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Abstract

The gaiter is one of the personal protective equipments worn in various industrial sites. This study was
performed on humans to investigate the physiological strain of wearing gaiters and to compare control
gaiters that are currently on the market and new gaiters that are developed for alleviating heat stress.
Experiments were conducted in a climatic chamber of WBGT 30.03:0.7°C under five differed experimental
conditions: None, Control A, Control B, New A, New B. The results were as follows. The temperature
inside gaiters was significantly lower in both New A and New B than in both Control A and Control B
and the difference between news and controls was 1°C (p<.01). The humidity inside gaiters in both New A
and New B were higher than that in Control A, and lower than that in Control B (p<.01). The outermost
surface temperature of the gaiter was the lowest in None and it increased in the following order: New B <
New A < Control A < Control B. Mean skin temperature was higher by 0.14°C in wearing gaiters than in
no gaiters. Skin temperatures in lower body were lower in Control than in New and skin temperature in
upper body were higher in Control than in New (p<.01). Local sweat rate, total weight loss and subjective
sensations did not show a significant difference according to the gaiters. It was concluded that wearing
gaiters affected distribution of skin temperature and local sweat rate.

Key words: Gaiters, Temperature and humidity inside gaiters, Local sweat rate, Skin temperatures,
Extremity; ZH{E, Ziihl] 2=} =, S200%F, 972, AR RRS
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ZHHEE I 288 4w kA &) 9 u)gkel, A% A FAdaEo] AR
s ARMEE F& oi7kA] TAY e o A} 7hab o whitol £.0 H oo wlE =l A%
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& Tunstall, 2004), ZHgke} 2H-8-0] Q1A A& =4 |
AUFIE 93 v F d& 2o = B

et AFG8 Zhike] Ao A A Nkgel mlA|
= Gl gsi AR e A gl Zh A7
ATFEE £%E FYAEe] 129 HEe He A
Z2RE 233 93] FLshe ikl gk A7
(Proctor, 1983) A7t lEd, o] HA] Zhake- s) kel
F F3A Hob 2388 930 YA L wEo|.
o|XH, AP Zhite] 2hg-o] AA Aol A=
Gl g8 A A7 AT & 4 A

S, A2 AE, ZE, g F9] AlA|
£ bshe HEFEEA, XS, 1987; 0|44 ¢,
2002; ©]&Y1, 2000; #E, =7F, 1987; ma £, 2005;
Watanuki & Murata, 19949} B.2& 23xo 2 3l o}
2] B % T (Rissanen et al., 1996)2] &-go] ¢1A|of ]
e Fuke s dF50] dF 21E vf Jout,
PR HAg FAolt =2 A el A
el A HEH T 2H Y 448 Zhite] A -$-
B8 Yol B FAYPFdA eI Y3, oF
24 379 JFE AHHLZ v S Fol &
ou2 484 FAYL A, ¢ oA
A A, Zhke] Zhgo] A AR RES- v = g &kl
ez AHE Fart o

wEp B dApeM e AR, O AN 4yt
Zhgol] ME JNA S AR, EA, G 2
Eg & AZE EFo 7 Az A zhikak Al 2+
g 28 A9 el A nkg-& v wa) Bz} g}

