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Abstract

The purpose of this study was to evaluate the efficiency of cooling vests developed for farm workers
harvesting red pepper in summer. The study was performed using the following two steps: 1) Climatic
chamber test, 2) Field test. For the chamber test, a work environment was simulated as 33°C and 65%RH,
and the thermo-physiological and subjective responses were measured with and without cooling vests.
Twelve young males participated as subjects. For the field test, three farmers participated while harvesting
red pepper on the farm, in summer. The measurements used were same as in the chamber test. Subjects
were tested without any cooling vests, as a control. They were tested wearing vests with 2 frozen gel
packs (C¥2; Cooling area, 308cm2), and vests with 4 frozen gel packs (CV4; Cooling area, 6l6cm2). As a
result of the chamber test, rectal temperature(Ts) and mean skin temperature( T ) were lower in both CVs
than in Control, and this tendency was statistically significant in CV4 (p<.05). Clothing microclimate
temperature (Tc,) and total sweat rate (TSR) were significantly lower when wearing cooling vests (p<.05).
Heart rate (HR) was also lower in wearing cooling vests than in Control, and the speed of recovery to the
comfort level was faster when the subjects wore cooling vests. In addition, subjects felt ‘less hot, less
humid, and less uncomfortable’ in both CVs than in Control. Field tests showed a similar tendency with
the chamber tests. In particular, wearing the cooling vest was effective in restraining the raise of Tao on
the back. It can be concluded that the cooling vest was effective in alleviating heat strain and discomfort
in both the chamber test and the field test, despite the cooling area of the cooling vest being just 3.4% of
the body surface area (616cm2).
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g R-2H(heat strain) 422 913 Wkl 7o} #A
ATE Al Wz 29 Wz, Wb o xlo]o
o3 G5} § 4 A B 43 Bol FH o] gt
ol 8 b & & AE AR, 58y BE o8
2 AYa, 2 doelA FAYshe A4 =5AE
ol Mg B AE A8 A B3 FHAA A
91 WY 7}31) (Personal Cooling Equipment)®] E&-0] 3
AE o] $kO1(Allan, 1988; Cohen et al., 1989; Fea-
therstone, 1988; Frim, 1989; Proctor, 1988), & 2]
o 3t AN AuFd ez A 3], g9
d23 FAY /M I8 AP R qdAXE IF
58 Qe ASEshd, 20, 1991), 2k A
33 RAAE 2A|, A A 8, wEle] s
5ol #APY ¥ 8loz FHtEIKChoi et al,
2005).

A N YdR7E F2 229 AullolA] 2
dohe =EAES H% Aoe= 27 AA FAR-
Tkg)Z Q13 71 Bt o] FAE X4 th(Bishop et
al., 1995; Chen et al., 1997; Constable et al., 1994). ©]&
ZAAE E2RE BIF} T WHASAI R
AT =87] sk FAL AES A YiE
ol Aty W& A 8, A<, 2001) oo

HJLrﬂ

A zte) 5 Wzl AA e B BEole), o2l
gele) Whzrle 87 L7k At ¥ 39

2E 34 AGAE 98 ALE Ao sh=e] o9F
2 Aol FAZE ZAYFsor sl FREANA= &
2517 ¢t} Bishop et al.(1995)2 3kg3t Skge] o5
Zhgo] oa] =] thalgko] Z}7} 5%, 9% ST
3 B399 01, Holmer(1992)9F Hanson(1999)%= 2t
Al 218 FAZL W}%—% Z4 4 deka &
o} wpebA S 8 FES g YR We F
AR Qg Faglo]l Adle Wzt §3& FHA AAL
Ao gHAo FFF 4 e e} u}az]w
Zolt}. 2 F¢t A Wzke| Foll 71A, AA|, 2

oy A #E o] g3sh= W] ol AEHe %h:}
o] F 7|Ay AR R Lot A o Yzt g &
| Bl 337 (Epstein et al., 1986), 71A} AAE o]-&
3 Y F7)e o8 FF3s Aule] A4 il

Zto] W e Ao v W7k o AL s
%314 9o (Nishihara et al., 2002), Y% Aot
& o] &3 YAe] sy AAE oL

