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Abstract

Heat environments are caused by global warming and the heat island
phenomenon, and cool environments are caused by changes in living
environments and lifestyles. They both impose thermal loads on the human
body, which is expressed as heatstroke or hie-sho (sensitivity to cold). Local
cooling and heating are ways to solve this problem. Local thermal stimulation
of the trunk, upper arms, legs, hands and feet has less of a
physiological burden on the human body than thermal stimulation of the

whole body, and it is also very simple. Sitting is the most psychologically
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acceptable position for performing foot thermal stimulation with few physical
constraints.

Research reports show that local cooling and heating are widely used for
nursing, medical treatment, physiology, movement, work and so on, which
involves parasympathetic activity and relaxation effects.

Regarding local cooling, there are studies of human physiological
reactions under local cooling in a neutral environment, in addition to muscle
inflammation and fatigue relief after exercise under local cooling in a heat
environment. Pre-cooling for workers and athletes has been proposed for
heatstroke prevention, but there are very few studies of ordinary healthy
people.

Regarding local heating, studies have mainly focused on human
physiological reactions in terms of body temperature in a neutral environment.
In nursing and medical treatment, it is clear that local heating could promote
HF activity and has relaxation effects. However, there are very few researches
on local heating compared to a cool environment. In particular, there has been
insufficient research on the relation between local cooling/heating and
environmental conditions.

In this study, I first conducted a questionnaire on heatstroke and its
prevention measures, and then performed experiments aiming at creating
comfortable clothing in various environments. Studies were performed with a
cold-water foot bath in a heat environment and a neutral environment, and a
warm-water foot bath in a cool environment and a neutral environment, in
order to observe changes in human physiological and mental reactions.

This paper is in eight parts.

Part 1.

Part 1, the introduction, describes the social background, the purpose of

the research and the structure of this study.
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Part 2.

Part 2 describes a questionnaire survey on heat stroke awareness among
Japanese and Chinese university students, examines actions for heat stroke
prevention and analyzes a comparison between the two countries. The results
are summarized as follows.

1) In Japan, awareness of heatstroke was higher among men than women,
whereas in China, there was no significant difference between men and
women. However, respondents in China had a higher level of awareness of
heatstroke than in Japan.

2) In Japan, there was no significant difference between men and women
regarding heatstroke prevention measures, whereas in China, women took
more preventive measures than men. However, the Japanese respondents take
more preventive measures than the Chinese.

3) Cooling sprays and cold towels were widely used as physical cooling goods
in both Japan and China, with Chinese respondents having a greater
preference for cool and refreshing products.

4) In terms of cooling body parts, the Japanese respondents emphasized main
artery cooling, while the Chinese prioritized peripheral vascular cooling.

5) There was a significant difference in the incidence of heatstroke between
Japanese men and women, but there was no significant difference among
Chinese men and women. The incidence in Japan was higher than that in
China.

These results make it possible to ascertain the current situation and
basic public awareness of heatstroke prevention in both Japan and China. The
results also suggest that prevention measures may reduce the incidence of

heatstroke.

Part 3
Part 3, on the influences on human body physiology of heat, neutral and

cool environments, describes an experiment to investigate thermoregulatory
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responses and autonomic nerve activity without local cooling and heating.
Thirteen women in their twenties wearing a T-shirt and shorts (0.4 clo) were
given 80 min rest in an artificial climate of 34 ‘C and 70% RH, 27 ‘C and 60%
RH, and 20 C and 50% RH, with measurements of oral temperature and skin
temperature, finger skin blood flow, sweat rate and heart rate. The results are
summarized as follows.

1) Oral temperature in a heat environment was significantly higher than in a
neutral environment and cool environment, which suggests that the body was
affected by the heat environment.

2) There were significant temperature differences at each site on the body in
the different environments. There were small temperature differences in the
forehead and chest, while the temperature differences in the peripheral areas
of the limbs and fingers were large. In particular, the temperature difference
in toe temperature was 10 ‘C between the heat environment and cool
environment.

3) Finger skin blood flow and sweat rate in the heat environment was higher
than in the cool environment.

4) In Autonomic Nervous Activity Adjustment (ANSA), the RR interval
increased significantly with a decrease in the environmental temperature.
There were no significant differences in HF and LF/HF in the different

environments.

Part 4

Part 4 reports an experiment on the influences on human body physiology
of cold-water foot baths in a heat environment. Thirteen healthy women in
their twenties wearing a T-shirt and shorts (0.4 clo) were given a cold-water
foot bath at 15 °C for 15 min in a climatic chamber at a Ta of 34 'C and RH of
70%, and oral and skin temperature, finger blood flow, sweat rate and heart
rate variability were measured. Observations were recorded regarding the

influences of a cold-water foot bath on thermoregulatory response and
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autonomic nerve activity, and the discussion considers whether a cold-water
foot bath i1s valid as a precautionary measure against heatstroke. The results
are summarized as follows.

1) Oral temperature decreased significantly during and after the cold bath.
2) The skin temperatures at different sites on the body in the cold bath group
were lower than the control group during the cold bath. At the same time, the
skin temperatures at all sites in the cold bath group were lower than those
before the cold bath. The order of the drop in temperature was, from highest to
lowest: foot, toe, lower leg, finger, chest, thigh, forehead, upper arm.

3) Finger skin blood flow and sweat rate decreased in the cold bath, but
slightly increased afterward. This is thought to be due to the suppression of
blood flow and sweat gland activity caused by the decrease in core
temperature.

4) The R-R interval and HF continued to increase from the beginning to the
end of the cold bath, which promoted parasympathetic activity and reflected a
relaxation effect.

5) In conclusion, core temperature and skin temperature at all sites
decreased after the cold-water foot bath, and sympathetic nervous system
activity was also suppressed. Therefore, a cold foot bath may be a good method

to prevent heatstroke.

Part 5

Part 5 describes an experiment to compare physiological and mental
effects of cold-water foot baths in neutral and heat environments. Thirteen
healthy women in their twenties wearing a T-shirt and shorts (0.4 clo) were
given a cold-water foot bath at 15 C for 15 min in an artificial climate of 27 C
and 60% RH, and oral and skin temperature, finger skin blood flow, sweat rate
and heart rate were measured. Differences in thermoregulatory response and
autonomic nerve activity between cold-water foot baths in different

environments were investigated. The results are summarized as follows.
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1) Oral temperature continued to decrease in a cold bath in a heat
environment, while it increased in a neutral environment, and then returned
to the initial temperature.

2) In a heat environment, forehead and finger temperature decreased while
chest temperature remained the same, and arm and leg temperature
increased. In a neutral environment, the forehead, chest, arm, leg and finger
skin temperature were almost unchanged.

3) Finger blood flow in a neutral environment is significantly higher than in a
heat environment after a cold-water foot bath.

4) In a heat environment, parasympathetic activity increased in ANSA, while

there was no such reaction in a neutral environment.

Part 6

Part 6 reports an experiment on the influences on human body physiology
of a warm-water foot bath in a cool environment. Thirteen healthy women in
their twenties wearing a T-shirt and shorts (0.4 clo) were chosen for testing in
an artificial climate of 20°C and 50% RH, and divided into “Hie” (peripheral
cooling) and “Non-hie” groups based on toe temperature. They were given a
warm-water foot bath at 42 ‘C for 15 min, and oral and skin temperature,
finger skin blood flow, sweat rate and heart rate were measured. The
influence of a warm-water foot bath in a cool environment on
thermoregulatory response and autonomic nerve activity was investigated, as
well as the influence on people with a cold constitution. The results are
summarized as follows.
1) Oral and finger temperature of the two groups both decreased significantly,
and in particular, the degree of decline was larger in the Hie group after a
warm-water foot bath.
2) Foot and leg temperature increased for both groups, and mean skin

temperature also increased significantly after a warm-water foot bath.
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3) Finger blood flow significantly decreased for both groups after a
warm-water foot bath.

4) In ANSA, parasympathetic activity was not promoted in either
environment.

5) In conclusion, the results suggest that although people will feel temporary
comfort due to a warm-water foot bath in a cool environment, since the core
temperature and skin blood flow will decrease, this poses a high health risk to

people with a cold constitution.

Part 7

Part 7 describes an experiment comparing the influences on human body
physiology of warm-water foot baths in neutral and cool environments.
Thirteen healthy women in their twenties wearing a T-shirt and shorts (0.4 clo)
were given a warm-water foot bath at 42 ‘C for 15 minutes in a neutral
environment (27 ‘C, 60% RH), and oral temperature, skin temperature, finger
skin blood flow, sweat rate and heart rate were measured. They also took a
foot bath in warm water in a cool environment as a comparison, and the
effects of foot baths in warm water in different environments on
thermoregulatory response and autonomic nerve activity are discussed. The
results are summarized as follows.
1) Oral temperature decreased in a cool environment after a foot bath in
warm water, but increased significantly in a neutral environment.
2) The skin temperature at each site on the body was higher in a neutral
environment than in a cool environment after a foot bath in warm water.
3) The finger skin blood flow and sweat rate decreased significantly in a cool
environment and slightly increased in a neutral environment after a foot bath
In warm water.
4) In ANSA, sympathetic activity increased in a neutral environment after a
foot bath in warm water, while parasympathetic activity was not promoted in

either environment.
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Part 8.

Part 8, the summary, summarizes the previous parts and describes the
conclusions of the entire study.

This study suggests that a cold-water foot bath in a heat environment
decreases core temperature and is effective for heatstroke prevention. A
warm-water foot bath in a cool environment brings temporary comfort, but it
will lead to core temperature decreases, and poses a health risk to people with
a cold constitution.

In the future, based on the experimental results of this study, I will
continue to study heatstroke prevention and the design of clothes and

products with thermal comfort and functionality.
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Fig.1-1. Diagram of standard effective temperature (SET*) on ASHRAE*V.
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WTARFHBEIRENDS, Hanada b O L B L HFETHREEZIT-> TV 5.
Hexamer & Werner *PIX KVE A — Y & fli o CHEB) 2 17 o 72 45 & O R B A il
PEICOWTHE L TWaD. £/, Tamura & An X KJER A — >V I2HELEL L 72K
Wi Ny FEMEH L CERER, BHE~ORBICOVWTHRELTWD., SHEF
OO LK VE TR A — Y\ K 2 B i 3 o i AE bb SR S i 0 R R o i AT R UE T
ZH LML TWS,

— 4, FRREDOHGERMEAMITIAFAEICB O TRAR ML RITHREE I
3 <, Grayson QL2 # W AKICIRIET 5 & FRHMOMBENMD L, FHIEO
FIFROBKTT 22 L 2M U, HED 39, Fa b 3VEPLERE F CRME KB %
T, ME, DO ERS WK REEBRE VWD, 72, AL I
25~26°CE L F CRKEBKRERZATV, BEE ONFHEEASMLE SOV THLE
T3,

mE, REHm KWL D ik L LT, Draig Heiler and Dennis Grahn 1%, #
FEHEORWFREEMAT 23 E 27 2 b o — /L (Core Control) % B % - % fh b
LTW3 8 ayaybhm—d, FEEZEEICKS - BHATHHET, EHCH
B 70 57812 Ko T B L7oRNTRE O E 2 S« 2 =AY 12 oo O IR IRIZ E 3 4% 68
AL TWD., EHSWEE R TEBESE TOr — L2y R HIE TS R]RE
ThbHELTNS.

S I BHEA T OES - MEEMIC, FERBHCTEKEEZ FF BT —
> 7 (Pre-cooling) W KA & L TW A . EEATIC, 2FREAKE 10~20C TITH &
R ICIERTL, TOBREZFATCTAMEBEROEDHZIToHEG, N7+
—v AN ERREINLTWS. BIZ, MGRGBHFELELTERREENATY
WCRET L2 HECHREZHN T 2282 LTV D, mIREEMIZIEAK - K -
A, 77y, SNANF2RBFREEHMBIAALTEHAERR - XA R Om AN E N E
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g fFEBYTIEHNSATWS. AFENICEFOREVICHLIHMHA T v Xip &0l
MR ERTRGA, WEI— b, MEAIAT L —, K- KE, BloWF AR ENRN
FIRESN TS, BRBRET, BAFEREOAMPERTH 5 @ KIESLCHLKEZ R
BT, HEBHAL CREEEZHIES S Z EBORNTH D Y.