II. d71ake
1. 2tk ® =t A =2

A ARHIL Qe AAE Zue] {2 AA 2

, 2 Boink 2= el ABR(INER)F
Aur oz ga Fol o7t AL 9] e 4t
k| e FE7R] R 5 e EEe
2 Eo] Y3 Fe<d BEFI A vHR)e] ok X v}
AE o) gdle] ke RLYPS 2T AFEHA
006)°ll W= AEFY Sl 28 L 0.02cl0°) 2, B
EF2 0.05clocll B33IA U, 54 A% 8% I
FE gdez A d@EA S, 1, 2007)9
£ v 295 o A 92 Q1 ste 7k &2
o] B2 2 NG 2EHLE U Aoz x
AFEL v} Qi) olo] ME 2E# A FHE BHoRE
& Zurg o3} 7o) A skt
A zZhbe B 2ol FAeE= FE HAL
10cm Z9] ZFMEZ o] R0y, 24 A] AA o €&
Hx g2E gutshe S48 7Kt o] BAE 2
317) 98l E714S 7AE wA AAGLE 100%,
D= BAF 75.2&/5cm, A} 65.6%/5cm, FA 190.2¢/
m?, E7)EH% 39,060cm’/min/em’E ©]-&3te] Zhut
< MEsigrt. 9, ol =Y HEI o7 RRE| &
Z(2cm)2) AFMES o] &3H L, WM HA] 24
7t FHRE AT VS uiAE] HsiA H A
o] JE=Z 7P v A stk 2 Al Bk
o] R ZE 2] 3] 2t AolE Al Zhte]
v A R, 7 SRS ARS-she] Zte
% 5Fe =90}
7t zhgtel A A<l Heje} FA = <Table 1>3
25, 4@ A Zhit v)#-8-A] (None), Al 25k 2%
(Control A, Control B), 7)'&t ZHit 2% (New A, New B)
o2 & 57

*
[\

2. O EXtet HEols

AA AZFe Al I} g (FHE 26.81£3.34, A%

Shape

17.5cm
18cm

13cm

Weight(g) 40 100

33 48
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H2 aZ0IM A28 218t 28 A0 IHddHS 119

174cm, A% 678+40kg, AXEH 18£0.1m) o
oz, A&y Il WF(circadian rhythm)y& 372
3t 54 AZH el AgstEct. wHR= Aol 2
P07 ozt o, Ag Wil s 83| &
A3 =E st

Ao R-& 1d(%Wg), WE(74g), T H=(245g),
ZHEA (391g), B d1g), L 271(249g), S 8H(1457¢)
& YA AL3 T ERA(TIC, 65:35)2 ALl e
QB8 BFE W 100%5L, SHAEHE A 9] 3 JHg-0)Eo)
% FHL 1,090g015t}

3.MHEE W AHLY

AT BHxAL H4 488 e d 4
oA 33] o)) 23 AAS ¥R 2 Z WBGT 300
+0.7°CC1L 3444£06°C, 6% 60+4%RH, EALL
35.31£06°C)2 At APAES 47 A A
& 2N B E ol S48 A ¥
13715 4 A AFE 4 7, dgeBEor
Zolla £4 71718 FaEsigen, o F A F
Aol asted A Ao st} $H10E F
GRS 0% 58 F 43 ubE AT £
W E 2% (Metronome)yS ©]-4-31< 120 steps/ming] Y%
&52 A7 33t

4. £4ES

mEee Fog WulAE|(LT 8A, Gram Corp.,
Japan)& ©]&-3lod, sR-¢(olnl, Wi, Wk, &%, tiH,
Fotd, &%, dAurEhalM EXE4 3, Hardy,
Dubois®] 78S g3t FFIAL&(THE A%
9ok AF(T)S 138 FEE 7). AA4e 18
AMNE A Rl F 12em At A AT 4
712} Ful-8 Aol EE o8-8t Zhik HolF HE
22§ 2RsYx, i) £x9 k) == F
¢ 255 =3 7](Thermo Recorder TR-72S, T&D
Corp., Japan)s ©]&38l9 Z43irt. A¥rHRE
4Juk4= 27 7)(Polar Sports Tester, POLAR ELECTRO
Inc., Finlandy& ©|4-3lgom, RE 2AHYEL £
7H40o 2 Z2AEA .

9318 (Total weight loss)& Q11218 (F1508, Satorius
Corp., Germany)g ©]4-3l] A9 AT AFusiges
AT}, 423K Local sweating)S ] 428 (Craw-

shaw et al, 1975y ©]8-313, 12em’(3x4em)e) AFA)
(Filter Paper, ADVANTEC TOYO 2, Japany& 2%} %
Folg] Fojo] A3 AP AF FA Ao)E AN
ST,

A 7HISO 105519] 9% A E), F&7HASHRAE®]
74 A%), AHAZE L7298 83 9] 43 HE)
£ A gyt 2e 3ol tia] Akl 3, gt
7S Maruta9} Tokura®] A =5 53 - B 57 A
THEL, T84, 1994)E o83t 7t 28 29
o thaf AT 74 FE-2 108 THE o= 7|E3)
A QR 7 JE= 2 ADAFE g2, 4309,
281, et AEt F AH S o)t

5. SHEN

AH2AZ AR Zol B F957] 99
SPSS 12.02 o] 831t AQulx] BEAEA L A4
%, Duncan®] THER|EE o]838le) AFSARE &4
THp<.01).