[«

e b

draluot AiA e g o 7M7) wEell (Pimental
et al, 1992), & =X J) A & el TUE
AL A Wolh B&E ol &ek Wol T T #
£8 0|2 A=Y

23 3 Al 49 g A%e A% 94

7 Age BAoE, WA 4BE 1F £3 HYA ]

29 97 2 59l w5 FYS ALY (Choi of
)=

al,, 2005), ] & vlgoZ AE
Yzt Bogy 4R s T
2002)% Y4 SA9l, FAE Hass ¥4z
Z sl B Aol s sitE Wzkzr) e &
& ZFE AZ37] A AR, 712 33+0.5°CH <

71 ZA A Wtz 2o B 1 FE Zhed
ke Alg Ay, 3 g BXe
e HrslHa, A, AA q48H 15 g &

ol sAAAe) WAz e mde 37}

g AP T4
TR, PA4,

i}

o 12 of dlo oH
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1. ot
1. 912 7|1EA0Me W2t=xy)| 253 Wit

1) TEXe MY o|=

@A A g s F&
A FeolMo] A4y HUHE AdE e
3 Wl el 12Ho g, Ha AF 254(£1.6)M,
7] 173.1(£5.0)em, B5FA 69.3(£9.8)kg, HMEAZ
1.84(+0.14)m> Atk AY 4L A 7R 2 Wt =
7E YA 2L A (Control), YzH27]2] T FH9
oy = RE L-*E ZA$-(CV2), 7HE F-9o F 7N,
32 A¢(CVHe] A5 Bl ast
AlE) 1/‘]— @a}(Chox et al., 2005),
Enls W 100%] 71 2 A
z9} 71 Fud Ao R J‘E Z74A 718 &
fo2.e 71 @ W Mz5599% 71 ¥ FEY vA

(23792 FLsIATh. ol 9] W) (67g), FL(40g), 2
AHdogE o A4, WzIE A48

A=t 3
BHA] e A$ 4 R28L 9F 0.5 cloX THISO 9920,

2) HeEl H2kx)|o E4
W2k o) Wl FeU(<Fig, 1-A>2] 7, 8)& 100
% VA& v} AR Ho] glon, Wu) EeuUS

~1177-



130 SR

Vol. 29 No. 8, 2005

A. Unfolded Schematic (The inside)

B. Climatic chamber

' C.' Red pepper field

Fig. 1. Schematics of Cooling vest and wear trials in the climatic chamber and in the field (A-1 Buckle for fixing;
A-2 Elastic belt; A-3, 5 and 6 Bias tapes; A-4 PE Mesh; A-7 Cover of pockets; A-8 Pocket inserted frozen

gel packs).

A 93 278 BAE 100% Z2 o) 2B 2 gal 2
(<Fig. 1-A>¢] H)2 A&l FII4E Ho|HA &
Aol FAE 290 Wole] =71 14xllem (154em’),
& A FAE 180goIH, WrlE ¥A) % 27w
FAE 87gelAth. 71& YAz EL 27 FA 9
g 7 Rgoz s Wztasst AdEs s Yo
B A7 sl Wztzy) Cv2el & Al E447g,
CV42] & FAl= 807g0 2 7|&E Wzkzr| B vl ¥
53] 7Rt cv2el A Yrirt ARlshs WA, S0
ZbH AL 308cm’, CV49] WZHA L 6l6cm e B

Aol g W@t Ha AFADY 1.7%, 3.4%

o sldstct. 33°C Aol #AAE X Y3 T
738~ Wzkz7) Qtel ol Well= oF 150% &<t W2t
sHo

3l ol 87 2AL 7L 33£0.5°C, £%
65+ 5%RH, EALSE 39+ 1°C2 WBGT 33°CE %
ASATH A YF7) g5l TS H4FE)
sl 2 AEL 5 A17H10:00 am)ell A)2Fshsict.
SPAEe 49 A2 Ha T A 5 ES A
98ty FHsgon, ddxZd g B¢ H g9
g Has 57 A8 4 AYAEL ST @
HY £ A7 Beote Agge] =&sgy o2 A
7R @ 7442 A4 3dS X J8
ASL F 715dg Eojrlr] A Fu|doN 23
oBo= Zo}l Qla &7V FAsIH o, Ay
F Q¥ 7)1F4AZ Eort AaX AQdS AT
olF NFA W YL 13 £3 FPL A EY A

Ol

4, 503 24,

P

P Ao 2 208507 F, 102

108 #4) =2aith Agol Sol/b7] d 8¢ &
23 oA ST A 5% 2EE B3N @
skek.