— 7, WMIRERE CTHEIN LM AT A IRINIE 2 20 K89 TIRIEMED H 2 &K BFD
EH, hA4aBRIR7 y XORMIC X2 /AR, A - EHMIEKE 7R E DT
PHAUTWSD., Awicix, MExs1, Vv 22345, TV7byvad b,
(AT 2 RET 2, , TRSIRID) REOHMERIHIT TS, BEEKE
XE#E - M#EOLT CiThbh, 2 AR ARICKRERAHEEZNT L LN
DIV RGN E F A 5. WEROR, RER, MEREA - REOR, ED
R OEHLEEMRER~OEEREOAER - LEFENRE, I RIE - BERE
gl DV 778 —va U RRENTER ST & 1927,

1. 2. 5 BRIk &

N O B L8 %, BMME & B # kY A (Arteriovenous Anastomoses, LA T :
AVA LIEFNC KBS 15 0. Bl M8 13 5% G oy A 3 5 MBIk & MR IR & o e
CEMMEMBTH L. LIENLEDY H SN D MEITENRO MWE 2 &R O FE M i
BECKROHRZE L TLIRICE > TW L S EBMME 5T DRTIZ/34 SR &
L CHBENIRE MEFIRZ B82S\ TWD D0 AVA Th 5 69, AVA 13 48 ¥ i
BIMERIC IV AS SN TEY, BIRLEFICX D FHEO DT EEMNTZ oMk

ODBEENETT DI EICEVAETD O AVAIZNEOKRR, EO —EICE T FE
L, BMmMEIEENREL, KT LEREOMENIRND.

BEBRET, EEREICH D AVARRKT 5 &, EBRAEKD S 0B, i
T 5. Fig.1-2 lZRT X 912, T AVA i & OB ML T2 5 0Bk & %
T 5. HIZ, AVAZ @il L 72 AR I OIRICR 5 & &, EICRMEMOKFIRZ
WY, BiBOKMERY EHSE 5. EA LA O KRR TR AL O R E EE
ZHolEEIL, AIBEBITEZEMIE L7090, AVA Mt &I EE2E)» 5 02
BB OFTHEICTHLG T 52 L1 D 57 KIK LT O AVA MMk &Ik, Z82NK
ELERFFEICIFLAEEREL -0 ONBERFICIE 100m]l + 100ml™? + min™?
AETIEESETCHMT H. PR E S T 20~60ml - 100ml?t + min? 2T
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HHERMU , FBEORELZPHEICHETmEFET2HFZERICEHT L LIEHL LT,
ZTOREOMBEII DTN, TOREFEBZAMICBELAKELZ L5 Fom
MEIZZELIENL, PR T—E0EWHEICEDBHSL LTS,

A. BRIRIET
HIBED 5 DRRE £ 71

B
8

FHoOOMBHBTTE

FT8EN

—
WS )
~(avay | &

=~ weims ||
—  (AVA)[/

Fig.1-2. Arteriovenous anastomoses®?.

WIREE TICB W TR EME OUWMIC L0 mmEnEA L, RERIX TN
A, LIESL T2 MBEMRBELEZ URERIT LS L, M2 2 LR Z # 0 K
THELBRLOND. 20O X5 Z2HBIMMIC XY LS E 2 & ICIkE T 2 24 M
& YL 3R I (Cold Induced Vasodilation, LA F : CIVD & B 37)I1d 5 At @ ¢ # T
ZHERME OILERIETH Y, Levis®?IZ L » THE S, ZHid AVA O FF
ETHDHETIEHICEZ 22, AVARFELRVWEETIETEZ VIS W, 202
EMBHEZT. CIVD 25| EZTMEITAVATH L LEXZTIWVWERbn%.

Nagasaka &, Hirata GIEZFHZ MR T 5 & &, KERI KR Z B 2 39~41C
ICHET D L REMREEOBD ZWME L TWD T, = o X 5 72 RS i oI X
TR B & I A I (Heat Induced Vasoconstriction, LA F : HIVC & B -) & BEE
W, AVAMEICERNWICEEINDI LEZOND. ZOMGITEIE LY &R E
T, REMERIERET2HE, ARDPOITERN~BORAZREST S Z LIk
D, HIVC ZZhZzfil T 270 EKBHAKIETHDLEEZLRL TS, Al D,
BE IR 2SR IR 2 8 2 2 IR ISR S 415 & AVA I3 23 IHE L, 1 iE & o A % 5
TEZIFTZERHHL L.
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B2, KRS %, HIVC 13K B 52 1R K7 (20°C, 40 % RH) <0 ¥ 1 5 i ) 1 5 (35°C,
80%RH) CIEgB b e\, AIL, HIVC BEICIXEBMAENHFAET H. KR
IR T, SFEH R IR DMK W 7o o0 BRI IS k3 A INAE AE A AR & < R T INR S
£ 5 HIVC IZHRH Lgv. £z, &k EERE CIHIRAAN N K W0 kg
BIZRT 2HEEFERRZRELSBAIMNEIZ LS HIVCIZBE SN2 U T
W5,

1. 3 KRiw3ro H &k

MERRREALS e — F 7 A4 7 RCTIME L7222 ERE, $70, AERESCAEEE
BOEIZ X 2mmBEE X, ANMRICEBAREZ G L2, BVPESTH A - mAathe L
THMET 5. Zabica T o hiEE LT, RFTEE, J/ETIEA1Thi T
W5, REr, b, T, FRREREFT~ORIEIE, STk~
BN DR, DOFRIZTEXLIEBMELH H. T THEMNES, LHRIRETIT
IR A~SDOARIE, FEME L DR ILEMICERY AR T WERETH L. R
WA, RETINRIXEE - o, B, AR, B8, (FER L0 T, SEER
DFT ~kE, VIvEB—varhltoRIFEINATWS.

R AT EICHSLRBE TIrbi, AMEEBKISORBENLHER SN TN D,
BT, AR =V O IR, HiPR RIEBBLICS T A 7P fTbilTWnDd. &
BRE T, BAPETHICmTFAR—Y, ffEHELZRHREL, L=V TR
MEINTVWDLD, EEZTZNRE L RITEADN S ERIC T T AR D
DAFSEIER D ShTWwWiawy., BT INE X EICH S RE Cirhi, REABEKISD
BREPOMENINTNWD., FLFH#E - THELERSE T, RBIZEMRIESHOE
RV 7 78—y a v BRPHLMIENTNDS. LAL, BHAREINKLDL
NAWMPRREICB T 24ABPOHEAN L OMEITZ L. FIZ, KrmA - ik
CERBESRMFICET 2 ERMREITIALESTHD.

UEDZ END, AT, ETHAPTIEL ZORRICHEHT LT 7 — Fil#&
JEME L, BRx ZRBREE CIRE R RAETEEZ XD 20 ORMNIZE L LT, BHmAKE,
RHEBIR AR 2, Rpn 3RE, MLERE, WIRE, mBEEE T TAMLEL
e D N DA - DB EOS &2 L7z
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A SUIZLLTF O 8 ETHER SN D.

F1E [Fim) T, KmXotta® e dlE, U580 i &k OARm X o |
BRI OW TR L.

F2E TAAKD FTEHOFREZG L LCATEICET 2 EMGHA] T,
AARLFEORFAEZGRICATIECET 27— &2 £ L, BAPET
Bixt s, mAGE, GH T vy AR EEZELEBERONELZIToT2. b DOF|
MARBL & BT, WEM OS2 1T - 72

W3E TEE, fr, MIEBEENSFERIC KT TAENEE ) <X, BTHGA -
IR A 72 LS T CORIEFRE OGS B RMREES 2 ET 2 BT, &FHE
5% 34°C, 7T0%RH, T BEEE 27°C, 60%RH, W5 20°C, 50%RH O A LK
EENIZ, 0.4clo H R CEHI T v v > &n—T7 Y )OO 20 ULk 13 4 %
XEBIT, HEEALT 80 MWL S oMo & TR, B, 550 5 E ik &,
HFEEITELOCLMEB ZHE L.

BAw TZARETORMAB KBNS RIC KT T AEREHEE] TIx, FHR
# 34°C, 70%RH ® AN TXAMEENIZ, 0.4clo B K DO HEFE/A: 20 &M 13 4 % % &
(2, 15°C, 15 p M@ REMm KB 24TV, & Filk, BRI, f5 R E iR &, &
HHRITELOCLAEEZHE L, AR BOG & OB R IEE) I R IE T %8,
A ONZ B HIE T Bk 3R~ D AT Re M 2 e L7z .

Bom TP RETORMMBKBEFRICKITTAERENEE - ZAREL O
e — ) TIEX, PArBREE 27°C, 60%RH O A TXAERENIZ, 0.4clo 4 &K O i /e
20 R&ME 13 4 &2 K41, 15C, 15 MO REEm KR EZIT Y, BRABREICE TS
REMmAKE A B R E L, R 2DRERMET O R G KD AR 55 & O
HEMRIESICLKIETEVEZRF L.

6w TIMEEETORMIBKBNE R KIETTAEFHEE] CTIX, MR
5 F 20C, 50%RHICERTE L7z A LRBEENIZ, 0.4clo FRCEM T v v > &
— 7RO 20 Rt 13 4 RIS, 42°C, 156 4 M O R AK I 17
v, E TR, RJEIR, BRREAE LR, THBITELCLOMES:ZAEL, &K
A SO M CHREMREIICRETRE R Lo, £, BBRE 2 RKHEHN
MART VA LEBALCS WIFEGZHICOBEL GARE~DORELHRF L.
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TR TRNERENORMIEKBNS R LTS AP E - BRRERE L O
g — ) TIX, FALEREE 27°C, 60%RH O N TR EEWNIZ, 0.4clo 35 4K O EE 72
20 R4tk 13 4 25t &Iz, 42°C, 15 M@ BEMIE KB 21T, MEEREICBIT 2

R K AR L U, B2 5 RESRMA T O REIR KA ARG SOS & O
AT EIC RIETECE RS L.

8 E [fpfh) TilE, FEZE LD, MEERKORmESHORELZLIE L 2.
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Table 2.1. Questions on heat stroke prevention.(1/3)
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Table 2.1. Questions on heat stroke prevention.(2/3)
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Table 2.1. Questions on heat stroke prevention.(3/3)
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Table 2.2. List of answers for each question.

