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ABSTRACT

Ambient temperature is only one component of environmental heat
stress, and humidity, wind velocity, and radiant heat should also be
considered and recently WBGT (Wet Bulb Globe temperature) has
been used to assess the degree of heat stress during exercise. In this
experiment, the effect of exercise intensity was studied under varied
WBGT.

Six male subjects repeated 20 min exercise by a bicycle ergometer
at metabolic rate of 250 W/ni three times with 5 min rest period at
WBGT 22, 26, 30 and 32.5°C. Heart rate, oxygen intake, oxygen pulse,
mean skin temperature, esophageal temperature, body weight, ther-

mal sensation and rating of perceived exertion of the subjects were
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measured.
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The results obtained are as follows :

1) Significant differences were found on heart rate and oxygen
pulse under 30 and 32.5°C of WBGT compared to those under 22°C of
WBGT. The values of oxygen intake were not different by WBGT.

2 ) Esophageal temperature and mean skin temperature under 30
and 32.5°C of WBGT were significantly higher than those of under

22°C of WBGT.

3) The body weight loss and % body weight loss under 26, 30 and
32.5°C of WBGT were significantly higher than those of under 22°C of

WBGT.

4) Thermal sensation and rating of perceived exertion under 30
and 32.5°C of WBGT were significantly higher than those of under

22°C of WBGT.

5) There is a high risk of heat casualty at WBGT avobe 26°C, and
the upper limits of prescriptive zones for exercise at metabolic rate of
250 W/nf is 30°C of WBGT on an average.

g F

WBGT % B & U 7E S 2 S E PR B
AR 5700, RESRABEEG6Z Q9 *4
%) & XTI 22, 26, 30 BL T 32.5°C D 4 D
WBGT &4 T T, 204HOHEEI VT X -5
KX BRYY v 7EF%E 3, 5 AHOREZ
S HMRENAT » 7o, DL, BREBEE, BE
Ik, BER, KRR AFE FEEESHRES X
VRS ORIERR & b BREREETFHIEL LU
FFAEMER, BAMREREH OBEREE OE)ERE
O, WBGT 22 ~ 26°C Tid+a7sKkaB LT
BWHOFMHPLETHY, WBGT26CLILETIR
ZEMEEOERIESKE < ED, WBGT 30C X
LETREFEREEMELT, BAICX > TLES
O EARFTEMEDD B T LHRENT.

FH v b AR -=vE¥ Vol 13

ERRET, EHROAEKEANISE#RR L
2 EARMEERREEERRICRT 5 LKy,
BHEEREOBRIENSING 5. 28—V EH
BEEFCLBLTHRAIITONS K S IC7L b EH)
RO BBEEOREBRERIITVIEY ok
5 REBBBEICHT 5 AROMIGE Bt s v
BESEE TG L & 5 £ T 5RAADBEHL A SfTh
hTHy, BREATTIEDRE ET?, FH 4B
MRETE (PSR)?® , BEXbLRA YTy R
(HSD? , MERERKEE (WBGT : Wet Bulb
Globe Temperature)® DL fEH SN TE 7.

i5E, WBGT 28 ISO BH¥EV I S h, HARE
EHEFRY b ERTARELRIEBEERELS L
THOWTWS, ZR—YONFITEWVWTIE, T4

Db RE—vERES (ACSM)'?  bsEREHEFER
(16 kmPL ) icoWT WBGT % HHE L | - B#,

SPRERICL » TREN TV S BBRE TR O



— 230 —
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Age |Height| Weight | Vo,
(yrs.) | (cm) (kg) (I/min)

Mean 29 | 173.7 67.31 3.609
SD 4 6.8 4.90 0.385

n=6
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F£2 RKEWBGTT TOEBROGHS, BRBIESB X UEHRIK