ZHEE F AR E(T)E FHE A ZE(LT

8A; Gram Corp., Japan)E ©|&-3t] A2 1] 12cm 4}
date] AU HFEE(Ty)= FUlE H e 2E
(LT 8A, Gram Corp., Japan)& °}8-3l9d dF 9
©lnl, 8%, o1, &5, WAL, Folal, ¥5)&
Z43% & Hardy & DuBois?]d] wjg} Fadf2=
(TWE ADSIAT G W SE(Ty)9 98 U] %
S (Hao)= FU8 o8 ) 25=7]|(Tabai Espec, RS-
10, Japan)= 7k 5 B4 S Ak
(HRy= Fuil-& Ayl =4 7](polar electro sport tester
PE 3000, USA)E ©18-3ll S 3Tt Te, T, Tetor Heto,
HRE E5 1% HACE 25 4. U3
(TSR) 14| (Satorious Company, F150S, Germany)
& o83 A HE AF tﬂi}"*oi Adsrdct. g

|
M7 8, AEY R FEV AEe 108 =
TG AEA A 225 71E5H G}i‘ﬂ A¥L 7
Jz}e] F AL} 39°C] ol2E AY, ARLEr}
& A7 /\IEE} 2°C o LE2&= A, e A

AE, Be HyYar 228 st

BE YA, F4 0kg Ahsel ol 120
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A BAS AN, fele =ol thal] Duncan®] 3] Agel Fedsiaict
ALE AAS FYsidth 848 whe AnEL 7
EA% g g ug 58 AN, ST 7 3) SHEN
FHEAN L 1Y) af AR AAEA p<o5 < ed 873 3t el g kol oisl B+, BFE
A4-E Folg 2ol 2 At 2, A3k, A ASE 52 ANAL, ¥R
£ 23 A4St ZA83HA] e-2 7-9(Control)
F 8 =Y HFOA S W2z HE5H 7kl zto) & AZ37] 943l Paired ttestS ©]8-3ATh
7} (p<.05).
) Xt Mgl . & 2t
M Yzazze 84 FEEH A5 A o
23 3% 58 AL sk dA4 FHL A B 1. 213 712NN W2tz 28550
(o] 52+ 104, 71 160+ 2cm, BFA 67+ 3kg, AFE
W2 1.740.0m)°] AFAZ rreiAeh Al He| 1 HEERE 3 g2es
Z 58 A AP L Hy 1522908 sHE w4 AZLE (T FHE U ME ¥ CV4E FE-
olgon, #dY § 2FAA AL At 52 3 S0l 8 F 7HX AR folahA wkew
& AWe 71T YA ol A AR 9T, (p<.05, <Table 1>, <Fig. 2>), CV29} Control 7+ %9