L. Z3 3 D3
L ZHHY 259 &5

ZHh) g ARy, U Lo s A
Qo M= Al ZPH(Control A¥S 34.4(1.6)°C, 7N Z+
Wr(New A)E 33.5(L.7°CHL, HE 2909 1 ol B
71 FEEE BEIYelAE A% Z¥HControl B)
2 34.6(1.5°C, 7NE ZHikNew By 33.6(1.8)°CH .
AR T BEVY B A Zhito] AJgh zhutel] vlg)A
Zhh) 257t §93HA 2uthp<0l). 2l §%
= AEK]olM e A% ZhH(Control A)°] 54(6)%RH,
7k ZHkNew A)P) 55(5)%RHS Z, BE]dIM e Al
g ZPH(Control B)©l 57(5)%RH, 712 Z}¥t(New B)©|
56(4)%RHE YJERT, 712 ZhE] New At New B
AlgE guks ZHkg) Control AR YR F-93lAl ¥32,
A3t 23u)3 ZHke] Control BETH: #-2l8HA] wigith
(p<.01).

Agh zpgkst AN zhdkel 2kl e He 1°C
9] xolE B, AT AERIF /Y AER)S BE
Q] FgAETh L2} wgke), Zhh e AE A
2 308 A7 E N 2Rk A, BERlo] AERIE] A
¥ zhatE thE ¥ 3L BEFY 9] Al 2RO Bgte
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Fig. 1. Changes of microclimate inside gaiters during human wear test.

1}, 308 o] FFEE BEFIQ A Zhtat AR g
< JeERthFEg. 1). 71 Zhto] AlF Zhate] vlg)A
Y E2EE foiA dou, 2 $5F 45
e AEE Boled ol Al zhitol vlsia oy
E FEshe wEo] gyl Wior Azher) Bt of
va}b Ak Zbgk 28 Alof) whglake] Frt ko) et
1}, oj3lo] Zhh] o AL nji Aoz Azt
H ol Folele] deteg ZHAANA FAE AF
3z} s,

7k v 28 Ao FolEl B9l FHoE & ¥y
25w 334(1.5°CHAL, 4y F8A Bd 799 F
A% FHLEE AR e AlE ZWH(Control A)
o] 34,1(1.3)°C, /N2 ZdkNew A)ol 33.7(1.4)°CHAL,
BeRJ ol M A9 2} Control B)o] 34.3(1.4)°C, 71
1 zhgk(New B)ol 33.6(1.5)°C&E Vel thp<01). 2
g 28 A7} wl &g Ajol v]E] BHexvt 22 A3
£ E3)4 zhitolgle RETe] Fgo] 9= W
LEENSNES G S UL EF F IR B B
T 7R Zhate] A\ ket e 252 el A
L2 nFo] Zuhlio] F71&E AFUA A F
= dAkIS 5714 e AAE Fe5s ol J
9% HH2% Al 4T F Aoz AzEr) o
© HE-Eo] AR F& AgolA HRmoA
HojA4E THLEY 2ol oushy, 37359
o] EF5E F7) ol USRI o Zlo] Zut
W 2= 2 ol HRe AstozA 9L vjH A
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o2 5% 4 g Aol

L.