WBGT Heart Rate | Oxygen intake | Oxygen pulse
(°C) (bpm) (I/min) (mi/beat)
22.0 |111.3x14.4 1.661+0.297 |15.3+1.8
26.0 |109.3%12.1 1.497+0.306 |13.7%2.2
30.0 |132.0£17.9** |[1.570%0.246 |11.9%1.0**
32.5 139.8+17.9*** | 1.5754+0.364 11,241, 1**

fE 13 1 R OB T B OfH 2 V39 L EERE TR L2
22°COE E DH#R : **P<0.01, ***P<0.001
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xR L, HEEHK TRROETS WBGT &
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L 26C DRficERA LNV, T BLY
32.5°C T 2 B H 0EZhH» S 22°C ic LB
BB (& bic P<0.05), EHKRTHETIIES
BT 34BL4]1 mi/beat S, FAEENSED
ohfz (&bt P<0.0D.
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R3 TFHEEE (Ts), AMEE (Tes) &k EENC L 3 LAE

(4Ts, dTes)

WBGT Ts A4Ts Tes ATes
c) (°C) (°C) FC) (°C)
22.0 33.9£0.6 0.3%0.6 37.7+0.3 0.7£0.3
26.0 35, 30.3*** | 0.5k0.7 37.8%+0.2 0.7£0.2
30.0 37.0x0.4*** {1.2+0.5* |38.5+0.3** 1.2+0.3*
32.5 38.1£0.3*** | 1.60.4** | 39.1£0.3*** | 1.7x£0.4***

fiEE 1 R 0 EBNHE T B O 2 P39 + R RE TR U 72,
22°COfE & DL# : *P<0.05, **P<0.01, ***P<0.001
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IEBEICE»- (P<0.05BXUP<0.0D.
Ff, EFHFK T OISR E WBGT 22°C i
Hfho 3o RETOSFhbERICE, - 1
(P<0.001).

REHRE WBGT 22 & 26°C THEREICER
REEZR L TWAD, WBGT 30 & 32.5°C TidaE
FHhEHRL, EFREBCBsE3 bt &

x4 GERSIEBWL) B X CEFERIE(%BWL)

WBGT BWL %BWL
(°C) (g) (%)
22.0 588270 0.85+0.33
26.0 814+367** | 1.18+0.43**
30.0 1235+634** | 1.794+0.78**
32.5 |1602+849** |2.31+1.05**

B I L EE TR LR,

22°COfE & DHE © **P<0.01

B THO&5ER & WBGT 22°C ¢ 37.7°C, 26C
T 37.8°C, 30°C € 3857, 325C ¢ 301C &4&h
WBGT 22°C izt~ 30°C (P< 0.01) & 32.5°C (P
< 0.00D) THECEL BT\, $i, R
oD EHEETIEIWBGT 30 &£ 325°CT12 &
L7TC oy, 2CONTC IhEFERILE,L-
(P<0.05 & P< 0.001).
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Ufe. fFERDEIE WBGT &< 8312 Lichs
WHIIL, WBGT 30°C TRFEEET 1 kg k82
PR5C TR 1bkgiciEL /. CORERVER
WBGT 22°C 12t~ 26, 30 XU 325C TV
heBEGRENAEDOLE (WFh b P
0.0D. %f, HEROBZBBEAZELRLNS
D, FRCHEERE O—AIRE WBGT THEEDH
QREDBTHY, WBGT 325°C T 3.3kgDiDT
Hoic.

—7h, EKERDERIBOVTS WBGT 0 LRI
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#5 FEHEEEE (RPE) L2£H5BWE (TS)

WBGT
RPE TS
*C
22.0 12.3+1.2 2.3x0.5
26.0 12.7L£1.6 2.7£0.5
30.0 14.0£1.4* 3.8£0.8**
32.5 15.2+1.6** 4.2%0.8**

X 1 By O EBNK T Y Ol % VI E =45
HRE=TR L.
22°CoOfE = Ok - *P<0.05, **P<0.01

EHRVEL LD, WBGT 30°C T 1.79%, 32.5°C
T 2.31% OREPZRL, WBGT 26, 30 BX U
32.5C TORERDPRIINC LhFhbFE
K&l otz (0Fhd P<0.0D).

