFsH T A8717He 2001d 12€97E
20023 1E7AX G eH, A8 A <Fig. 1> Al
AlBta .
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Subjective sensation(interval 10min)

Fig 1. Experiment procedure.
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B FolE HHEL&E =A7|(LT 8A, Gram
Corp., Japan)Z 7H-¢] 3| FE-2 & (o]}, v, &, o}
Z, \AnY, $obe, 3959 AFLRE 33,
F8 AE - F% 719AA(Thermo Recorder
RS-10, Tabai Espec Corp., Japan)Z 71559 <] &)
2= 2 F=&, Auk 247 (Polar Sports Tester,
Polar Electro INC, Finland)2 A& &3t
By 252 Hardy9t DuBoisoll 23 A<l <t
&2 ALl Fddde A9 A5 A
of Wt o) AelA L, T3 BATE £99
24 e gFAAY L o] g3l FHE 7zt
< Winakor(1982)2] 119HA] A=E o] &3la] 102
AR o B 2439 H(Fig. 2).

3) WEA Y o=z

AA A7 200 A} gHS o g Fgon,
HAAHL 26.6+1.74], 715 174.1+3.1cm, EFA
70.6+2.5kg, A EH A (weight”**xheight”’*x72.46)
1.86£0.1m™| AT} A3 FoF Foe gk 4R
o] 719, stele ME), A A9 7i6lx], Hde
&3ttt

2x74

o rir

Hye

o] k. Shte 7z FHEE FYEH L YAAe
s WAL gats Zbzhe] F918 HAE doiA
Wzbshs etk £ AFoXE o 82EA] i
e HWe, &, 7kE, L, F, d1E], 99l 98, ok
T, &, 5YA], Fole], ¥F T 3RHE o] 7
b Q7P AT Wz S PApE R 7 9ol wha}
HAg dEste] gAs] gen, 55 Wi ge
AFE A3 olnf FMEE & do AT, R
£ vz 97k yage s T 74 BeEE W
A o] HFE <Table 1> AA15FA T}

W7 (B9 SEE 0~40°C Alo]l2 2FHdh= 7)
ARAM, A72 Yo st R 222 fA"
ES W4 IEeESs E I8 8 ke F
H)E o83t 94 LE(2~3°C) THEoR Y4y
o] 25 & 3AIA AFA A 7 FHEE F2A
FHow, o] f WztH2 z+ A7 AA) F9el| gt
=2 AFHALG AAE BAEE Y4sir] 93ty
ez Yztd Eg vd#RE 0.5emyS 53l
Pog olFAA dAT LEZ FXAT= 9]
& AT o] W Wz e 7h AP AL A F
ol g2 v A71F 37, glue gun, E=, ¥
43 522 AFEen, x4F o Aaa v
9ol Bg ALsty Al P ZARNE @AY

4) iz 2 5 AES ALY RgoR BET Be 7 2
37 RO WARA L 44T g T A Py Aol ZHNT)7] 95 71EAES) Hlo| g M-St
COLD +——4————+—+—+—+—+—+—+—+ HOT
-5 4 3 2 -1 0 1 2 3 4 5
DRY +—F—+—+—+—+—F+—+—F—F+—+ WET
-5 4 3 -2 -1 0 1 2 3 4 5
COMFORTABLE +——+——+—+F+—+—4—+F—+———+—+ UNCOMFORTABLE
S5 4 3 2 1 060 1 2 3 4 5
Fig. 2. Subjective sensation(Winakor, 1982).
Table 1. Surface area of cooling pack(8 persons) -
head | neck | chest abdome back | waist | hip upper | fore hand | thigh | calf foot Whole
n arm arm Body
m’ | 0.1245}0.0538 | 0.1426 | 0.0925 | 0.1281 | 0.0862 | 0.1402 | 0.1816 | 0.1412 ] 0.1370 | 0.2124 | 0.1908 | 0.1550 | 1.86*
% 6.7 29 7.7 5.0 6.9 4.6 7.5 9.8 7.6 7.4 114 10.3 8.3 100.0