P DIRRE BEE FHEIFRL TS BT EEGELSAUL LB T 2 IRRRL T
B B S 13 20.4% a5 25.4% 15 16.1% 11 11.5% 3 3.2%
2 7 5.0% T 50.7% 47 33.6% 14 10.0% 1 07%
hE E:] - 4 4.3% 55 62.0% £ B.5% 14 15.0% E 8.7%
e ] 5.4% &7 62.1% 14 10.0% 24 17.1% & 4.3%
=B 5t - b 11.1% 115 29.8% &2 26.6% 25 10.7% 4 17%
_ = = 13 5.6% 145 62.2% 22 5.4% 38 15.3% 15 5.4%
EDDIEE /EE FEHIZRLTD BlTa EEREEEAAL wE AL =LA
=ES B — ] 6% 25 28.0% 3 247% 37 20.0% E] EE)
ey [ 0.0% 13 2.3% 32 22.5% &3 45.0% 3z 22.5%
| B 3 3 24.7% a7 50.5% E 5.7% 12 12 5% z 2%
13 13.6% ] 62.9% 5 3.6% 7 13.3% 1 0%
- 3.4% 33 15.7% 55 23.6% s 38.6% a1 17.6%
42 15.0% 135 57.9% 14 5.0% 35 15.7% 3 1.3%
g |
B E] i 55 59.1% 38 a0.3%
% - L1 £5.0% az 35.0%
hE B .. 31 33.3% &2 66.7%
s 50 64.3% 50 35.7%
=k it p 145 2.7% 57 37.3%
__E 1 121 51.9% 112 48.1%
FHHRONE TEE s P WY ITa BT meomal oeeay mRepsz endh MIZeR o0 pame  TPRET opesc BoERE AR
H= B W BTAR SUI0ER S/21% LASR VIR 8% 12/32% 20/43%  14/7.4% 1/5.0% 3/35%  15/11% 15/5.7% 10/57% 13/3.5%
e TE/18.2%  50/11.7%  E4/14.0% 17/a.0% 37/5.6% 22/5.1% 20/4.7% 17/4.0% 16/3.7% 13/2.8% 1/0.2% 33/7.7% 38/5.9% 11/28%  13/3.0%
hF B W e  ITO%  12/58%  20/57% 5/3.5% 18/2.2% 5/2.4% 73.4% 21/10a%  15/7.2% 7/3.0% 3/14%  157.7%  20/27%  9/43% 1887
r 51/12.1% 23/3.4% 7af11.0% 38/5.4% 51/7.6% B80/11.9%  35/5.4% 51/9.1% 42/5.3% 81.2% 3f0.4% 48/7.2% 53/7.9%  24/3.6% 50/7.5%
=B F . . 127/17.8% BOM113%  o/13.8%  30/4.2%  ea/os%  31/e4%  32/a5%  3/53%  I0/a2%  23/3.% ajoe%  49/55%  S47e%  21/3.0%  26/37%
hE =4 108/12.0%  35/4.0% 24/10.7% 44/5.0% TO/E.0% B5/9.7% 43/4.3% 52/2.2% 57/6.5% 15/1.7% 50.7% B4/7.6% 73/5.3%  33/3.8% 68/7.5%
= T
A 'EE wHAF L ;ifg;gj_ _:‘7_ Al - Al T T LRI ELIEY
[=E:3 E3) - & 28.6% 5 L% 1 2.5% 1 5% E 35.1%
e 3 47.0% 4 211% [} oo% 1 5.3% 5 26.3%
LS| = s s 33.3% 3 20.0% & 40.0% o o.0% 1 7%
2 33 39.3% & 7.1% -4 3% 2 24% 38 42.5%
=B it e 15 37.5% E 22.5% 1 25% 2 5.0% 13 32.5%
hE S 38 38.4% E 5.1% 13 13.1% 2 20% 37 37.4%
A "/EE U 558 ] 21 Hep hEF FEE AEEEF F B
B B 3 4f111%  5M13.9% 522.2% 3/8.3% 5/13.9%  3111% 2/5.6% 1/2.5% 3/8.3% 1/2.8%
e 5/14.7% 2/5.5% 11/32.4%  o/o.0% 1zsh 5/26.5% 12.5% o/0.0% 3/5.5% 2/5.5%
== 1E5 | ] s 12/34.3% 25.7% Ff20.0% a/11.a% 2/5.7H 2/5.7% y25% 0/0.0% a/11.a% 1/2.5%
e 26/23.8%  3/28.0%  11/101% /1% 2/8.3%  15/119%  §7.3% Le%  25/23.9% 9/83%
B it . os  3125%  THoo%  19/27.1% 3/43% &/8.6%  13/188%  3/43% 1/1.4% 6/5.6% 3/4.3%
hE S 35/26.4%  5/3.5% 18/12.5%  §/4.2% 11/7.5%  15/10.4%  9/6.3% 2/14%  30/20.8%  10/5.5%
|
13 23.6% a2 76.0%
a1 22.7% 55 57.3%
3 a7 28 50.3%
15 17.8% 74 82.3%
54 35.8% 57 64.2%
13 15.0% 102 55.0%
ELy FEOHET BB 1B EEET
E] 33.3% 5 15.5% 3 22.3% 5 15.5% 2 7.4%
2= 39.7% 13 17.58% 15 219% E 12.3% 3 23%
2 25.0% 1 12.5% 74 25.0% 1 12.5% 2 25.0%
15 34.1% 4 5.1% 4 9.1% 13 29.5% & 15.2%
B E P 35 35.0% 15 15.0% 2 220% 14 14.0% & 0%
hE s 17 32.7% 5 5.6% 3 12 5% 14 26.9% 10 15.2%
HEFORHE BEE B TafE =] B FHGE AR ¥ ]
[=E3 E: ws  T/A0%  o/DO%  3f20%  7oaok Aok S/Z00% ok 1a.0%
e 19/32.8%  0f0.0% 1/180% 10/17.2%  2/3.4% 15/259% 11T o/0.0%
=hE B = 212% 1/11.1% 0/0.0% 4/48.4% 1/11.1% 1/11.1% 0/0.0%
e & 12/30.8%  1/2.6% 1/2.6% 11/28.2% 5/205%  6/15.4% 0/0.0%
B+ it i 28/31.3% ©f0.0% 14f16.9%  17/20.5% 20/24.1% 2f2.a% 1/1.2%
hE s 14/23.3%  2/4.3% 1/2.1% 15/31.3%  o/oo% S/15.8%  7/14.6% 0/0.0%
REEONE  EEx Mo sprezer TRE TRURY showu-u shen seo-
[=E3 3 i 9/265%  4/118%  5/17.6% 5/17.6% 2/5.0% 5/14.7% 2/5.5%
2 - 23/28.7%  7/EA%  17/158%  15/20.9% 5/5.8% 14163 2/2.3%
FE B se 1/2.5% 1/12.5% 3/37.5% 1/12.5% 2/25.0% 0/0.0% 0f0.0%
2 10/ 200%  7/14.0%  13/260%  &/12.0%  7/14.0%  §/12.0% 12.0%
= it i 32/26.7% 11/92%  23/192%  24/20.0% 7/5.8% 19/15.8% 4/3.3%
_ o =4 11/15.0%  5/13.8%  15/27.6%  7/124% 9/155%  §/103% Y17%
ThRECED 5= FHE gL #HAIEE RS HAohfE | oA IR ol BRNND
B E:] W ] 14.5% 14 25.5% 18 327% 12 Z18% 3 5.5%
2 7 11.5% E 14.5% 24 38.3% 15 23.5% 3 4.5%
hE B i 33 21.2% a0 25.6% a8 30.8% 3 14.7% 12 7.7%
2 24 18.7% 17 13.5% 45 3I7.7% 24 13.7% 1 0%
B B " 15 12.5% 3 15.5% 4z 3632% 30 25.9% & 5.2%
chfE] = - 57 20.5% 57 20.5% 34 33.8% 47 15.9% 23 5.3%

* 1%

** 5%

33



(%) mI=FS

80.0
60.0
40.0
20.0
0.0
»
\)&“
&‘95%
*ﬁ’

Fig.2-1. Understanding on heat stroke.

MEBORE] IZoWT, BHADEE IEFICERS< T2, TRITL] &0
HE AT I 36.6%, LM 9.3% L BMHEMTHY, LMD 90% LL LITEH) 2
L THRD THM TH DL Z ENRRBINT. AR—=VTO [ ZAKR—=> 0 ENIR

CET o EmM AL D &, 1 RILL R o EE) EM R, 20 T M 40.8%,
LZME27.8% THY, KFEREFBRIZEMED AR —VIZHEBA THL Z LR mho
72 hEOBE, BhEbic THEFHICRLSTD, BR<TD) 284
<, BRI THhHET2LEZ0EWVWEIBEETHS. TFEFICRS TS, B
T2 Z0FE7HEG203HARIT 20.1% K LFEIE 75.9%, F1E 2 EB) I BT
ThdIengnd. EHOBENERLIERLLT, FEORFHEFICE W T,
KEORENMLENTY) 2T K LTHEE, RESNATWDZ L EFHNOED
HREAAELTCWDLZENH D, EHEEMEE - BEALFZEL TWVWDLZ 6,
FAEX, BRI 2RHED R EHENICERICELL TV, 2 0%4E
MWFEN - FARICEELELOFHGZ W LR ENERE L THETLNLD.

(PR ROFE IZONT, PR L TWD DL, BADES, B 59.1%,
M 65.0% LERIL, TEOEE, B 33.3%, LM 64.3%, KHEOHHN%L
WHEELTWDZERAONT. HPMOLA, HARIX 62.5%, HEIX51.9% &,
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HAMRES, HPHCTHEERRE D b /z(p<0.05). HANEHWDIX R %
R, BRATERE R OBV EIC T 2R IEBIC L 2R N ENTZLE AL,
(BAHPIER #H ) 122\ T, FEROERKICREDLH 772, KHEHE TIX
AADHDOREICT D, BADEE, Bl bic TREAPLTWD] , [k
LTV &P BIA T, 8l B A8, @RS W, 80P JE @, WBGT (%
SHEB) 2 EORK[ T, —=a—AREPERICITEE-STWNDHZ ERHEELEIN
o ETREA, T2 E b EBAICBATERESR CEELREL TS F
Hogyda, BT, ATEICET L 2FHE LT, WBGT IZH ST 2 mill & -
A8 R LANIC 35 C ORI N PRI S L 2), #EAB HMFE T T 35CoH MK
<), AL v Y24 R DLV IZ e &R 37TCRL L& FLek 3 2), 7R (24 ReLAN

ICHREAIR 39CU Ex T 2)2 kAL Tnd 9.
(B E TR %R ) (Fig.2-2)lc >\ T, [k, Kkt rzd21, =7
ay - FEEEEES ), [AKR—Y NV 7Ky - Bhfiilezd 5] 208
THAEX, HAR43.0% THY, HE 26.7% Tho7=. (K, Bl KoMk E T
51 B LT, HA17.9%, 9E 12.0% Th-o7c. ENL ARV R L ¥ —
2 T E DD OBBME T A KT v 7 BV TH RSB 3beE X
D I7A4Y M= 78 OBREZBED TS, [AR—=Y KU U7 REKS -
SRR E TS ICBELT, BAR11.3%IICH L, HEITZD T, 4% 108 & e h -
fo. AR—=Y RU I OFBIZAARGE S UV AT =y M) TIHE 1980 iz, #EIk
) TIX2003FETHY, BAOFRNHHSATRL, HEE~OFM - REED
BOWARNL., T27ay - FEMEZES | ICBELT, BA13.8%, HE 10.7%
ThHY, BAOFENMERBEE IR -7, iz, THROREBBLZELS T5) I
B L CTIEAAR 9.6%, FE 8.0% T, HIZHEIE LM 2% 6% [A#EET 2 ATEITE O %
neHgEIhk., —F, T2+, THEXHERWkRkZED) , [WHEZ
REfES ) O E AT HETIE 25.6%IC% L, BARATIEZ13.9% Tho7o. H
TY, THEZIF ICELT, FEIX9.7%, HARIZ44% T, BHALYV Zh o
oo ZHE, TETIEAEMNICAETAZSEET S Z EAEEBEBNICTRoTWDLH D
tEZLONTZ., TEXHERWREZEDS) CEALT, TEIX9.4%, HARIXS53%
THARXOVEZ o7, ZThid, NEHITFERT T, =7 2 ) B 1T 1
FZETEHRWED, KIRTLRLTWDLZENFEZ2T. £, THWHEIT v X%&fE
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Mo, ZEHEOVHEBETHARKREG - HRICIZOHBERH L 2 LR RBEIN
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Fig.2-2. Measures of heat stroke prevention.

TaHE7 > X (Fig.2-)IZ>W\WT, ARDOEFE, BHEE ml-nrstr - BL
FY ) B 38.1%, KX BHAT L —] BNE% 47.4% T, TEHOLA, B
PEIZ TREIN A b S R—F— | B 40%, LWix TH7-ng2dnr B LIEDY
W% 42.9% C, WX THHARAT L —] 39.3% CTho7e. B LY, LHICTHR
B Koo TWHEIA T L —] BaFEND T ENgnol.
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Fig.2-3. The use of cooling goods.

AL (Fig.2-DZ>\W T, BAROEE, Bheb 6 Bk, ki
RNT [b&)] BNEL, DEDOEI, el LTWL I R gholz. HEOD
e, Bkl d TORW] k%, KT TF] Zho7c. AFHEIZBNT,
Mgga) , Twl, b 2088 F, BATES5.7%THY, TETIE
266% TCHole. TORW], TF1, ] zFE®E&E, PETIE54.1%
ThHY, HATIZ258% CThoTc. ZhbHDZ&nb, HATIIERO G H % &
L, PETIERBELEOMHAZELL TWDL I NG oTle. REABTIER
B~ =27 VO TIIHHEAM E U CRIES O W, &S, RRHE2 b0 T
Wh. FElo, BEEEELNSRE L [BVPIEO FKRMBAA ] OFETIE, &
LI O F)T, EEEEZ LMK TSEZWERLL 2. RKEET
bHDFRITBBEEICER-BEEZF->TBY, EHD 2T BARETORH
WARKWNEIRIZE ZDAEBEFHNELE] BT, BEmAKE NESEIEGE TIR)
DR TZMRTZ 2o L. BVRE TR L TREE K O A etk 2R
M L7e. F7z, RSO EREM OB PIER KM E LT, FREZAKICRIET S
HEERREL, 2k, TEECBIL2FROMANGTEEZXFTL260THS.
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Fig.2-4. Preventing the part of the body cooling during heat stroke.