R

2. 482, HE2, dEs

21k U138 Als) 210 B8 Ale] HEwEee
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# 0.14°C8] #elE BRIth(p<.01)(Table 2). ©12 ¥
Ase g2 A &5 A, 4] A8 {f57F
PR FAHeE 8 9% vt
A-g AlALstE, Ziake] R B Ao whE {9
A JeRR] gt

Zigt g0l u}E FoPd PR &g A EY, oln},
o 72 Ak mR20) e Al Zhve] A 7
Rt BAH R AV 23, U, HE 2 3
HhAl B 52-9] 739 Al Zhite] s Zhit Rt FA
Aoz W2 TEE HTHp<Ol)(Table 2). HEY
H2o Fod Zfeolrt gl vl R9E 9§29
AAME AT F A Zhite) wEt o AEE B
o|a gy} ol % AL 53] AetYelx] FlsA
vehted, ol Alg Zhie) ke A=rh AN ¥
Fo] BEE Walsta o)Ale] thA] shitile] -2
& 93 E AAE fod o2 AdAY F2x4 7)
Ao 2lste] gtala shtale] v Re BN Afo)
§ Hol Ao E AztEr) o] Ay MPA-TalA
T R3] ==, N 2 elFUelA A <1E, 2000y
29 AR o] Fetd 2P HAFERY
Aty s &, 2EE REFF 24
HHE9 3FE gulshs AR B Aol Al
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Al 7hgke] QFgel Rl vA Axe £EY
A S} BE, Z3(1987)Y AFAME K
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Aoz AZE BERIY MY Zhitol M= m|2-gA]
Bk wrte £ gR2o] 2318 WA Ueht 7
BaAde RAFT o3 495 53 A7 o
2 Zhge] 57t A4l A BRI g v)
A& & 59

AL AER)9) A, A3 ZHH(Control A) 24
Al 7Pt #Ra, BEFY S A4, Al# ZHH(Control
B) #& Aol 7FF Edthp<.01). Autre ARl
A4 Zhe] 27 2 4 oo ©pE FORE e}
WA S, BEFYS Al € s 2k B wja
£ Aol ¥E & 7 Jelgp<ol). Zhit §3
o e Fo3 Afolg B AR W A zhy
25 AERS] 34 Al7L BERY 28 AR Yuker
PR (p<.01), Zute] FFZE FAH FAdA=

Bolx| ¥9kth(Table 2). ARA-E A FAFEL H
o]x] ¥, Ayt A9 FUT KA Al
AL kel XolE HolA] ge FOE o
e s Ao e A Zhike] Ggo] YA s
UehA] g 2o 2 AzkEn o) Zhike] S EWHA
o] tjElg) ARB T HEFHE LB
uke] EF7F Aol e S VXA $1,

Y
il
%
J:'L

Table 2. Skin and rectal temperatures, heart rates according to the experimental conditions

T

Troreheat (°C) 35.30(0.5)" 35.64(0.6)° 35.54(0.4)
Tabdomen (C) 34.67(0.7)° 35.10(0.8)° 34.78(0.6)°
Tam CC) 34.94(0.6)° 34.86(0.8)" 35.00(0.6)°
Thana °C) 35.02(0.7)° 34.92(0.8)° 34.92(0.6)"
Taign °C) 35.00(0.8)° 35.07(0.8)" 35.20(0.8)°
Tieg CC) 35.54(0.9)" 35.51(0.9)" 35.77(0.9)°
Tioot CC) 36.21(1.1° 36.26(1.0)° 36.45(0.8)°
Tioe °C) 36.22(1.5)° 36.15(1.5)" 36.56(0.8)°
Ta CC) 35.06(0.6)" 35.22(0.5)° 35.20(0.5)"
T: C) 37.53(0.2) 37.63(03) 37.53(0.2)"
HR (beats/min) 90(12) 92(11) 91(15)

Trorehead °C) 35.30(0.5)" 35.70(0.5)° 35.70(0.6)°
Tabdomen (°C) 34.67(0.7)° 34.83(1.1)° 34.69(0.9)°
Tum (C) 34.94(0.6) 34.98(0.8) 34.96(0.7)
Thana CC) 35.02(0.7)° 34.84(0.7)° 35.00(0.8
Taign CC) 35.00(0.8)° 35.16(0.8)° 35.18(0.9)°
Tieg CC) 35.54(0.9)" 35.73(0.9)° 35.89(0.9)°
Troor (C) 36.21(1.1)* 36.27(1.1% 3637012
Tuoe °C) 36.22(1.5) 36.11(1.9) 36.14(1.9)
Ty CO) 35.06(0.6)" 35.19(0.6)° 35.18(0.7)°
T.(C) 37.53(0.2° 37.44(0.4) 37.59(0.2)°
HR (beats/min) 90(12)* 93(10)° 96(12)°