*face area exclusion

-121-



122

Vol. 31 No. 1, 2007

] o=

om ghuke F2] ge WA 7R Al 2&
AlZth R YASE 71 o AT o]
AR Fo] Wzt 257172 3°CE 3l (Hagander et al.,
2000; Hilz et al., 1999; Pertovaara & Kojo, 1985), &
SR YA 2EE 23(0]%%, 1988; Choi &
Seol, 2001), Y= ¥ O 2 & (Nishihara & Hasebe,
2003) 2°C 7+H o= st

2 dusigsEsel SR M)

27 ARINE 33 TR 13 AP 2
SUE HHE B2 S VA LES MY B A
S92 W ARl A7 AL FA WEAE

E33iet.

5-}931;}. =37 ?smﬂy_}g 1 g VAo g 7|YE %
AL 1 9 e FAYEL 1A APy FY3F}
A &k AF 717k 20039 12378 20033 59
NARLH, 4874 2 SHLE, SPHLS 17

dd7 L3t

Jiﬂl

Fodz Yz L9 esz A4
4 ez —} %AE AN 7E FAA TS At A
Y7} 3R g W AEH R HYAY Fge 4
w7t QEAMAE HolvpR] g=AE HEs7] 9
3 1A Aol Fosia JHA F 28-S &89
o, 1x} A m%s}xl R 18e u AA s
o YAHEFAREE HAZ g 5 e
E 7AZ3s19th <Table 2>9)] o]5 312} A A2 B4

< AA AT

Table 2. Physical characteristics of the subjects in the
second experiment

Subject | Age(yr) | Height(cm) | Weight(kg) | BSA(m?)
A 26 179 73 1.92
B 25 174 72 1.88
C 23 177 71 1.89
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Aol o3 oA ZPXE SAS(Statistical Analy-
sis System) B4 H7|A & o] 83t 7} FHEE 2%

73] GLM(Generalized Linear Model) £4& 3+ % &

g Gl dis] 5% 21524 Duncane] T

g P

I 74t 3 &
1. 1AIZH Wztof of 8t 2t £9| W25 5HA| TS
21X AE)

4*4@#*474“&%4&%@1%%%
2 Z7he) 5228 Fopf o2 Fsy] sy
AuaY Az mw zh7ke] g2 FAloz 43t
2~3°CH ek Q°4ﬁ4:z§4%e$%

o gub 72 vasen, TaEE we
o ¥AASE WER dehich 1 99 FE
T PHOE HEUANRLES Roh)t.

1) 2| H2t

e M ARes 25°CE WyAEds o
37.25~37.30°CE 9= HHU LT, 23°Ce HF-
AP FR A &AQ] 7havt veht 23°Ce] Wzt
227t Aoz 3 AAe Tt E = USE
A AL TH(Fig. 3). Avkee 23°C9 25°CE W43}
-2 e & Aol7t glg ey 27°CE WEs e o
AAH o2 ZolAA HYR Qs A% e svt F
7heHE 2 = UATHFig 4). HE RS 23°CE 60
BB S W, 889 FHEA F W o] (5H)el
(18

L

=

TES BhIAQT, BALE ERon], JAee
¥sht A& 0 2 A shatart.

2) S Wzt

o) Yzhe Yziw Ho] Hgow B3l thE
Bolot vws] & o Fge, A ddd 97t
37t Saignh 17°CE B7stag | 330
APAT 602 FF 37.2°C o9 w2 3he FAIS
now, 20°C WzkeEdAE 37.05~37.10°C2] <t
AH YA THp<.001). ¥, 23°CE HRE FZAZ
KR “H z];g-g Al Hl-_,_ nE ) 1}7@ o= /\]-z;g]_og\\;].
17°C} 20°Ce] At foxE HolA] ¢Sk K
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37.0