TBAVEDFRIE] I2HOWT, [TEBRIEIC o722 &3 H o] LT, HAD
Y, BE23.6%, LM 42.7% ThH Y, FEHOEE, B 9.7%, LM 17.8% T,
HIZEMORIENBMELIVZ AR, APHTIEL, AL 35.8%, FEIE
15.0%, BRI VB SR ERIZE N E RN 00 oo, BAHIEDRER N D72 <,
BEBOPETIIRERASHMEICR > TVWRVWHERELRIKBELTnEZ., AR
TP E L0 BVREREN R &Y, ZofE, #idbk L TTRxR o R )
DRFERICRD LT, PRI LN -7-01F, BFENESHMBELE LT
BHINLTWDHEHEEZLNT.

HER ] 20T, BATEE LB, ToFEwv), THE®W %<, BAR
THREM E N L) PEIEGER R EI)NEZL2EHED TN E 2R L. K
OB ERFDERE L, RIELHEIELED L 6% LT OHELD D
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2 EOBA, Bt TvEwvw) , [8W) ot TE#mEE) , [Ek) o
HIEA RN, AR -FEOSBE, APHICEIAEEL2RBD N, TEIXTE
wefEE ], TR 20 2HSITRAZIVELS, ERPEFHENEAMICH D Z
ENRTRBEI T

(BAHSEIC R o TR DIER ) I22WT, BARDEFE, Bhebliz, TdoFEWV,
9 ) B2, BIEL PERIEN L D, HEHEPT Ic ks &, el
KR ZRERER, RIELPEELZIEDL L 96% L LT 2 AELH L. HEODY
&, BakeEb [HEW], THE] of TE#ES) , &L XA, BHA
FVERBETENEBMICH D ZERRBEI . KPS 3L, BAPEL E L
RBELTWVD DT, ATIEOEEEZDOZEYRNENI 2R ETVD.

(FIELTERE ) oW T, BARDOHEEG, Fh& GITHER BT P&,
ZTNZh 28.0%, 32.8% % Y, RWT [AR—Y] BOBERFEmN>72. AR
MAEZS X, 2R—Y, (LF, BEAFEOLT COEERE, A(Z5)>
BA>HREMOIETEFIERREIELZEHRETWDS. ERMEHT POMET
FEEPEDZL, ROWTAREN), B, (tFEHOEEZ>TnD . Fi,
T A OFESLHERIICE > TORIEOEITRRY, 5B FHLNLHEL T
W5, HEOEE, Bkl RS, TAHH) of, TAKR—Y] Bk A
AKemEOLAELEbIZ, THH)] 2L, BAPRAPIEY 27Tl La%
L7, WIFRIC L Cb ERE T B 5ok SRS 1 B A o 6 R RE 23 (E 9 % 3 B 7 4 U
RENRDOLNLD.

[FEIEH DM | 122N T, BARIE ITHLWHF(=7 2y, J#@LoRVWA R
ME)VTLEHIC L] 28, BRODREZRGIEA A b2, PETIE Tk, XK
mEKGMtEE L) RELT LRSS ITE AT, BAPEY 2 75T
HEBOBENVHNZIOMBRICKMLIEEEZXDL X, £72, BEHEOLEL L TXL
HesnsrHEmA K, WAHF, GHT7 > X ET, v, b&, @hlznmy
Lz, Ty U —THEKzZzHPLE] 208 T, AARIF19.1%, TEIT 12.0%
W ES, boEMNINTRSERNBREZRIPILEEIND.

(EVHFEXI R Le WBEH | I oW Tk, BAOE S, Bl b TRAHEICH»
ST ENRV] BRETENEN 32.7%, 39.3% % 5D, LT [EKHICHER
D] RETHLOEKNZBRELTWDLIZ RN g0 ol. HEOYA, Bkl b
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1
ek, RAREICET 2 ANEAER - DEKISIZOWTIE, ZF8EH D WITENER
BARLERETTITOMENELS SR TS VY. BAesREMICOV T,
RN 2 RIRECOBRRERET, 5 0VIFIRAREO X T v 7 Eicxt L, B4
M, FEEELOEME Z e L RERESCRIRF TSI 5
iz shTing 9,

ARETIE, RETEA - INRA G722 LS T T o IR 506 B e 0E 8 &
T L2HMT, EFELMEEFG L L, BFEBRE 34.0C, 70.0%RH, H78
27.0°C, 60.0%RH, % HEEE 20.0°C, 50.0%RH 0722 3BEET, W —#BRE
ORIEFE S K OB EMFRIEROZ IOV THRHT S, T, 3BRETT
TNENFERT L RO AKE, BEIEABICHT L TORBEEEZSS.

2
il

3. 2 ML
3. 2. 1 HBRHE KR ORRERS

BB F LR 2 ek 18 44 T, EHEEIL 2322 R CEA I LR E), R
161.4+4. 2cm, K 52. 6+ 8. 5kg, KK 52 (BMI1)20.2+=3.0 T& % (Table 3.1).
EBROBESMIT, BEASLM  [RIE 34£0.5C, MAE 70£2.0% ; 254
AR 27+ 0.5°C, MHXZE 60+2.0% ; WIS« KR 201 0.56°C, FAXRE 5
F20%ICEEL, [IIETXTO0.2m/sec ITRE L. HBREOEFEKIL, FHOD
TV —bva =g, BT Y 100%, ~A X T T U RY v R Uk
KEH)EN—T R Y 100%, FAAMREH)ZEMRS T, 7o —fEiX
0.4clo’®TdH - 7=.

FERWIMIE, 20174 9 H ~20184E 3 HIZHEM L. £/, KEORNEH %
ZEL, 1 A1H 1[E, 4010 :30~12: 00 XiZF#% 1:30~3: 00 D\ Fh
A — R AR IS E R Le. Eo, MEBMEMICEE L, FEBRBEMHAT 2 FFRUH
DEFEZHELELL. BREICIFTIZ L TRIELZGL L & HIT, REBRANAEIZ
DN T LT R R P fm B % B2 O &R % 1572 k38 No : S17C03).
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Table 3.1. Subject characteristics.

Body fat

Sub. Age Height (em) Weight (kg) content (%) BMI
1 23 160.9 66.8 37.3 25.8
ik 23 161.8 69.2 34.8 26.4
3 25 163.5 b4.3 28.2 20.2
4 21 153.9 51.6 26.5 21..8
5 23 160.4 47.5 24.0 18.6
6 26 167.1 55.8 26.3 20.0
7 23 158.3 50.4 24.9 20.2
8 20 157.4 36.0 18.0 14.6
59 27 157.2 48.3 23.1 19.6
10 24 160.4 43.3 15.5 16.9
11 23 162.0 50.3 25.9 19.2
12 25 170.6 57.9 29.8 19.8
13 22 164.4 52.9 26.2 19.%

mean £S5 23 2 161.4*+4.2 5H52.6 £85 26.2 5.6 20.2+3.0

3. 2. 2 WEHE
(1) pOEE TR

IR OBIE L L CEBIRE, SBER, DS NEZREND DM, K% T
fH b, B EOHKNS, WU LEXZOND DS FRECIT & FEEKT)
EFHREALEZY. FTFTREIVP—IAXYBEHTOBEGETO -FRICH D E/INHED
FEAHEELLNADOIRE Z @G MICHE L. 7 —% 2 b7 X (@ itk X1t
AM - 8051E) T 30 M icllliEMzZ I L. MEHN e —713RY) Fm L v
B2 b —(ERb5mm, B E 3em)Z #0 L TR L SH, MRIT AT 7 1 LG

Ktz ez h - 2 2)TEHLAMTICHW.

(2) B i i

Be R IR I E AL, RTREES, oS, LREER, FROSHEL, KERES, TFRRE, 25,
RHEHES D 8 S Th D RIAEM SN F b A£G ORE L L) (Fig.3-1). HIE
WY —IAZREHZH, 7—% a1 7 X T30EICHEMZ NG L. 72
B, FHEER(T o)t Ramanathan ® 4 SEIC X0 EE L7 12,
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T «=(30 i Twx+30 i Th+20 KEE Tw+20 F AR 74)/100

forehead

chest

upper arm

foot

toe

Fig.3-1. Measuring points of skin temperature.

(3) FZJ i i &

FFE BHBERMOF MR ECLT « BFMIEE LI ONTIE, “Kx
V=Y —Mimit(F A AT = — T, 0Z2-2) (Fig.3-2)% A\ T, BIEHZE(L
~ME L.
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Fig.3-2. Measuring device for blood flow.

(4) JRFTHIT &
TR 7T HMED D TITK 8cm DJRATIC, Wit B A E T XK B 7 & LRI IT A
(SKINOS # &+, SKN-2000) (Fig.3-3) % AW CHIE L 7Z.

Fig.3-3. Measuring device for sweat rate.

(5) B H:#h % 1% B MR AT

LDEKECGT, TV A MY —f - LEFMQ-16, ¥ v A a3 LT v 7 HKAS
)R O @ ARG FINEEEF Yy '8 247 v 7 A4S+, VitalRecorder2)
EFRHWTHIE L., MIEcBW T, H8E Fic(—), £85I (+), HH 5
I 7 — 2 (N) o EMHE E <17\ (Fig.3-4), ECG Z i Ic gk L7-. ECG 7
— X B ZHBRAERERET 70 77 Ayt asT v 7K S 4, BIMUTAS
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) &0 M, R-RBIREZR S O BT 217y, 0.04~0. 15Hz O %A i 3%
% %y (Low Frequency Component, LA T : LF & #3), 0.15~0.46 Hz ® & &
¥ % 5y (High Frequency Component, LA F : HF L E3) & R 7=, HF 1T/
MR RIEE L)L OIE L LT, LF/HF IR EMRERIEH L X LVOEMEE LT
FEAf L A2 1190 A E R O MWL X 15 [B] /45 (0. 25H2) IS HEHI L 72

Fig.3-4. Electrode location for ECG measurement.

3. 2. 3 EBRFIH

BB 1T, EBRATIC AN LXEEDOFTE(25~27C, 50~60%RH)T 10 7 [# %
FENL 2R D, Z0Kk, TNENORELZRELEANLRBEEIZAEL, EBRFALK
&Lz, EBRHAAO 2)0 6 80 4 MMTE L 72 (Fig.3-5). #i: DK 20 43 M <& &
KAt =2 AT L, D%, 60 SMLFHEMER ST, T — 21, ER
B~ HMEL, 7T0~80 oM OV EE FERT —F2 & Lic. ok, HBREDORE
XRICEEEM LR K DI, M4 L E 2/, FRZ2X ALV EIZED
7-. EBEE % Fig.3-6 (277 .
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Fig.3-5. Procedure of the experiment.

Fig.3-6. Experiment scene.

3. 2. 4 WEHFEWRAT
TRTOWMET — X ITFHEAEREFREZT R L., SREMICIE —TiED S
oz, Wb 1%, 5% DEMRIBL2EFH > CTHEERDL DL & Lo,
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3. 3 MR
3. 3. 1 WBVERRSIC RIF T ERETIRE O &

Table 3.2~Table 3.8 IZ (X &5 F COF P, & HALR IR BIEESS, WEs,
EREE, FEARE, KERES, TEEES, RAFHE, RBEE), TG, KRE M,
FATEICET 2 AN BT — &% ROBBRE 13 N F Mk &, BIFEIZ oW T
12 N)D ¥ £ FERE = 2~ . £7-, Fig.3-7T~Fig.3-13 I[CIXF\EEMIc>W»
TO— R ED BT OREMRZ RS, K, H. (32 8BRE 34°C, T0%RH,

XL B BE 27°C, 60%RH, CL. X4 ERBE 20C, 50%RH %/~ 7.