p<01

Values are mean (SE). Superscripts of each value mean group divided by ANOVA and Duncan's post hoc test (a<b<c).
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9o} FAdgEe td o). AElglY] A9, Az
29o] wahge Al#zhikControl A)°] 0.70g/12cm’/
hr, 729 (New A)©] 0.64g/12cm*hr$d 3L, Eola] B
$]¢) w8ere Control A7} 0.20g/12cm’hr, New A7t
0.21g/12em ¥l T}, BEFY ] A%, A7 F-919] wst
%2 A|3 zhik(Control B)©] 0.75g/12cm’hr, 72 2zt
HHNew B)o] 0.68g/12cm’hro] 932, Fole] F-9j¢] wt
%S Control B7} 0.17g/12cm’hr, New B7} 0.20g/
12em*hrol G hFig. 2). FARHEFE EANoR &
ok o) & BelA & kot Ald Zhwts A 7t
HholA] Aol gt A S e

E A#E E8) 029 2R ARE ¢ F
AR, & RN &5 A AL Fehel 2
o] AR (FolE] F-9)o] BeFRG Boie AR
olth, ol# g A oY MYAFH@EIA, FH

14 ’—
12
1.0
08
06
04
02
0.0

Scapula

Local sweat rate (g/12cm#hr)

03
Leg

02

01 +

Local sweat rate (g/12cm?/hr)

CommlA' New A [Conﬁ'clB

Total weight loss

Total weight ioss (g/m%hr)

Control A New A Control B NewB

Fig 2. Local sweat rates and total weight loss
according to the gaiters.
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3}, 1992; Hertzman et al., 1957)oA = olv] &l=l
v} ik E4), AEQ) S} BERY] EFoA Al Zhgto
e Zhate] vls} Az BHdA e 258 wkge]
23, FolgdAe &3tFe] Frhe Aot} ol
g 2-$lol FejFol} o] WolXH I BiiE

o] 2318 B& ¥ ol W= ¥ 9 ANEA
8h WK, 1982; 4, 1973)°] dojkty] gL
AzbAh &, A 7] gEe] Fo} v wele]
g ¥l ﬁOE AzEv SAH fege] v
EREA] gFol ©eldlrle o). Wi 2d E 8
WA AE g Ao MIIFFH Y, A 1987
A= ZAME v} ok

ol9} & ol f-2 FUgol S A At A

Ale] 231 ] STt 2 AM B AHE 5
Aok, &, k& Ug 402 ) AR Abte] Fof
7] 59 @8go] Bo} o]Ae] i Gx2 Fid)

T g%ke w3 Ao B £ ] diFelth

F28FE ABFY oAM= AlF ZHHControl A)°]
110g/m*/hr, 7He Zhak(New A)©] 120g/m’/hrol 2, B
E}glol A= Al ZheH(Control B)e] 113g/m*/hr, 7}
ZHik(New B)°] 120g/m’/holGet. BAF SR Hol3)
A Fgoy AERIF BEFY 25 g Zke) I e
o) o B Ao 2 UENTH(Fig. 2). F2atEelA
2] o] % A= A Zhke] W EH A o] Y7] 9
Fog Azter}t, AgdPoIME ojx RHdEe
o ¥ Zgshd wgte] Hrtsttly st FHAE, R
Ahl, 1982), M EHH ) o g Avld 4 Wrh

et

Foy 2%

N7 A, $57, G F3A b A
= 7] Fg o} d 7o) R ©E FAH
Q FAA7E JERGA] Gtk (Table 2).