A gl the) FE3] SAE FHE A sl
HARATE APLE O SRASHAT £ TARl Feqdt

of 7} srlo] 2e-3) OB A W BF R 71 & e
o} gke 71 A B upx), A g ma), A A7t WE,
Ha)zlo], ot 8] H.H, 1SO 9920(1995)01 2|3
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g 2polx ¢tk &, T2 W 5 Yo F
A g2 gzl g8 el TS 2AE BR
o, gulE T3 7kE e 7 Y
o)M= FTFe Ukt oA quqiwi“’éLE(T,k)v“—
Control Bt} Wztz7& 283 74 9o o Wten,
CV4E & AFoE Controls] —riﬁ]- £-2) 31
2 THp<.05), (Table 1), (Fig. 2). &, Yx71& &
gapd ZFee e ASRT Twot o 97 #4
Hom, Wuls g3 Holl F Ay B Aol 7t
A otk T8 Tyo A= Al 24 F CV4E
2hg-3k 9ol 7 A QA th(p<.01), (Table 1), (Fig. 2).
T.7} 38°C o) &817t 74 9-i= Control®] 7 - Tt
/H td CVZ'— 5}_&5]- 73_?_ E].A—] 1::1 j—a-l— CV4—E— zHZL
7 ‘:ﬂc’]‘}io‘ﬁ A G175 (heat storage) =
$of) 71 HAtH(Table 1). F-& T5
Rk H H4je] 79 Control EU} CV4E Q&
46}711 H Ysko v (p<.05), £33 2ol 5=
&ﬁ bl F-elgt ZpolE HolA] FYTH(Table 1),

[}

&}

L,

)25 2 Y&

7he 79 B Ul RE(Tw)e Al 27 F CV4AE 9
2ol 7Hg WY (p<.001), & %4“_:2: ¥zehe
CV25 & 7399} Control Z¥ell f-2]8+ Aol 3t
= gl tH(Table 1), (Fig. 3). & *9 & W &5 (Tuo)
v 924278 94L& 7%l Control2Th F-2]3HA v
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ZFO.
A=



132

8t=20|=8l3]

X

Vol. 29 No. 8, 2005

Table 1. Summary of thermal environments, physiological and subjective responses during 120min exposure. in '
climatic chamber and during 150min exposure in the red pepper field

Climatic chamber Red pepper field
(10:00-12:00 am, 12 young males) (1:30-4:00 pm, 3 women farmers)

Control CV2 Ccv4 Control Cv4
Tair (°C) 33105 33.3(0.9), max 34.8 29.8(0.6), max 31.0
Hair (Y%RH) 6545 48.3(7.5), max 64 65.6(2.2), max 69
Tatobe (°C) 39+1 44.4(1.1), max 46 40.7(2.3), max 45.3
Vair (ms™) 0.1 0.34(0.21), max 0.62 | 0.08(0.07), max 0.24
WBGT(°C) 33 29.4(0.7), max 30.5 28.0(0.5), max 29.2
Te (°C) 37.8( 0.3)* | 37.8( 0.2) 37.6( 0.3) 38.0( 0.8) 37.5( 0.1)
ATe(Tre at 110 min.-minimum Te, °C) | 0.59( 0.28) | 0.53( 0.20) | 0.20( 0.33) - -
The number of subje(gts who showed 5 persons 5 persons 2 persons 1 person None
Tr. was more than 38°C
T« (°C) 352( 0.6) | 34.8( 0.6) 34.5( 0.6) 35.3( 0.6) 34.6( 0.4)
AS (W/m)® 26.6(10.7y | 22.7( 1.1) 14.0( 9.8) 45.9(11.6) 26.0( 5.5)
Tabdomen (°C) 34.7( 0.9) | 34.2( 0.9) 33.7( 0.9) 35.5( 1.0) 34.4( 0.6)
Thand (°C) 35.7( 0.4) | 35.4( 0.5) 35.2( 0.7) 34.7( 0.4) 35.0( 0.4)
Toot (°C) 35.9( 0.8) | 35.9( 0.5) 35.9( 0.5) 35.3( 0.5) 35.2( 0.2)
Teo-on the chest (°C) 33.2( 1.0) | 33.4( 1.0) 28.8( 3.5) 34.1( 0.6) 33.3( 0.9)
Teo-on the back (°C) 34.6( 0.9) | 34.4( 0.9) 33.9( 0.9) 35.9( 0.9) 35.0( 0.5)
Tt mas-Tel min, 0N the back (°C) 37.2~32.8 36.2~30.3 36.3~28.7 41.1-30.5 37.6~31.6
Hao-on the chest (%RH) 88.0( 9.7) | 93.8( 7.5) 92.6( 8.6) 89.2( 6.6) 89.7( 6.9)
Heio-on the back (%RH) 93.9( 7.6) | 89.9( 9.5) 87.6(12.0) 88.1( 5.4) 75.0( 9.2)
HR (bpm) 98(11) 93(12) 89(12) 89(11) 85(8)
TSR (g/m’/hr) 166.6 144.6 116.1 - -
Thermal sensation 2.7( 0.7) 2.2( 0.6) 2.1¢ 0.5) 3.0( 1.2) 22( 1.1)
Sensation of humidity 1.4( 0.9) 1.2( 0.8) 0.9( 0.5) 1.9 0.7) 1.2( 0.6)
Thermal comfort ¢ 1.2( 0.6) 0.9( 0.5) 0.9( 0.4) 2.1( 0.6) 1.8( 0.8)
Subjective workload e 2.5( 0.9) 2.3( 0.8) 24( 0.7) 3.9( 1.3) 33( 1.2)