Table 3.2, Fig.3-7Z/r7J 8V, & FiEIEL, ZFHAEREE T 37.23°C, F R T
1% 36.89°C, WiHEHE TIL 36.88°CTho7m. BERBEDOFNH 0.35CE < 72 -
o, ZORRESBONT LI 2 A, FABRE LM, BHARE L MWHRE
ORI, ARENRD LN (p<0.01). L2rL, FVEELHEREEOMICAR
RETR OGN Do T

B IRAC DWW T, BTAEED, Mo, bR, HEAREER VT E O KERE,
THREES, AT Es, & REER SR & Fig.3-8~TFig.3-11 127 % . WT “H o B
THLHBENMBO LN (p<0.01). 1T & A EDOEHMNEBIZLIFGIRDO T Y F X BH,
FALRBE LV MEREO SN RE L, FIZ, KT OBAE, 2EH, R
BWTHEThH-Z., HBRIIAGRREORETHY, KIRFHGOMIRGBTH D
RFIE ORI A KT 270, BERECAEREELZTI/R Lo

72 (p<0.01).
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Table 3.2. Oral temperature in thirteen subjects under three

conditions.

01;&:)@ 34°C, 70%RH 27°C, 60%RH 20°C, 50%RH
1 37.6 36.7 37.0
2 37.2 36.8 36.8
3 37.3 36.9 37.2
4 37.1 36.7 36.8
5 37.1 36.9 36.6
6 36.9 36.7 37.2
7 37.1 37.1 36.9
8 37.3 36.9 36.9
9 37.4 7.1 36.8
10 37.5 36.7 37.1
11 37.2 36.9 36.6
12 37.2 872 36.8
13 37.2 37.1 36.8

mean® SEM 37.2% 0.1 36.9%+ 0.1 36.9% 0.1

Oral
45.00
* %
| |
40.00 - ILI
P
L 35.00 -
p—
30.00
25.00
H. N. &1

Fig.3-7. Oral temperature under three conditions.
H : 34°C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20°C, 50%RH condition.

mean=* SEM (n=13). * : p<0.05, ** : p<0.01.
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Table 3.3. Forehead and chest temperatures in thirteen subjects under

three conditions.

F"“’Shf;:d(oc) 34°C, T0%RH 27°C, 60%RH 20°C, 50%RH Ch;ffc) 34°C, T0%RH 27°C, 60%RH 20°C, 50%RH
1 36.8 35.1 34.0 1 36.5 35.3 35.3
2 36.6 35.3 33.8 2 36.3 35.5 33.5
3 36.7 3b.1 31.2 3 34.8 34.8 32.1
4 36.4 34.9 33.9 4 35.6 35.1 34.8
5 36.2 35.7 33.6 5 35.7 34.6 33.1
6 35.9 35.1 33.4 6 35.0 34.7 32.8
7 36.6 35.9 33.6 7 35.8 345 32.7
8 36.0 35.0 33.8 8 35.7 34.6 32.5
9 36.6 35.4 34.2 9 35.6 34.6 33.6
10 36.2 34.9 33.3 10 36.2 35.4 35.2
11 36.2 3b.3 33.8 11 35.7 3b.2 34.2
12 36.3 35.4 33.8 12 35.3 34.9 33.8
13 36.1 35.2 33.9 13 35.4 34.7 33.7
meant SEM 36.4% 0.1 35.2+ 0.1 33.6+ 0.2 mean £ SEM 35.7% 0.1 349+ 0.1 33.6%x 0.3
Forehead Chest
45.00 45.00
* %
| 1 Ea 3
40.00 - | e ' * * | 40.00 - W e !
- g:)\ | 1 |
8 35.00 ~— 35.00 r
30.00 + l 30.00 |
25.00 25.00
H. N. CL. H. N. €l

Fig.3-8. Forehead and chest temperatures under three conditions.

H:

34°C,

70% RH condition; N : 27°C, 60%RH condition;

CL : 20C,

50% RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.
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Table 3.4. Upper arm and finger temperatures in thirteen subjects

under three conditions.

UP"";“:E’“ © 34°C, 70%RH 27°C, 60%RH 20°C, 50%RI F‘“Sgs;(t) 34°C, TO%RI 27°C, 60%RH 20°C, 50%RII
1 36.4 34.8 32.1 1 37.2 35.7 23.7
2 36.4 33.5 29.5 2 36.8 34.6 21.1
3 35.0 32.6 28.7 3 36.2 35.4 30.9
4 35.9 32.6 29.3 4 36.7 35.2 25.9
5 35.8 32.6 29.5 5 36.6 35.5 32.8
6 35.5 32.3 29.2 6 36.4 35.2 39.7
7 36.0 32.6 30.4 7 36.3 35.4 33.6
8 35.4 32.5 29.3 8 36.7 35.6 33.2
9 35.3 33.4 31.1 9 36.8 35.5 29.5
10 35.0 33.3 30.0 10 36.9 35.0 28.4
11 35.1 34.2 29.1 11 36.5 35.4 29.0
12 35.0 35.2 30.9 12 36.7 35.7 32.5
13 35.9 33.7 30.8 13 36.5 35.5 33.4

mean* SEM  35.6%+ 0.1 33.3+£0.3 30.0%£ 0.3 mean* SEM 36.6% 0.1 35.4% 0.1 29.7+ 1.1

y Upper arm Finger
45.00 45.00
* %
* K |
40.00 L | o _— 1 40.00 - * % * Kk
= f I | i ! "
8 35.00 - 8 35.00
30.00 - 30.00
25.00 — 25.00
H. N. CL. H. N.

Fig.3-9. Upper arm and finger temperatures under three conditions.
H: 34°C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20C, 50%RH condition.

mean=* SEM (n=13). * : p<0.05, ** : p<0.01.
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Table 3.5. Thigh and lower leg temperatures in thirteen subjects under

three conditions.

Thég]}‘b(nc) 34°C, T0%RH 27°C, 60%RH 20°C, 50%RH L"“"gl:zg e 34°C, T0%RH 27°C, 60%RH 20°C, 50%RI
1 35.8 33.4 31.2 1 35.3 31.8 29.2
2 35.2 33.0 29.8 34.9 32.1 29.0
3 35.2 32.9 30.8 3 34.8 31.9 29.2
4 35.6 32.3 29.8 4 35.0 31.6 28.6
5 34.7 33.1 30.8 5 34.1 31.9 28.1
6 35.0 32.4 30.5 6 35.8 32.3 29.8
7 34.7 32.9 30.1 7 34.4 32.3 29.3
8 34.8 33.2 30.5 8 36.0 32.4 29.3
9 34.5 33.3 29.3 9 34.6 31.9 27.9
10 34.1 32.5 30.4 10 34.8 32.3 29.1
1 34.7 32.6 29.9 11 34.6 32.6 29.1
12 34.7 32.6 30.0 12 33.8 32.4 29.2
13 35.3 33.4 30.7 13 34.2 32.9 29.3
meant SEM _ 34.9%0.1 _ 32.9%0.1  30.3%0.1 meant SEM 348%*0.2 322%*0.1  29.0£0.1
Thigh Lowerleg
45.00 45.00
I * K ; %
40.00 . - | 1
® ok * 40.00 G 5
I 1 | [ T ]
A F e
& 35.00 - 3500 -
v e
30.00 ~ . ! 30.00 -
25'00 | | 25_00 1
H. N. Cl.. H. N. CL.

Fig.3-10. Thigh and lower leg temperatures under three conditions.

H: 34C,

CL : 20C,

50%RH condition.

mean=* SEM (n=13). * : p<0.05, ** : p<0.01.
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Table 3.6. Foot and toe temperatures in thirteen subjects under three

conditions.

F"S"Ltl:,t) 34°C, 710%RH 27°C,60%RH 20°C, 50%RH T‘éeu(l:c) 34°C, T0%RH 27°C, 60%RH 20°C, 50%RH
1 37.1 35.2 26.8 1 37.2 35.5 22.7
2 36.7 33.7 25.4 2 36.7 33.3 21.6
3 36.6 33.6 25.3 3 36.7 34.4 21.1
4 36.4 32.5 27.1 4 36.7 34.0 22.4
5 36.3 34.3 29.6 5 36.6 34.9 27.9
6 36.4 34.2 28.3 6 36.5 34.5 27.4
7 36.1 34.3 32.2 7 36.4 34.1 32.5
8 36.7 34.8 31.3 8 36.8 34.9 32.3
9 36.7 34.2 24.4 9 36.9 34.6 21.2
10 36.5 35.0 25.4 10 37.0 35.1 22.9
11 36.7 35.4 32.0 11 36.7 35.9 31.5
12 36.1 35.2 30.2 12 36.5 35.7 28.9
13 36.2 35.5 31.9 13 36.5 36.1 32.4

mean+ SEM 365+ 0.1 345+ 0.2 284+ 0.8 mean* SEM 36.7% 0.1 34.8+ 0.2 26.5% 1.3

Foot Toe
45.00 45.00
* k& * &
| | |
40.00 * ok * % 40.00 | * % * K
| 1 | | 11
- o~
O 35.00 - O 35.00 |
po— e
30.00 - 30.00 I
25.00 i 25.00 = |
H. N. CL. H. N. !

Fig.3-11. Foot and toe temperatures under three conditions.
H: 34C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20C, 50%RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.

54




)RR R Fig.3-12 IR 7. BREREOEWE & B IEHEERITEL,
FEREMIIBVWTHERZEZNRZD 57z (p<0.01).

Table 3.7. Mean skin temperature in thirteen subjects under three

conditions.

Mea’gﬁ“ (C) 34°C, 70%RH 27°C,60%RH 20°C, 50%RH
1 36.1 34.1 32.3
2 35.8 337 30.6
3 35.0 33.2 30.2
4 35.6 33.0 30.9
5 35.9 33.2 30.6
6 35.3 33.1 30.7
7 35.4 33.2 30.8
8 35.5 33.3 30.5
9 35.1 33.4 30.9
10 35.1 33.6 31.4
11 35.1 33.9 30.8

12 34.8 34.0 31.2
13 35.3 33.8 =1 3

mean+ SEM_ 35.3% 0.1 33.5%+0.1 309+ 0.2

45.00

4000 - ' s« W

|
35.00 F
25.00
H. N. CL.

Fig.3-12. Mean skin temperature under three conditions.

()

H: 34C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20C, 50%RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.
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B 1 i & o % R & Table 3.8, Fig.3-13 (/&) Z /R 9. B2 M it & 13 4 i & 2 84
BT, MR EPLBRERIIC, AERRENRD LN (p<0.01), BEL PATEREE
MIZAEREZZTROLNR o T2,

T & D fE S & Table 3.8, Fig.3-13 (f7) C/R” 7. HFEARE T ORITEIL L,
MEBRELVHEFICRE L, BREPVRE, 2ALAFRBENC, AEARED
WOLNT(p<0.01). L, HFEEE FORTEIZZNZI 0.08, 0.04mg/min
LELTHo T

Table 3.8. Blood flow and sweat rate in twelve subjects under three

conditions.
Sweatrate
Bl""délu"l‘:" (@0 5400 70%RH 27, 60%RH 20°C,50%RH  (mg/min)  34C, T0%RH 27°C,60%RH 20°C, 50%RH
= Sub.
1 5.6 1.1 17 1 114 0.43 0.11
2 3.8 3.8 35 2 0.42 0.04 0.02
3 5.8 6.5 3.3 3 0.68 0.10 0.03
1 6.9 7.2 5.6 1 0.63 0.05 0.06
5 6.7 5.4 49 5 0.44 0.02 0.04
6 6.6 5.1 3.7 6 1.10 0.03 0.02
7 5.4 7.0 4.3 7 0.29 0.04 0.02
8 6.5 5.3 2.4 8 0.14 0.03 0.03
9 5.9 5.7 3.6 9 0.47 0.03 0.01
10 6.1 9.0 4.0 10 1.06 0.08 0.07
1 7.2 9.4 48 1 0.56 0.05 0.04
12 8.0 5.0 6.7 12 0.61 0.04 0.03

mean + SEM 6.2+ 0.3 6.1+ 05 4.0+ 04 mean® SEM  0.63+0.09 0.08%0.03 0.04%0.01

Blood Flow Sweat Rate
32.00 % 1.20
| 1 * %
_ * %k
8.00 oo | T as ,
6.00 E I !
E EI" 0.60 +
~ 400 | s G
2.00 0.30
0.00 — 0.00 = ——
H. N. CL. H. N. CL.