EH) B & OEBERE O FERSEHE S U TES
HEBTEE (RPE) B X UO2HRSEK (TS) o
HEEEK TR OIGE TR IR L. T
FIE)RAT IS WBGT 22 B X UF26C Tid 123 8
XU 12T OREETH Y, Thid [ETHB] &

[PPEo>0] OHREIERERICHYT S, 30C

D 14.0 DREEIZ [P EHV] b [E20 ]
offTh by, 22C Ko ERICEL P<0.05),
325C D 15213 MZ>W\W] ITkEMSL, 2C XvE
Bic@r- 1o (P<0.0D. BEEEWBGT22 %
XU 26CTR23BLV2TOHEETHD, T
hig [Pedho0 ] OEEIHEYST 5. 30C Tl
3BOHETIZEV] »S [MEDEWV] OO
HTho, 2C IvAEEBLELS ®P<0.0D,
32.5C TR 42 DHET (X B0] ML,
22C L EBICE» -7z (P<0.0D.
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SHATE TR O BBPEEFH D%, Yaglou &
Minard® { WBGT (Wet Bulb Globe Tempe-
rature ; R EREIREE) ZHEBEREHFARESL L
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Al 1: WBGT 26.0°C PIETHIPR 3 % & & 27RE
LTW3, —F4 ZAE-—vBHRICBVLWTIRR
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WBGT 43 28.0C @A 5L WL —RAEZFEBEL
TRWIFEWE L, McArdle 50135 =X, %
A=, ko —, BEEREIRE WBGT 26.5°C LI L
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W, TDLIICWBGTIRELBHA K54 v
WRARINTVEH, LEHNEE L OBRERL
feb D3I, AEE TREBBREERE OER
BEDIEW L ~r (WBGT 22°C) S fEREDE W
Lr (WBGT 32.5C) & TOlBERE F TEA
BRE R F — v OBIEHRE B X ORF 2 f8E L 728
AR L, HEIEE» S WBGT i< & 2 BEE
EFPHIc>LTRIEMA <.

ZDFER, BRFEEIEIZ WBGT &ffic X 3%
RAohY, ERRBIBRRREICLDELGSNT
FEFRE O A AR L T, AR WBGT
30 BLU3R5C TLEMKEL, EHKRTHET
WBGT 22°C v EEIEC KDY, BERKOV
T blEEkIc WBGT 30 8 & U 32.5°C TOZALL
AR&EL, WBGT 22C it lENFREICKTF L TV /e,
C O OB X CBREROE T 3 1 ElHH
BOBETE2RELTHY, WBGT 30 BX U
32.5°C i< B B REIMROBEMP 7K R Z 1t
IR LTAEREEZEZI SN 5.

SEER R IS LRy,  EERE & b i WBGT o
FRICEBBVEWL L ERY, BEIEEEICE
AahTwi, EHdhoEHEREIEZLE,
WBGT 22 & 26°C TLEHE DT Td 55,
WBGT 30 & 32.5C TR ERBKE S RElsD 5
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O LFE (4Ts) 1 EBK 7T WBGT 22°C &
HERICE»P - I

B EIE T, KHR» oD ERELED
i WBGT 30 8L U 32.5°C T22C L AHRICE
{, WBGT 30C Bl ETENBED LFNEH oh
fo. EERFOKER (BRER OLFREIKERS~
30°C DFEFEA TRER AL S & EFHREIC
29 shT0ahs, BEEEHSS 5 HH
ZBANIESEEL T REROEEZ
FEEEILNS.