369 Llttra o e e e e i
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“— no —,<cooling—~>
cooling

-3 23°C —25°C —o— 27°C

Fig. 3. Rectal temperature during head cooling.
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Fig. 4. Heart rate during head cooling.
 75~85bpm 9] el Wk Bo wE Ho ke WA 25°Cy 30°CETRE 27°CT)
2+ o= 20°C o] 2.8 sk o] A7 HAs) AR 259S U § AT LLBEp<05), &
o7 B, E7Hp<.05), HH7Hp<.05) BF 27°C Ry o
the F 2l vlas) folahH We e Bl 7}
3) 7KS Wzt F W7 25°CY 30°CR T 27°C7 &30l ox
Aoz B 7ky W7he] aste 9R2o] 27°cY PS¢ F AU Al 2Ll BFL & 3]s
" 36.6~37.1°C] = WS FA 8 Zol W, 25°C BolA k. 2e} rire] Wzke 4ol A%
A B-¢olle APFRERel 23-29) #3}7}, 30 °CAlA o2 FEFS VIXERE 47 Y4AY8e S8 27°C
= A& o] FAHATE Aurp<05)k 27°C o] YA ERALLE HAS3 T Ao} & Ao
f¥ed o B T eme uas folal we o
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KN
=

1

W22 E 243} 7k F9le) H§o)
30.67°CE, &7 < HE v JoH{EHA
8}, A<, 2002), 7HEE 9] #E-2o] 31.1°CH o
B} 32.6°Ce Aol F& 2877 HH 7t glolA
g $ao 22 7iFe] At W2k Hgke Aol W
ZHE ol o3 Ao ol slojA Fasitt
= A#% U cH(Nishihara et al., 2002). L&} &
A9 7t F9 T4 7o) “neutral”d} “cool”
2] Atelel] AR Aol WHall, Nishihara®] H-Fofj A+
“cool” T “cold’Z BEINL, AL FEE
30.2°C, 371%RHoIPon=s, HA3 YAers =
2)&17] 8 B dAFt¢] 27°C9} Nishihara®] 32.6°C
7t RS v A F=

A= T

N 38

> 4

4) by Wzt

B S Wzhsk 4§ 23°C, 25°C, 27°C RE YIe e
AA HAFH Autert AY R AAHon
ARt et 25°Cd of A2 Aetre] 4
sFo] 71 Fokr AF FubF Y Al¥lE 80bpm
A5 BlwA Al gk Bylon, BAHer
T 25°CY] FF-2o| F FE BFoA FofstA Wk
THAZ p<.001, A8H p<.001).

H Foe 427 Euteg AdE WAF 9
g o] 7 S-aettia HtE o] gith(Lee &
Tamura, 1995). & Q72X = W& Y4279
e Aot folstA dedted Wz &
Aentge] W7t dolEE & Uy =T
Y7ol 93 BA7He 328k APAE AUt o
B B2 YA xR A% We) WAL -
A & HA2F Autre] Aol JowA FHE
o7 A =re A A LE AFE o
HA st

5) & 4zt

18°C, 20°C, 22°CY] W¥Zh2 = Zho| Ao g
Fozate gigion Ay Fule) RE ALEh= A
otk E3 AuteE Uehd 2#Zo) osid,
18°Ce} 20°CZrell & ol 7t il et 22°Cel 735l
= FoldA =& 32 YRt (p<001). 284 18°C
2 Y¥sas o 85 APx F 39 A0
A3 ZF5A ) Aslete o] 2EF YzE LA
E2 AAs7¢lE £t A9k BEbA 20°CE F
Wk s EetA| 2R MASNTh 3 F3F g
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6) 5i2| W2t

18°C, 20°C, 22°C & 18°C%) Wzt w o wj Aups
= 20°CY] 7359} BBl AR Aol AF Fut
B2 448 HA AS8IN R, 22°CY g Aol
373°C oL 2 w2 AutsE A&7 0 72 Fr151
th. apebM 20°CE 32 PJzHA] L3R A3
Pt 287, 83, 897NN E B {25k
#2]9 FF-o] 20°CY Wl 72 HH s @
o} mEba] S Wzkel A9 20°CE AL L2
T2 AAsYct