Fig.3-13. Blood flow and sweat rate under three conditions.
H: 34C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20C, 50%RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.
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3. 3. 2 HAERMRRIEE)IC KT R IR E O R

Table 3.9~Table 3.10 IZIX & B8 T R-R Mk, HF & LF/HF, i A0 V8
T2 ROBEBRE 2B 13 N0V S IR 2 4 R 9. £ 72, Fig.3-14~Fig.3-15
B RERICONT— B E N LeRE 77, Fig. 3-14 &7 T L 512,
BEREOKTICLS RREROB AN AL, B8, dr, HEEREOS KM
MTHLAEEBEAENTRINT(p<0.01). HF X, F&, WiE, PILEREOIEICEK T A
Aon, LF/HF %, m, S8, PIEEOIEICHRPA A 67, HF & LF/HF
WZOWTHE, WIFRbEREM TIIAEENA O o7, £72, Fig. 3-15 IZ
E5é, HF H5 WX LF/HF O T Y F I RE 0o 7.

Table 3.9. R-R int. in thirteen subjects under three conditions.

R-Rint
(msec) 34°C, 7T0%RH 27°C,60%RH 20°C, 50%RH
Sub.

1 591.6 744.0 775.1
2 653.3 755.6 801.8
3 637.1 753.1 855.7
4 678.0 848.0 931.7
5 739.2 814.8 827.2
6 630.5 637.9 651.1
7 694.2 801.3 772.3
8 731.0 861.4 863.2
9 826.0 754.1 895.2
10 618.1 747.9 781.7
11 722.0 800.0 877.2
12 694.2 806.5 926.2
13 713.4 668.5 800.4

mean*+ SEM 686.8+ 17.3 768.7+17.8 827.6* 21.2

int. : interval

R-R int. : R-R interval
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H. N. CL.

Fig.3-14. R-R int. under three conditions.
H: 34C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20°C, 50%RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.

Table 3.10. HF and LF/HF in thirteen subjects under three conditions.

ng(b%) 34°C, 70%RH 27, 60%RH 20°C, 50%RH LgigF 34C, 70%RH 27°C,60%RH 20T, 50%RH
1 38 T44 775 1 2.0 3.1 1.9
2 219 756 802 2 5.0 4.3 1.6
3 101 753 856 3 4.9 74 1.7
4 229 848 932 4 0.7 1.0 0.4
b 47 815 827 5 3.3 2.6 2.6
6 272 638 651 6 35 9.1 2.3
7 354 801 772 7 6.0 1.9 4.9
8 501 861 863 8 0.6 1.2 0.7
9 81 754 895 9 1.5 2.1 1.0
10 131 748 782 10 4.1 3.7 4.1
11 178 800 877 11 3.2 1.0 0.7
12 530 807 926 12 2.4 1.6 0.9
13 231 669 800 13 1.4 2.8 1.5
mean+ SEM 687 17 769+ 18 828+ 21 mean+ SEM 3.0 0.5 3.3+ 0.7 1.9+ 0.4
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HF LF/HF

500 5.00
400 + 4.00

~ 300

=

e

- 3.00
200 2.00 |-
100 + . m 100 L
0 0.00
H. N. CL. H. N.

Fig.3-15. HF and LF/HF under three conditions.

CL.

H: 34C, 70%RH condition; N : 27°C, 60%RH condition;
CL : 20C, 50%RH condition.

mean+ SEM (n=13). * : p<0.05, ** : p<0.01.

3. 4 B

RMAEEOEE L Le® FIRICOWT, BR LY, BRALAREBEERIC, A
EEPRODON, P EMREBEM CIIARRENA O RN >72. B, 34C,
T0%HR OZBGEHIIAKRICIRBATE G XD N anole. 0k, Z05ME
X WBGT i 33°CICHHY L, BAHEREMBIKL XL Th -7z 19,

BB IRIZBRBEIREOBE VLY, AERELZ R L. BELHEREICED
& K& IR O mARIE % LT ISR .
BOEVBR B - 2 BB (36.72°C) > fi5 R (36.64°C) > 2 5 #6(36. 50°C) > i A
(86.35°C) > Mg B (35.65°C) > L i &6 (35. 58°C) > K Jk i (34.94°C) > T Jt i
(34.78C)
AT ERBE FR R (35, 36°C) > RiTAE R (35. 24°C) > filg #(34. 91°C) > i L #F (34. 83°C)
> (34, 45°C) > Lt (33. 33°C) > KR (32. 89°C) > TR (32. 15°C)
MR B BE (33, 63°C) > RiAEES(33. 57°C) > KBEHE(30. 28°C) > L i &6 (29. 98°C)
> $5 e #(29. 73°C) > THRES(29. 01°C) > 2 5 #5(28. 44°C) > /& #-#6(26. 51°C)

BR BB K D& B IR OIRE 2= O K/NEALLTFICRT.
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BRERBE L RNLERBEOM - AT ERE(2. 63°C) > A BB (2. 25°C) > AR HEL - AK R
5 (2.05°C) > AJE Bk &6 (1. 89°C) > AR 2L 1 (1. 28°C) > AR 4 {5 (1. 11°C) > A i 6
(0. 74°C)

ST BR BT & W IR BR BE O[] - AJE BEER (8. 32°C) > AR 5 #1(6. 01°C) > Afg A2 (5. 63°C)
>AEREE (3. 35°C) > AT R (3. 14°C) > AKBRES (2. 61°C) > AR (1. 67°C) > A
filg 355 (1. 28°C)

BENERBE L U ERBE O] AR BEER(10. 21°C) > AR F B (8. 06°C) > AFE R (6. 91°C)
>ATRRE (5. 77°C) > A E R (5. 60°C) > AKBR 5 (4. 66°C) > AR 4 (2. 78C) > A
fig 56 (2. 02°C)

LLEDRERN G, BABRE FICBWT, REEE, H8AH & OVE TS 8 o IR 1T @&
, BEBETZINOOEENTICEN AR O, ik, FRICHFET
% @ # kY 4 (Arteriovenous Anastomosis, LA : AVA & i 3) 728 i I 5 £ 12 1
LTWapZeEEEZZONRA. I, BWnE, BEHEAREZTENALRWE DI, AVA
HHE, FPROMBEZBEL, RBIIEALAKAL, FRORBEIE 2D LE
Abhd. £, PREIBMBEICENIEE T, BMOEOSMEENE L, K
MU ORBEERE CMEERSZ N0, KOVHEB» SO ZEORN A SN D.
WZH N L, D B e A MAERF IS LB AR IR IRE A R D72, AVA 2NULHE T
. AVAIZZERICHU EMEFEelley, KARFEZBEL CHRT 0%
B8, R~ M zRED> SE, FROREIIELS 2B 5 Y.

R 1913 22°C, 28°C, 34CEEE FICH 1) 2 RE OIRAAEFEEEOM I LV,
BACRBEE T O R L IEIRIT 35.2C~36.8CO®MICH Y, WM, HMAELD
WZ/h&E W, —J5, 28C, 22 C CTIXRERD oA &2 =T AK[E AR T3 213 &AL,
HAZENKENoTz. RIFETSH 20°C, 27°C, 34°CEREL FEB, &3O KK
B WTREREm AR 57,

BREIREZCHT 5 EEROEEBHICONT, L 191F 22°C, 28C, 34C
BRERERFETICEBT DAL FREZHFHEORBEREHICONVTOMAET, K
X431 & 2 ¥ B g iR o & K BE AR 1
34°C : B Kk OVEE > b > T > fa i
28°C : BHIm K OVEHHES > i > B> Tk
22°C : B K OVSEER > a5 > Tk > B
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EHU, KIRFAEHICRETERBMOEFOEBNZH LI L. LB & O
MIEREIREER KT 2EE N kMDA <, Bk, TE, iR E Ll
WZRT D EEBMBRE o 7.

o, REBROFERN L M IIRERE CHT 2EHN/DEL, B, T
RKEV, T, EOL WofRE ~H LA BB, FTREIKEZLCRHLKRKE
KEHL, BMAZIMHO L WVITRETLIHFELLTOBHETELZRLTND.

B PNREMICRT D TR, RO R EIRZ B RTEE, Rk
KE W A IDIIFR WA DR ST L CREE A e b ok <, SEIEE S 2
IR E, WEOFIRIZ—KIZTHVERLETWD. 22K D&, i< mi 4
ERTFNEIT L, REROEAEITD R, TBRE, EpEiEgrLric< <, K
JEIROEENRKRE N LT o=, T2, BELMERERICE T 5 M
BeRg R G2 B, RaE, faRE, THRE, Epd, KBSIIRREREOREEZ
R X D08, FRIZ, RBEE, REH, HRBEBEROE{EIRES Lo, 2
P PED & 190 B BRI 23 MU R R R IR KA TR & L CAHRMANC N & <, SRR
WCREWRERE —F L7, AMEOF R G RIZRERE IC R S, fFilo, 4
KA 20CU FICIE T4 5L, HEEIZARCETT S ERNER PICL Y H
BERTWD. £, RS O, mHE 19% 28CU FORIME CTIX T REIE CKEE
~L7e.

BRI LEMREICONT, AETIE, MKBZHRBE TSR, 280K
R STBRETRAZERHMARENE., ZRIRGHEERET 80 yMoiE <, (K
BT 2NEOICT D720 AVAIZIHE L, R~ M & IXEA LI EEZ 25
iz, EHEL 2O0=E 25°C, 20°C, 15°CIZH T % P #4137 2 & i i & o
HFIEICH N T, KR 20C~D K F TIE, HMABEOK FICHE-s T, Mg oK
TROMIE DD Z®| LT TWic., —J, BEBREE F CEMB AR L7, AVA
IFTHER L, R ~omFEEIZEmL, EH>FEREL LA LEZEEZ2 DNz,

THFEITEICONWT, BRARE FTORITEIPIEE, AEREEIVEEICS
Dol WIRIZEERES 7200 RETHY, BT ERRRECHT 2K A%
RARKIEME S TH D, ANMENBBAREICIRE SR, RELEOIEIZ LD
FRIGR O ER CHlREERET D L RIS, RITIC X 0 RER O Ky ZEHEZ NS
‘B 2.
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HEREMBIEHICOWT, RREMIZRFEREKTICEIVAEIC LA L. F
LAV E@BANT L LT, BHANLARLHEBA ML AR Y2 AR LIZFKO RRE
FEFEICEB VT, HIRGH 18°C), =R (20~23°C), BEIR (K 40°C), &R (% 60°C)
DHEAT =T b pMIFFEEREBICRFELLZLE A, OEIX, 18CL 20~
23°C T 60bpm, 60°CT 63bpm TH D LWL TWDH. Hill 5 220k D 41 8T
TEACE R Z 0, AT ER 2 OBOBFHRY THY, TOBHBHEEZICE -
TODHMBEENE TS, HICRAMEEIZEO BB EEHEE ITREICK > TEEIR,
BENEFTHITHEES ES LOWBIIEMN T2 EH TS, Zbix, EE
REOCKTELELICRRMEEBENS EH LEARFEREREZXFLTWVD., £72, EDH
PIIBRBRIRBE N ARICEZ D2 BHA ML AICET HMETIE, BEED ERIC
FEVWLDHBETABEICHENT 22 2@ U7z, —J, HF & LF/HF 38 A &0 K&
<, ABREMAPRONT, BREREOEOITABEMBIGENICEEL KIE I 20

> 7.

3. 5 W%

AKETIE, HHERE 34C, 7T0%RH, B 27°C, 60%RH, Wi 20°C,
50%RH ICFEE L7 N TRBESREMNIC, 04clo EXRK CEM T > vV Enn—T0)
DERE 7R 20 UM 13 4 2 xR, ZHEA T 80 MM & &, & M, B
B, FERHEZELRE, WHBTELOLHEESZNE L. R b EEREIC
BT OERIEME SOS BEMHARIEER ZRET L, RO X5 i Rae/mr.