*Numbers in parenthesls mean standard deviation.
)Heat storage(AS, W/m? )=0.97%(0.8AT+0. 2ATsk)Welght(kg)/BSA(m ), from Epstein et al. (1986)
O(Neutral), 1(Slightly warm), 2(Warm), 3(Hot), 4(Very hot)

C)O(Not both), 1(A little humid), 2(Humid), 3(Very humid)

d’O(Comfonable) 1(Slightly uncomfortable), 2(Uncomfortable), 3(Very uncomfortable)

e)O(nght) 1(Somewhat hard),2(Hard),3(Very hard),4(Extremely hard).

kO (p<.001), Al 24 BF 5 59 Ty} 71 59 BT} Ugto

wo} Fol3A ®Adth(p<.01), (Table 1), (Fig. 3). 7} 283517 &
5 9 B FEHwE Al 271 BFAA f9 2] A7

g 2}o] glo] Ha 80-95%RHE FA| 8+ 3L A7+l u} (Fig. 4). &

2} o7} Z7ehe A TS BT Table 1).
3) aldtrof ZHislE 4) FEY
At HR)E WZhE71E 288 Zd-%-9 Control M7

=058), YZt=27& &g
FET 27 {72 A7 e e F
ot FE7HA WAzt (Table 1),
t‘&%k(TSR)— Control 8.t} W¥ztz

785l

]_F:’_

2+

B3 A ol AU kp<.05), (Table 1).
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18 2% tH(Table 1). Control®] A% ¢ Hop &
2 8]0 13.5%S A Ao, Cveet Cv4el
S gobx 9k AR A ok &
e HEHo g AxIAZ FIAET Wt

Ho o ol
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mean skin temp.

r LN T T a
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Fig. 2. Changes of Te and Tk during 120min exposure
in the climatic chamber.

36.0
REK | R S
34.0 5
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35.0 4
34'0 -l
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H T T T T i
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Fig. 3. Changes of Tabdomen and Teo on the chest and
back during 120min exposure in the climatic
chamber.

‘FIhp Abolg Blow, i Fsithe

£& Control®] 7% 3.8%, CV2E 9& A% 1.9%,
CV4E 92 A% %2 B2y Zgo s &3t
Bohe ¥le2 A iTti(Table 1). 2L
wA o= k7 Bt of B sirh AL
(Table 1). Al 7FA] B¢ 25 o5 £
g Al AE gloled, Ha2gaA
, Y FAEL Control Ae]A 71 &
Pk, F27 JE7e HFFH R A GE

-

£
k
olo

a2

¥ Jo 5 o
K

rlo

i)
3R of
o

2

ool g
i
s oo
& of

v}
i)

0 20 40 60 8¢ 100 120
Time (min)

Fig. 4. Changes of HR during 120min exposure in the
climatic chamber.

__Control
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mean Tsk

Tab
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Fig. 5. Time course of T.. and Ts of farm workers
during the harvesting in the red pepper field.
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e o7k ST AbolE HSeH, Control®} 73

S FETho - JEThE S ol 12 s%a
AA o, WAz E AT A v ek
3 SEE AR AE U TH(Table 1). o739 2
| wheo2 Hrksl & o, d RS CV4E 71
&l et

i:1_|>41-

2. D S8 HHOIM YL XN HEEH

1) 2 &4

2R ol B9 3 AYEN B2 7} A 334
°C, 29.8°C, HFEE 48%RH, 66%RH, HAEALLE
44°C, 41°C, WBGT:= 29.4°C, 28.0°CATH(Table 1).