7) o] 4z}
ggole] MRELo] 17°CS 20°CY o HFL L
2Zo] " 5 & 36°C o|sE d17}El L<Fig.
5>, A Fobgol] Aubre ke ASEL EXY
735 HAg29] AAEA 36.5°C 5
AYE nizlom, AutdE 75hpm HEZ Qb
Aol e 23°C HE2E gA] A Fukn
ofl A1&A QN ALY s7fo] HolHAa] Wetae] F&
3] Z7sla 19 2 Q18 334 B 7de] sl ).
AR R 9] FH2A 7o WE
E 149 9(1993)9 o std,
ol 23] 7teAl7|H o 59
, Fokg], dHro upgL3to)
AAE Jepiich ey B g7
A2 02 Bl g o)
Jol He o} A%

o] F9lo YA EIAZE

A

"

=

)
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@ L I rir
o

4 32 o rlo Hr 9 o>
£ 8 o g d
ﬂ’l°oszrl:i
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32
N
)
k)

8) fl& Wzt

17°C2 W75k 35 A4 Fubiol 2x2o] Azt
a7 at AT, AW E 70~75bpme] HE wl$
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36.2

35.9

5.6 Lt e e
0 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 (min)
<« no —;<cooling—>
cooling

= 17°C — 20°C —o— 23°C

Fig. 5. Rectal temperature during hip cooling.

(bpm)
95 -

90

0L OO0 T S VO J00 D00 0 20 B S SO0 U O S S VO O O 0 0B S N 0 SO0 O S O I T S 0 W O O S S |

5
0 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 {min)

= no - <cooling—
cooling

[ o171 — 20°%C ——23°C_ |

Fig. 6. Heart rate during hip cooling.

3 Zte] Fge A5EL ) 10) 2 2t
FAEY F &g YR At oe e Y
9) OfzHZ Wzt A AE W B} thh Ao woten, Hyxs
olgZe] HRL S 17°C8 20°CE WIS Wl o] @A o & 7 sk GEtsict. 53 23°C
B 70~80bpm &2 P A Aute e BA 9] Y R-2oM HA-20] 37.05~37.1°C HH Y ¢
21} 17°C Wztoll A Fg-20] AF Fulr|o] A< ) AAZ FFolglon Huter Ad TRk 713
7rstah Wi, 20°CY) WA olA k) AL ol 75bpm o) 3ke] ZHE eI 20°CY) B -
A7t Aoy FoERE ksl AE Fukr)el 2 o YPAEe] AFl Yro g 328 348
= g 7187]E By 20°CE ofeiRe] WHE & Aok 59 WA LX) F2(Choi & Seol, 2001) &
A == XS #2H FYo| 4ty Wg we] dohf ol
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g EFFEE 597] HEoR Al d) 26°C ¥ e g o BAHE LR AYsgn). &3 &
Z4e AE Fabto) 2Apge] Ago] Kol A of Wzts| &3tAl e =] 3lo] 23°CR 27 A58 4
80bpm ©] O thi EUTh wEpA 23°CE £ W e B A7 e o &3 i) 9 RS A
78| g Al S =2 s S e RS W 7 Bl G5kl Rpolvt
At A9} ZHtth(Hagander et al., 2000).
1) =] Y2t
17°Col Wzt = o Aukert thE 7 250 ¥ 2. 4A| 2 H2Hol| of gt 2t 22| H2tS{EEA T 7
3 fol3hA HkA T *a‘fé SRR s A2 2E X AE)
o} AslstaArt. wetr F7 s A st 4 T8
Alo) AzFeo] 37.15°C BEE WA A3 Her 22 AgolXe ve, &, 7k, W, §, 812, 9, o}
ol on Aukso] MR 80bpm FTE AA B A, &, SR, Fole], 5 T 125919 12 el
ofubA] AW 20°Ce| WZhREE A9 A A AR WS ERALER W Wk A
f2v7 ARG, 23°CY YA2EQ ALdle Uégl GRS WFO 2 AT FAA A Y2He] 85