D & TFTHRFEFARETICENT, f13, EREREIVARICEHS, FEICRAA
fif & RIET 2 E MR I Tz,

2) BENLZEIRIT R 2BREBREICH LT, AEREEELZ R L. BRERKE
ROEIZOWNT, RIS E EIE/NT, FRERMEMIIKR T -7z, FriC, B
BEmpEER T, RBEE O REIREZITH 10CTh - 72,

3) AR EMITE KR OEHBITEIZARRE IS THENL, BiREEICEND
T L7

4) BEMBIEBICOWVWT, BREEBEOCKTICHEVR-RMBIIAEICLEE L. HF
& LF/HF 3R BEREABRBD bR o7z,
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D WARESE, WHEHEHE, $iAR—1E, ELHR—, FREM ; BERE T OKIER
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2) IWAEZ, BAREILF, HLIEE ;) &EGREO A KREEFMICET 5 mEE
D 1) LIE®, R Ta—LT I 2T, HEEE, 83(1), 1-6, 2007

3) MERFIZE, Kokmt, NEREH, MHMIEE ; LB TR 5 IR X
JEDPEA, BEREFTF, 4, 153-157, 1982

4) WElEA, RKAPEE, (LREH, BERIERS, & EA— ; AR E R & ORE R
O, RIBZEB O, ANEEHERE, 90(4), 411-419, 1982

5) UTHEAEZE, R, LM, BB E  RBABRE O X T v FER AE
ZH5 22T 5 A  AFICB T LD HFHFELMEETFEHN LML D
ARIZONWTOELE, NM-EFERER AV T LA@ESE, 36, 91-94, 2012
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4. 1 #HF

F2ETIE, BAVRIETHICAED E SN DHEBAFTERRVIEH I AL TR
BRZL L. ZORENOARKETIE, FERGHO —FEL LTREHAGARKBOCLIT
REHMWED)ERAL, BMEAFERICkRETAEARTPHEELZRT .

RGWIE, EICHPIEE T TIiTbh, EEEAR, BECR, ARMRER EONR
BDHESNTHDEN VY, BRI H%OAEHPENEELED-ER IV RV, £z,
BERETICBT 2 RMBCIIES, FEFL2dRLELETAVY T, TL—7
— U T (ERHBINOFEDEIZTHRE bR T WD VI8 flwH &2 5L L BbE
TR T 2RI 2RI v,

BB BT CILIREARIR 2 38. 5°CLL b, (Kl EHEMN 1.5CU Ricz b L Y,
HRRESRRESME T L, BAPEDO Y 27 NE < e b, BREJT X2 E FE R 122
B, KEOHE S, FEGHEZET, @O 25 EGHMA S L CHEIm M),
&R, RREEZED TWLI Y, BHOIIREFEEREET, ERSMmNL RN
RHEHHAFEE L CEHRETERVWERETWD D 2 2BAarL, RET
X, FERE T CRMERIEFES KOG R OB B RIEESICRIE TR, WO
B E PO AR E L LToMEEZBRFA LIS LT2b0THS.

4. 2 MR AGIE
4. 2. 1 BBRHE KR ORRERS

PR HE (LR 22 ok 13 4 T, FHERIT 282 i CEYE + FEIRF2), FK
161.4+4. 2cm, K 52. 6+ 8. 5kg, KK 52 (BMI1)20.2+=3.0 T& % (Table 4.1).
ANTRBEROBREESMIX, KR 34+0.5C, MXEE 70-2.0%, X 0. 2m/sec
CRELE. HBREOERIL, FAOT IV r—La =2, ¥ T vy
100%, ~A Y AT Z v AT ¥y R at) En—T7 80 (i 100%, b A AR
Rt zEHESE. 7 v —1fEIX 0.4clo TH - 7=.

FEMIMIL, 20174 9 A ~11 AICEM L7z, FEBRITAEBRE ORIk E
L, WFnbEEHIcEm Lz, £/, KEOHANEBHLZEEL, 1 A1H 1MH,
R 10 :30~12 :00 XIXF# 1:30~3:00 D\ FhufE — B HICEMR L7-.
o, FRREMEAICEE L, EBREAKA 2HRUNORFLZEILE L. WBREIC
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TEmMEZ Lo TCRIEEZED & & BT, REBRNEICO W T FE KA 28 6 H
ZEEDKRE ST KF#E No : S17C03).

Table 4.1. Subject characteristics.

Sub: Age  Height(cm) Weight (kg) Ci‘:}i{f‘z‘;) BMI
1 23 160.9 66.8 37.3 5.8
9 923 161.8 69.2 34.8 926.4
3 9% 163.5 54.3 98.9 20.2
4 21 153.9 51.6 26.5 21.8
5 23 160.4 475 924.0 18.6
6 926 167.1 55.8 96.3 20.0
7 23 158.3 50.4 24.9 20.2
8 20 157.4 36.0 18.0 14.6
9 27 157.2 48.3 23.1 19.6
10 924 160.4 43.3 15.5 16.9
11 23 162.0 50.3 95.9 19.2
12 25 170.6 57.9 29.8 19.8
13 29 164.4 52.9 926.2 19.7

mean £5D 23 £2 161.4+4.2 52.6 £856 26.2 £5.6 20.213.0

4. 2. 2 WEKHIE

(1) PEE TR

EEHAREOHEL LTHEETERCT  HFTREEDZRE L. & FiRiEY
—IRAZREHTABEGETO -FRICH D ENHOLL ED S M) O E % 8
BEEICHE LTz, 7 — % 3 by 2 (L itk iath, AM - 8051E) T 30 B
WMEMEAREGE Lz, MEA e =71 3R 7rE b @2 he —(ER 5mm, E
T 3em)ZBMTCRLSE, MEII AT 74 Vv ABRBt L - A - = R)
THEMHLMEICH W,

(2) &R

B FG IR E B L, ATARES, MO9S, EREES, fEOSHB, RAEREL, THRES, e,
BB D 8 K Th 2 (HIFEMUSM TN T b BT OREL L), WEICIEY —
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SAZWERFER, F—FalL s A TORBICHAEEELNGE L. B, F
IRz &R (T )% Ramanathan ® 4 SEIC IV EELE Y.
T =(30 g Tu+30 LB Tu+20 KER 70+20 FBR 7%:)/100

(3) Fz )& i it &
HFTFHEIBERHSOLEMRECIT  HKEMKEEKIITOVTIE, “KEL
— Y — Mt (A AT T = — TS, 0Z-2) 2 H W T, REER L ZHE L 7-.

(4) JRpT3IT &
WEE 7THHMEN S TIZHK 8em OATIZ, WEMME S XNBK D 7 'V H T
(SKINOS #f & #, SKN-20000Z W T, BITEOREMNE(/IZHEL -,

(5) B H:#h iR 1% B MR AT

LDERECGIE, TV A Y —f - LEFMQ-16, ¥ vtA1 32T v 7 FEKXE
IR OZ @ ARG IR EEF v A 267 v 7 %K1, VitalRecorder2)
EAWTHGE Lz, WEICB W T, A#E Tic(—), £% 5 MEIC(+), 5% 5
iRz 7 — AN)O BEMEE TITV, ECG Z @ miciigkL7z. ECGT — ¥ %%
M ARG RGN 70 77 5(F vy a2 b7 v 7 Hlat, BIMUTAST)IZ XV
fig#r, R-R M2 O OCUTJE S 247, 0.04~0. 15Hz D K& 3 5k 53 (Low
Frequency Component, UL T :LF & l9), 0. 15~0. 46 Hz @ & J& i % 5k 4 (High
Frequency Component, LA F : HF L)% K72, HF (LRI AR RITHE) L
NSO HEE L LT, LF/HF XA R RIEE) L~ L O A & L CREfli L 7= 9710,
I 7E BF O PED 1% 15 [71 /43 (0. 26 H2)IZ #E il L 7=

4. 2. 3 FEBRTFIE

WBRE L, EBRATICAT=R(25~27C, 50~60%RH) T 10 /0 B L# N & R 5,
D%, NLRBEHEIZAEL, #HHREOEEIIKRICEEEM L 20X 51, wg
AANE2IREE, BRELZFLO LICEWE., FIERSEAICK 20 45/ Tr
=% AL, 30 0 DOZFENMNEZR->T-%, BHBIHECICHEZRBLE. &
MWL 10L Kfl %2 H v, B BEK 8em £ THAKCEY) 4.41)12 15 43 23238 L
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7o WAKRITAKEKICREAZ AL, KLz 15.051.0CIZfRo 72, £z, BEBL
rimAl O EEEMEZIEST 5720, TOMZ LBAF— L iRTHEY - 7. Bml
KTH, EbBICHBEZANVTREBOKZRSICHREIY, 2HewRs Lok
CEWT 16 0 DLHIEM Z R, FEBRET L LEFg4s . NLRAEEAER
REHMmAKBEL CRIKORMZBZ Lz te—Afe L, ERP - L
LA RFF LT, WmAKZAMLCHZEmBEE L. RRE X% Fig.4-2

WZaRT.

Environmental condition: 34°C, 70%RH

Rest Cold Water footbath Rest after footbath
(50min) (15°C, 15min) (15min)

))
.50 (a3 o 3 6 9 12 15 18 21 24 27 30min

Measurements

Oral temperature
Skin temperature

Blood flow %//////////////////////////////////////////////////////////////%

Sweat rate
Heartrate

Fig.4-1. Procedure of the experiment.

Fig.4-2. Experiment scene.
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¥, FEBRET - Bmw P (GEBRETE) - R % (GERE ) OIR MK, RO E
BlHEHEIZOWTIE, EBRPIIETROWE, AR - Mk &0 R E D7D H &2
WEEThH oo, BRTHEBRFIZENHLTEL W, BE IS, FAMICHW
C S RNEL Table 4.2 IZRTHY TH L. WHEORNEL, -40@EFICE W),
—3(FE ), 2 LY, ~1(RLRH L), 0(EBH B EB N Z R, +1(RCENY),
+2(BE ), +3(F W), H4EEFICE V) 9 Bt T, PR o R EIX, o(kiE),
FLRRARR), +20]R), +3CEFEICAR), +4(Dd THRB)D 5 L Lz, 20
VWt 2ZABTERLTH B o7,

Table 4.2. Subjective ratings of sensory evaluation.

Thermal Comfort
4 Very hot 4 Extremely uncomfortable
3 Hot 3 Very uncomfortable
2 Warm 2 Uncomfortable
1 Slightly warm 1 Slightly uncomfortable
0 Neutral 0 Comfortable

-1 Shightly cool
2 Cool
-3 Cold

-4 Very cold

4. 2. 4 WEFFHIMRHT

TRTOWET — X EHEHERED 0 ORI EMENHMEL L, TIhbD
B EIZOWTHFT 21T o7z, a2 P — A BEROCREBHRBEONTIZEWNT
b, REHRBICED 30 mOELO FEYE CIERERZE L RO . FREOREHE
LIz D>\ T — B & o Hr, mBEEMOLBRICOWTIERVELDOH D it
BLiE DT 24TV, WTEiLd 1%, 5% DERELZF - TCHEEN D & L.
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4. 3 MR
4. 3. 1 E B 4G B o 1A I FR E K 1E

2 B 0 0 E BA 46 e O 70 98 A1) 0 E A5 o0 - ) fifl + 2 HERR 72 %2 Table 4.3 (I R” 3. =
YR ABEROCRGBRERE, A F2—TFT PO tBREICIVEREN RS
7. & FIRIXm T 2 37.21°C, 37.31C L, WEAKIEOEAEE 37.0CP L0 <
Rm<, FHEERDS @ EOE %35.08C, 35.01°C &, RiREKICRINT
33.0C LV @EMEAERLE . /o, BIFTHLAKAMELZ EHY, BITFREICH D
ZERIRERE W, AEBROBREEIRE 34°C, MXIEE T0%I1%, #BREICE 5T,
AT 2O RBERATHHRICHY, BREKEZRLCLHIKMETHLZEnbhroT. [
H#HeE LTI oRERKIEN 30CLUL EZEHEH, 35CLUEAZEEHR L LT
. REBRORESRMAELLTL, BEHICIS, &H34EHL L WBGT i 33C
YL, BPERAREL L DICEL TV,

Table 4.3. Actual value of each date at starting to measure.