Tcl-chest

Tcl-back

Hcl-chest

Hcl-back

s s e o s R A s ey ey e |
0 30 60 90120150 0 30 60 90 120150
Time (min) Time (min)

Fig. 6. Time course of T and Hao of farm workers
during the harvesting in the red pepper field.
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4% 392°C7HA Estd oy CvaE A8 A+
o= A 377°CHA ALl B 274 7o A
a}o]E Hod FtH(Table 1), (Fig. 5). BFIF 2%
(T4)= Controle] A9RT} CV4E ZHEd A9
FrolotrAl Rokow(p<.05), Azt B2 45 H=
CV4E §2 A5 £ o 49dthFig. 5).

% o

¢

o2 i

3) o= LY 22 &T

7he B9 8 ] L& (Tu)s CVAE 243
1 33.3°CZ Control®] 34.1°CR.t} F-o] 37| ;‘9&3
HEp<oD), & 79 Tw= 7k F99 nHRE
CV4E F83 ZAfol 1 2 & Bol F9Uth 9
2 U FE(Ha)e 7Hs B9 39 cv4 Fgol 4
ol ¥l FEolen § FH= Cv4E 3
73 Fo5A 2okth(p<.01), (Table 1), (Fig. 6).

4) Mt

A¥RHR)E Control®] 73-¢- H& 89 bpm, CV4
2 283 A 85 bpmOE CV4 E A] o7} e

e Hol Fou FAHLE FostAe FUTh
(Table 1). 28{\} A7kl @& HRE CV4E 43
A% o kel e Bl FAT(Fig. 7).

5) T S

V275 28614 ¥e A4S ML Ho
3.0822 ‘grp Joy Cv4E =9

bpm
120
110 -
100
90
80
70
60

HR-cooling vest

120
110
100
9
80
70
60 -

HR-control

0 30 60 90 120 150

Time (min)

Fig. 7. Time course of HR of farm workers during the
harvesting in the red pepper field.
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or

@ 22702 7 YrP 2 =Zth(p<.01), (Table 1).
Controld] 7% F&74E e 19822 ‘Fotb=
oY, CV4E L Apele B 1288R
<Okzb g3tk I =ATHp<.01), (Table 1). & #H4
7+2 Control®] A% Ha 2.1%, CV4E 83 A5
o= Wi 18408 BT 7 B }41 _L_;a
(Table 1). ¥ &7 Control®] 7 %‘i?—
mi ‘o YETPAE =701 CVAE 283 7
B 23702 PSP =2 THp<.01), (Table
é A7) 15 A @AM W42 E HE
f&?é JE ", g, 2 e =20

SR

IV. = =]

1. 2T J| =AMl HZ=Y| 2E

FOI'

Q1F 154 87 LR W0 ANAES Hige
= a2a 19 F f\l{ Z ma te @0z
AREYT o ZAAA C
38°C o] A} AF&3H AlERe

o
*

53 oﬁ
o
32
o
2
A}
Rl
N

[o
P
=
]
N
p
oX
2
o
rr
we,

Woox rfo of o

iR A T_E]'f_?}l?]-(Parsons, 1988).

71E Y27 AFEANA WzhEAS AR
3,500cm’(Epstein et al., 1986), 1,340cm’(Nishihara et
al., 2002), T ) A EHE 2] 20%(Nag et al,, 1998)
oL} B A AHEE CV4S] WA AL 616cm™2
2 & A FEA 3.4% BTt 1A £
83 CV4 ZHgo] AFLE 4o JAReE=s
CVa= ME Bg Aol &3 oy, FAld A2
2o Wziwto 2 o3k MERG A7 AHE F
At HollM ggFolgty g 4 ik

olxE AN AEWH F 3.4%c Exs WA
Wztmto 2 Agen Aeg AT & A o]
fre A, YdEE A7 ey AR 79971 o}
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Fig. 8. Relationship of T. and thermal comfort in
climatic chamber and red pepper field.
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