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Tablel. Physical characteristics of the subjects.

Name (Sex) Age Height Weight %Fat* \./Ozmax** \.702max - Wt!

(yrs) (cm) (kg) (%) (L -min™) (ml-min kg™
EGU (m) 19.2 172.2 60.5 12.6 2.04 33.7
HON (m) 21.0 173 .4 71.0 11.5 2,82 39.7
NAK (m) 20.1 174.3 67.6 17.6 2.72 40.2
NOZ (m) 25.5 160.0 60.9 17.2 2.15 35.3
ONO (m) 19.9 172.5 682 13.5 2.65 38.9
TAN (m) 20.3 172.4 63.4 10.5 3.48 54.9
Mean 21.0 170.8 65.2 13.8 2.64 40.5
SD 2.1 4.9 3.9 2.7 0.47 6.9

*%Fat was estimated by skinfold thickness method.
**VO,max was measured by open circuit system during swimming in swimming flume.
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Fig.]1 Measurement of physiolngical responses during
unclothed swimmng.

Fig.2 Measurement of physiological responses during

clothed swimmng.
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Speed:50%VO2max

Rectal temperature
Skin temperature % >

Rate thermal sensation(RTS)
Rate perceived exertion(RPE)
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Fig.3. Experimental protocol.
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—e— Clothed
—0— Unclothed

F-Value | P-Value

Time 1.01 465
Time*Con.| .490 .988
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time(min)
Fig. 4. Changes of rectal temperature during swimming.
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N F-Valuc | P-Value
Time 5436 | <.0001
Time*Con.| 597 | 946

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time(min)

Fig.5. Changes of chest skin temperature during swimming.
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Fig. 6. Changes of arm skin temperature during swimming.
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Fig. 7. Changes of thigh skin temperature during swimming.

5, #hEKE RTS (Fig.9) I3RRHIEHRIC, $BERTS (Fig.10) I2RREIEEE & O &0
CHBErBH LN,

3. EBREEAE (RPE)

RPE 22w T3, IkaFE L & (Respiration), B & & (Arms), ME & > X (Legs),
£HNEDE (Body) ICKBIL THBEOHELAEL 2L 2 5, B RPE (Fig.12), B
RPE (Fig.13) & " &% RPE (Fig.14) 25 THBERE L USSR EESEr2H o0
7275, R RPE (Fig.11) oW TR EAMOEEZIZH LN L - 12,
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Fig. 8. Changes of mean body temperature during swimming.
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—ENBEIC I E2 MR- 272 Th B EHEI N, 72, FHRBIIEKEEFICBEFELCEH
e LICEHMEBICAEELERTERR LR L 2, Craig 513, F¥KIEH35.2-35. 4 CLUTIC{K
T4 5 &%) 7 (shivering) H R Z 3 L HE L Tvr 399, BEFFRIC BV T H KukFKBEE
gD LN v IT AEBREIBEI N, KKIET CHRBRBKERIFOFEEMRIERIX, T
Bx i LBRONEELZHET T L HREYINTW5, REBRERL»LIZ, F
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B, BRKICHNEGICETEEAZRLAZ EE—BT 2, ERPOBEL L L TREOK
BRIz E& & N, KOBAD DLW EHBHLNL, FORE, E3¥EHoKRiZKkPIc
HWOSME L UCEORY SKDBAHFBEI N, ZNHWEE L EEBERRICBENT, &
HRICAEBTEZ I3 - RREEHEI NS,
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Uiz, EBOERIE TR, FEHEICEEZRBED LN L >R berrbs T, HBRICHT
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RTS-Surface

RTS-Core

RPE-Respiration

(&)

-
DOWO-=2NW

—e—Clothed
—o—Unclothed
F-Value | P-Value
Time 6.44 | .002
jme*Con.1 176 179
rest 0 15 30
Time(min)
Fig. 9. Rate thermal sensation of the body surface.
—e— Clothed
—0— Unclothed
F-Value | P-Value
Time 3.45 030
Time*Con.| 3.31 | .035
rest 0 15 30
Time(min)
Fig. 10. Rate thermal sensation of the body core.
—eo— Clothed
—0— Unclothed
F-Value | P-Value
Time 26.17 | <.0001
, L Time*Con.l 1,97 167
rest 15 30
Time(min)

Fig. 11. Rate perceived exertion of respiration.

ek
n.s.
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Fig. 14. Rate perceived exertion of the body.

—e— Clothed
—o— Unclothed
F-Value | P-Value
Time 32,60 | <0001 | %k
. , _ ITimerCon.| 413 | 034 |%*
rest 15 30
Time(min)
Fig. 12. Rate perceived exertion of the arms (pull).
—e— Clothed
—o— Unclothed
F-Value | P-Value
Time 4493 | <0001 | %%
. . Time*Con.}] 7.01 005 |*
rest 15 30
Time(min)
Fig. 13. Rate perceived exertion of the legs(kick).
—e— Clothed
—o— Unclothed
F-Value | P-Value
Time 2953 | <0001 |k
) ) . |Time*Con.| 4.98 | 019 %
rest 15 30
Time(min)
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Thermal responses to clothed swimming
in cold water at 21°C
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Noboru HOTTA** Shozo KANAYA**, Akihiro TAIMURA***,
Takeshi UEDA****, Yasushi EBISU*****

Kodo OTOKI****** Masaaki SUGA*******, Tomoki SHONOQ********

ABSTRACT

The purpose of the present study was to compare thermal responses of the body between
clothed and unclothed swimming in cold water at 21°C. Six healthy and physically well
-trained male students underwent swimming (breaststroke) in a swimming flume at 21 C for
30 min. Water flow was adjusted so that the degree of exercise corresponded to 50% VOzmax
of each subject, and experiments were performed between clothed and unclothed swimming.
Thermal states during rest and exercise were determined by measuring rectal, and 3 site

(chest, arm, thigh) skin temperatures, and mean skin and mean body temperatures were
calculated. The oxygen consumption and heart rate were monitored as an indicator for
cardiovascular control. At each water temperature, identical oxygen consumption levels were
attained during work indicating that no extra heat was produced by shivering at the lowest
water temperature.

The slight rise of rectal temperature during clothed swimming within 14 min. Skin
temperatures exposed to air rose slightly during work at 25°C and 30C water temperature
and distinctly at 35°C and body weight loss increased with water temperature indicating that
both skin blood flow and sweating during exercise increased with the rise in water tempera-
ture and in accordance with the rise of mean body temperature providing the thermo-
regulatory drive for the loss of heat generated during exercise.
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