Lind® [3BR5SR (ET) &{E¥EMAFE OBREE
IBROZMIS LRk ., EERERICIHFAR
BEEARELTWE, AHFEi L 7= 250 W/
of, 1KfOEETIZ WBGT 2EH# i L 54,
26 ~ 30°C DHEFHLLETHRNED LR b #
MERE ORI K 2EBMSEC D IEH TV S &
EZohb,

FEBDERS L CHRERDRIZ WBGT 0 L5
wEbmunEEinL, WBGT 26, 30, 32.5°C T
22C XD EEICKEL, ThidRBERO ERICX
AFETROMIMER L Tw 5, BT EE O
BUSEE Z DRFEZRITFOERKITIKT L, RECES
ZHERE L TV B A, WBGT 30°C PLETRREF =R
DMz b b S FHRARIPEREICEALTL
5, CHIBSEOBIKEEEN DAL ERKRT 2D
THY, WHFETHMML I EEE)S 5.
D & S IRED K LIKGRZPENRZDHET
DEORIWEECTEEZEIONS, £/, WBGT
26°C TOREBDLEPHIORIE 2CoELO L
D K&, WBGT 22 ~ 26°C OFiFHLL |- Tkl
BBV ETHAILERLTOVS,

FHERESEE (RPE) 13 WBGT 22 & 26°C
TIRERICHEMETH 501z L, WBGT 30,
25CTIR2C Y [E-W ] lloBEELEHE
BRENED O, FBAIK S WBGT 26 ~
30°C #EHHLL ETRE—DEFHBRETH->TdE
WK U A& HTh B, T, EBEHOKE

ER2FRIT 2& b X VIEZEIEKTH Y, &
B D LB RE & BN BT 0 H BRI 7SR Ui BEfR
LERTFHRARR EAEZHFAS L 0 dHNE
WPEEbNTEY, RPE RBEEETHOHE
WA RALHOERESZ TVWAT EZREL
T3,

BAERS WBGT 22 & 26°C T3 iX[E U EH
THHDIXL, WBGT 30, 32.5°C Tix22°C &
nI2v]fomg Ly FREREENED ShT,
IS B AR f] 2 KR L TV 2 2 13T
W3, WBGT 26 ~ 32.5°C Ll TSGR O 8]
HIFFEIc Z bbs s S,

NS DERIEE L D WBGT I & 32 B8pEE
FRhixtR B & OCFFAERER, BARERERO&E
TR OB OI5A, WBGT 22 ~ 26°C Tid+
ARG B L UESEMRA L, WBGT 26°C BLE
TREBBEFOBRUENKE VO THEINED £
=y —DRARTHH, WBGTICLLETIEE
AR L > TREBBEFORET 3 T LER
Ric bR ah i, EEICEMEERLERD
WBGT % HIE L TW G ibis g, i s®
WKEBTAYVH Y7y bFR—TIE WBGT 27.6
~333C T, BEPOHWMERTOIRETIZ
WBGT 26.8 ~ 30.9°C TE#EE S ZhThFE
LTHEh, SEARLALEAEL ZE—HL, O
TUPAREL TVWDEEEZ B,

x¥F & O

WBGT % HHE & U /oE Tk B BEE TS E
ARRETd 100, RECERABRMG6S (29+4
) 2RI 22, 26, 30 BL U 32.5°C D 4 FEE D
WBGT &4 F T, 205MOHEEI VI A -5
DY) v rEE%E 3[E, bHoEOKREE RS A
FRENCITV, RO & S SR EB ..
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F#Mkd WBGT 30 8 & U8 32.5°C T 2C icl~F
BicmWMEE 7S Y, WBGT 26 ~ 30°C D#EFHLL E
T 1 EHHERROETARB S N

2) EEHK TR OREIR, KEED» 5 O/RER
ERERB X OVRER EREIE WBGT 30 B X
URHSC TUC KHERBFERRGWEEKD,
WBGT 26 ~ 30°C DO#EpHL L TEBMEBRBEIC & B
RED LA EZ D12,

3) WEEDES L OEERDEIE WBGT @
ERicEdngmL, WBGT 26, 30 8LV
32.0C TRC IC"FREEWEL L - 12,

4) FBNEPHRE L LH5BARIBZE LI
WBGT 30 & 0 32.5°C T 22°C iclk~F&Eic
WHIEEE 12D, WBGT 26 ~ 30°C 0#ifaLl ¢
SEBTRAE IR BB O FENIFHE < 2 LA S h
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