20°CY wWj9} AL fFo] HlBA|RE Alukprt &
Al e ohE 99 Hud o WHeE X
o 9%t 2x7he] Wbyl Ao, Wty o Huy
F29 FAE QIS ole BE FYE WHAF
A WAtele] ARyt Wgdggel & 432 v
27 gete A3AE HAe st 5ol ¥
SoE B O Fdl vs)] Wzhe] vz ol
"o 7] W &<l Aoz AL E H(Cotter et al., 2001).

12) B0f2] Yzt

20°Ce] 9%-24 o k& F ¥zl Hlsh st
Al Aol Wgton ’“?é‘ TRl 272 gho] Mzt
=] 371°C #E] HHAT HAE FASHAH
17°ce} %7—}&501]/‘1‘“ AE Tkl ofzk H3g-2o)
aFaled 34 TALER TR e 77t AU
Aubre Al W E 2% AT 9ol FA=EA
o $o3E= Holx 0}310 1}, 23°CE W7tel S o
o] Zro] the F W= Hjs) ot E3hTh b
20°CE Fotele] WS §IA =2 A8

13) & &z}

20°CE o] I RE YA FHL d7s
T AY FE ol% A FrtetRew, Adre
A&H o= Ha Stttk £ HIARES T
Aoz v Aa 3o 29 F5& T4
23°Ce) R o Ao Fesigd AP oF
7 gp7teted A ii/\] o 37.2°C £FL.E A9
Wkt Il AekeE 75hpm AEE A HY #
o &HAl Skt whEbA 34?2}%, Ak n% A3
ghELo]

&
e

AL A&H o7 FAISHA 23°Ce] W
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T& FABIAT o] wf Al A7) Ahe F
| reAE A=) Ash 442 B ALt A
ul=2 23 3510] <Fig. 7>, <Fig. 8>l #AI8HATH

\__

N

1) 02| W 5 H2A] & Zh= W alEo| HE)

<Fig. 7>, <Fig. 8>°l W24, w2 & 447 F<t
25°CE ¥Z3AE o, A2 WelE 37.1~374°C
gom, AurE 71.5~84.1bpm W 4423}
Ak 25 el WYl Ak AF 2719 A
sty A AL AFo] A HHA Hap AAesich
7} oA k7 ek, s S Wk 2
gy Ad ZFEA e AR oF 03°C =34t} 4
e A 270 FosA WU gkl HAk 3
alo] 21k o] EEI= 80bpm ©14+9) 7S RHTH =
WzbA) Al Wele 372~374°CHem, Alutege
= 73.5~903bpm HAYTE & WS A= HF
9] A5Zo| e FHE B4 Ao e Z
))h;]_ L Auldn AlE SHEE 896l Wolx]
A& <Fig. 8>°A &A= 3t
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e AR ke FslolnE 14 49AH
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gya F 159 HZL0] 27°CE 7S 943k
< W 3 A SR A "olA T =3 A
B 1 e g ZAste] 5§ St Hahe
AAG Aol e BFEL 27°C ¥R | 49t
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c)
376

370 1

L Y S Y N TS e W T A S S S ST T U VOO SO R S S SO SUY S R ST SNy SN S R S R

R R R

30

45 60 75 90 105 120 135 150 165 180 196 210 225  240(min)

—=— head(25°C)
—— back(20°C)

—e— abdomen(25°C)
—— forearm(20°C)
—a— foot(23°C)

—— chest(28°C)
—— upper arm(20°C)
—e— calf(20°C)

—— neck(20°C)
—— waist(20°C)

hand(23°C) —— thigh(20°C)

Fig. 7. Rectal temperature during local cooling.
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