zZgh V)28 A7) ZE Zgao vlE] FRFHeR
9 g3, g #39, o 48 Aoz 7Idqsigien,
g AT BHAE W R Aol gl &
& B0 e mlA] &xlet £Fe] WEF o] &
3 s Z4ata) [0em Fo] MEZR o] Fojz] Al 7}
Hhe] Bl Ao §9)3 2ol HelA] ¥ttt o]
g A o] = habztolgte a4 o w4l
=87 249 £59 947 daR F, 4E =

A0l ThA BHY HE & F Uk 53,
zhevel sjEH o] AN 5~10%) B35, bt
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Table 3. Subjective sensations

Thermal whole body 2.70 (1.1 2.87 (1.3) 2.86 (1.0) 3.02 (1D 2.86 (1.0
sensation ankle 1.96 (1.4) 2.27 {1.3) 2.28 (1.3) 243 (1.2) 234 (1.4)
Thermal whole body 1.70 (0.9) 1.76 (0.7) 175 1.0y 1.92 (0.9) 1.89 (0.8)
comfort ankle 1.44 (0.9) 1.46 (0.9) 149 (1.0) 1.63 (0.9 1.45 (1.0)
Wet whole body 1.79 (0.9 1.96 (0.8) 2.00 1.0 1.90 (1.0 2.21 (0.9)
sensation ankle 1.34 (1.0) 1.55(1.0) 1.60 (1.1} 1.75 (1.0 1.71 (1.1)
Pressure sensation - 2.88 (0.8) 2.78 (0.6) 2.79 (0.8} 282 (0.7)
Values are mean (SE).
of FARE AL o] izt 3159 YPRE  Fo] WS o847 71T ZuHAB, BERI)l Tl
e Rad Eaee Agel FRE gzol  RUw FugE ABKIY A% Zwnckes ¥2, o
Ae FEo] FhH 2R AA vehd Ao R 2] F9lo} wE U7 vEEE BERlY] AR 7}
Aok &, AAHR] dolH = 238 25 2 52 8 W O Bk THp<01).
73 x| YHFOE DA ALY T FRA T 2) Zhat ZHg H9olx ST HAF FHI =T
ZHo\ A L WA BP o, zhiko] HA 24y Zhgt v akgA o v, Zigtk 28 Aol wghd, Zhit
Aol 8H Y FesE BE7de Ty, g o] FFo] b, AERI S BER] EFIN £7
AIZE 38 Alole 34 el x 9FE vA R AE WA A 2Eo] MES o] &7 N Zhgk
2 3z o] 10cm %9} st IFMEE THE AR e

29, ofe] Fo WEF o] g3je] SR bzt
2 ZHE HPATEHE, ZF, 198600 oo
FEE =717 e D Fo) Tem3 L ST A

B 2h9) 7% 10cme] £ ¥ ohe} B 29 A
AE e YA T uigel v o
o] Anz FjHo) BaFe ¥ & o

IV. 29 % HE

te®

2_
35

AN AFH & Zite) 2ol
R R d R L ded o
Aeiukg-g vashs 248 BHoR 319
of Zhgte] g oz s fUHE AE
g B7AA717] 98 b J15e FA5
li& ZhE e Bri4o] 948 ke AF
WBGT 30°CE 43 H U375 2t
i—}%)\?, A 7 23, A 24 0%9) F 52
of i @A) Ay, F44 93-S Hristad
A o 7o},
D Zhnl &Xv ABNIF BERY) 2, 714U
= WA 2% A% HEE o]4 Yzt
7 A iR o ek (p<.01), 2 Aol B
1°cieh. 2 e BU1ANE WAl 29 &
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o 9% BHLEst v YERETH(p<.0L).

3) B e zhil 2 A7} 2l o2k Ao

vz} B 0.14°C o 2 259 k!
HE2ME shal gygo] AL, 10emd Y
IR ER PR Al ?%*”01 EN4e AA &
Ao 2Fo] W= o]F ol JE ZhtR o) WA,
Aabal 5320} 749 Alg 7hgte] Q3] A LiE
S Hp<.01).

4) 7t g g S
o7} Zoly] RLBT B9k
o]&} %tort, 10cm 3«1
A ke B de
FA3E A Zhike]] Bis
Fold] ¥9)e] Lstge
oA dAHA] Fkey
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