M " Control Foot bath
easurements (mean + SEM) (mean + SEM)
Oral Temperature (C) 372+ 0.0 373+ 00
Skin Temperature (C)
Chest (C) 354402 354 + 02
Upper Arm (C) 35.2 + 0.2 35.4 = 0.2
Thigh (*C) 348+ 0.1 349 + 0.2
lower Leg (C) 347+ 02 345+ 02
Fore Head (1C) 36.4 + 0.1 36.6 £ 0.1
Finger (C) 36.7 + 0.1 367+ 0.1
Toe (C) 36.7 £ 0.1 36.7 £ 0.1
Foot (C) 36.5 + 0.1 36.4 + 0.1
R s 35.1%0.1 35.0 + 0.1
c)
Skin Blood Flow (a.u) 62+ 04 58+ 05
Sweat Rate (mg/min) 0.44 + 0.08 0.42 %+ 0.10
Analysis of Heat Rate Variability
R-R interval (msec) 673.8 = 19.8 687.0 *+ 13.6
S S D 8437 + 2746 7986 + 1907
Low Frequency Components/
High Froquenty Compenents 27407 41+ 06
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4. 3. 2 HFFiROZEA

TR OREZE(CEEE SR )% Fig.d-3 ICa . AR ESY L2 BT
XL, OFar b — L HORRE, @ITEMBEHEOR KL TL TWD. £/2 n=13,
HRERIEE M OAR EEIE, *HITHRLEP<0.05, **p<0.01), = b —/L#f
ERBIBEEMOAEZITRAI TR LEZFp<0.05, **p<0.01).

HERRZIa e — A HETEILTNREBHICLEESR, ERBHOLA,
W HIZ 0.14CE, AEICKT L(p<0.01), = br— L OMICAEEN
RO LN (p<0.01). EHidk s & FIRIZEIZC 0.13CAHREICIK T L(p<0.05),
OBy b —LBEEORICABEZEZNRD LN (p<0.01). & FiEIX 15 4 [
DREBWIZED, 305 %ETIZO02TCHLDORTEZRT Z BN ER ST

Oral

040

0.20 [

0.00 3 j?DO—O&O:O-ﬁ
X X o, -

-0.20 |
‘ 3]

-0.40

(C)

-0.60 *“
0 3 6 9 12 15 15 18 21 24 27 30

(min)
Fig.4-3. Changes in oral temperature during cold water footbath under
34°C,70%RH environment.
O : Control group, @ : Footbath group; mean=®SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

4. 3. 3 HEBALEZIGIR - ¥R O Z Ak

B R EE O R AL E Fig.4-4~Fig.4-5 ({27~ T.

AT REIRIL, = P — VHECTERELREDH N2, 2WBHEOSE, 2
HBHIChbT MK TL, BHBRBLEICETLE.
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FEs G RIY, 2> b — A HETIE 150 ETEHABEICER L, TO®%RIEEME
FFLED, ROWHEOLES, e PICETL, 1540 TCEaryibte— LD
FICHBEZDPRD LN (p<0.01). BB EIFI LA LEN, 307FTar br
—VRER DA EICERWE S REF S 117 (p<0. 05).

B EIRIE, 2 b — AV HEOEE, BEFMICER L, EHBRHEOLA D,
REWEH N6 REWHRIINT T, AEICEF L. L2L, 2HETO 15 450H

TIHRE LA Ray be— LG S, MERCAEEPRD b (p<
0.01).

EREMEIERIL, a2 b — L HORE, REREHN RPN, BHBH
DEE, BHETIZ0.19C L AREICEK T L(p<0.01), Mtk b EIZ 0.07C,
30 3 [MGH 0.28°CIE N LT 72. 156 0%, 300 & b IC W BERIIC A B 2R Z 038
D57z (p<0.01).

TR R SR O #E s £ {k % Fig.4-6~Fig.4-7 12”7,

KERERZE R, 2> bae— A0S, RIFMIZ L LR, 2HBHEOY
A, BEBHICETL, 2OWBIIABICEA L. 2mit o 15 55 TiEm
FEMICH B ZNRD 5172 (p<0.01).

THREELERIT, 2 b= HOEA, TEAEZHRRD LN VDR
L, BWBEHOEE, RHHEFIZ0.38CEARICKTL(P<0.01), £Wipkix
ZTOWRMEEZHMEFHF L. I50BLO30 W RIcBWTYH, BWBBEHETIEa v
e — AL AEREBIEROKTNARD S (p<0.01).

REMEIGEIL, a2 b —ABORG, FE—EOMEEHMETL TR, &
MWHEOLE, RHHETICHEERIZBICETL, 156401% 15.17TCOH ERIK
TR L(p<0.01), WEHEICHEENRD B (p<0.01). BHBk, HL»
(IR EEEIE L7722y, 30 lpllid, B mBEMICAHEEZNRD L7 (p<0.01).

JEREES R R T R EIR & Rk g ®@ A2 R LT,

ED XS, BBRBHITEBBIZE > T ThoEMo KGR 2> ha—
NIV BETL, BEALCOHMTHMBERICAERENRBD AL, TD 15
Gy T OAR R X R (15, 19°C) > 2 BEHB(14. 09°C) > F AR (0. 38°C) > R
(0.19°C) > H 5 (0. 09°C) > KB (0. 08°C) > mi%H (0. 04°C) > E (0. 01°C) D
IETod -7z, Fiz, Rmwtc, M, KBRE, &35 & 2 B R iR IXEE L7z
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25, BTREED, FEORES, FARES CIXRMEE FICm AR Fife L7z, M, b
ERBEEBIE, =2 b= HOBEEF LTV TH Y, mEADRD RS
nNiinoletE2bh5.

Forehead Chest

1.00 1.00
*
050 0.50 F ‘
= ™
00 9—9—0=0—0—8 e S—e—g—r—u _ U ,@%4 .
N ~~
S S i
A p—
-0.50 0.50
-1.00 | -1.00 F
1.50 150 %=
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 16 16 18 21 24 27 80
(min) (min)

Fig.4-4. Changes in forehead and chest temperatures during cold water
footbath under 34°C,70% RH environment.
O : Control group, @ : Footbath group; mean=® SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, **: p<o0.01.

Upper arm Finger

1.00 1.00

rm—
o ‘ ~ 909 o oo
o
- N
-0.50 | -0.50 ‘
* * —_—
X X
-1.00 | -1.00
1.50 * 1.50 *
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.4-5. Changes in upper arm and finger temperatures during cold water

footbath under 34°C,70% RH environment.
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O : Control group, @ : Footbath group; mean=® SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

Thigh

1.00

—~~
8 L
-0.50 f
*x —

-1.00

0 3 6 9 12 15 15 18 21 24 27 30

(min)

= e

1.00

-1.00

Lower leg
~O=0—O=0—0—0

12 15 15 18 21 24 27 30
(min)

Fig.4-6. Changes in thigh and lower leg temperatures during cold water

footbath under 34°C,70% RH environment.

O : Control group, @ : Footbath group; mean=*SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

Foot

0 3 6 9 12 15 15 18 21 24 27 30
(min)

0.00

Toe

12 16 16 18 21 24 27 30
(min)

Fig.4-7. Changes in foot and toe temperatures during cold water footbath

under 34°C,70% RH environment.

O : Control group, @ : Footbath group; mean=® SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.
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TH) KRR O RERE AL & Fig.4-8 IC/RT. v bu— LTI, B R EIRIT
0435 30 3 ITMiT CTIRE EH L, FiC 00205 15 432/ TiX 0.15°C & A &
WZ(@<0.0) EH L. —F, BHBHTIEAKBEFICIE0.0TCIKR FT 228, W

KIEZIIARBICERS L. 30 0BITHBOEZN R R oT. THHEOE(ITKER
HMEZEFROEAETEL TWD.

Mean skin
040

F -

-0.40 *~

0 3 6 9 12 15 15 18 21 24 27 30
(min)
Fig.4-8. Changes in mean skin temperature during cold water footbath
under 34°C,70% RH environment.
O : Control group, @ : Footbath group; mean=*SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

4. 3. 4 FEMIEE - RETEITEOZE

B O T RE f% f  E O A L & Fig.4-9(E)IZaRT. 2> bu— L BETE, Mk
BONHEIME I H 52, BHWEETIX, 3> bo— A REE S, BET T
T L, BRMWBIEEER L >oEE L.

HEHBITEOKRELIE Fig4-9(F)ICRmT. a v b — AT 0OSN"D 15
FIENTTHEIZHEML, 1564000 30 38 CTHEFRF L7z, BMmwHETIix, 2
MWLV BTFESIE S, 150 TEary b — it OMICHEEZEBRED
B (p<0.01). BWMIBHIT0HM LAY, 30 I b BTl 20 % R e
L, WMEHICAEENRD LN (p<0.01).
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Blood Flow _ Sweat Rate

~~
=1
o~ 0.00 W %@% g 0.10 % %
~“> e =
-1.00 g 000 1B 11
A
-2.00 F 010 |
-3.00 L 1020 b
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.4-9. Changes in blood flow and sweat rate during cold water footbath
under 34°C,70% RH environment.
O : Control group, @ : Footbath group; mean=® SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, **: p<0.01.

4. 3. b BAEMRITE OZA
HEMEROEECcH 2 R-R MK, HF, LF/HF © &2t % Fig.4-10~
Fig.4-11 127”77 . 2> b — L #ETIE, RRIEBE HF XA EH L TH KT 25
DlZxt L, LF/HF I KREREZRI R, BHWEHETIE, 2P rs
RWWHICHT T, RRIEKE HF Z A EIC(p<0.0) LA L, Bdmivtk b EIC
ER LT, —F, BABEOLF/HF I &L T, 2v buo— L8 XY KE
oL, MBEMICAEZEZNRRD LN (p<0.01, p<0.05).
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80.00

60.00 f

0 3 6 9 12 15 15 18 21 24 27 30
(min)

Fig.4-10. Changes in R-R int. during cold water footbath under 34°C,70%
RH environment.
O : Control group, @ : Footbath group; mean=® SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, **: p<0.01.

300.00

200.00

)

o
O\ 100.00
o ——
0.00
-100.00 * -3.00 *
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.4-11. Changes in HF and LF/HF during cold water footbath under
34°C,70%RH environment.
O : Control group, @ : Footbath group; mean=*SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

77



4. 3. 6 MR - PRk o Z A4k

FEHM P OB G - RiE KO ZE (% Table 4.4~ Table 4.5 (277, #ERE O
R FE A X, FEBRATEN D 34°C, 7T0% RH BB 5512 50 4y £ L 7= %, AR 3.3,
PRk 2.2 L ZB L APRAEREL T 2EEHIXEAGE 0.1, tRiEE 0.5 127210,
FEINEMINT. BROWHkIEL, BWEK 16 EFTEARL, B 55, PRiE
% 0.3 & PR 22 R RE 8 flkfe L Tz

Table 4.4. Thermal sensory evaluation of each subject during experiment.

Rest Control Footbath
Sub. 50 min Res? Res’_c Footba_tth Res’_c
15min 15 min 15 min 15 min
1| 4 4 3 1 3
2 4 3 3 0 2
3 3 3 3 0 2
4 4 3 3 2 | i
5 3 3 2 0 1
6 3 3 3 0 2
7 3 3 3 0 2
8 3 3 3 0 2
9 3 3 2 0 2
10 3 2 2 & | 0
11 3 3 3 0 1
12 4 3 3 1 2
13 3 3 3 1 1
mean = SD a4 0.5 3004 28 =04 0106 16X 0.7
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Table 4.5. Comfort sensory evaluation of each subject during experiment.

Rest Control Footbath
Sub. 50 min Res!: Res!; Footbz_ith Res_t
15min 15 min 15 min 15 min
1 3 3 2 0 1
2 2 2 3 0 0
3 2 3 3 0 1
4 3 3 3 1 0
5 2 2 1 0 0
6 2 3 2 1 0
7 2 3 2 0 1
8 2 3 3 2 0
9 2 2 2 1 1
10 2 1 1 1 0
11 2 3 2 1 0
12 3 2 2 0 0
13 2 2 1 0 0
mean * SD 22+04 Z5+06 2.140.7 0.56x0.6 0.3%*0.5
4. 4 HEH

AR OFME L CHE L2E FRIL 15 0MOEHIBTO0.14CoOAERIK
TZRL, LbZORRN/EAKTH 16 oM bk L, & 300H T 0.27C
LOHEBBRIKT 2, Uiz, EEEIRICE WIS % 783 5148 2 R S el o Emn 2
RLTWE, 2RI EE L ERB6.520.1C) & Hk(15.0£1.0°C) DR E #12 &
O, BENLOWAKSOREDEL, MIEAHHA S, MRS mE?, RIEH
MRZ LT, BENO FHERAERIEL, EHEBEORTEZECLEHREIND.

e A IO BB T CRFTIMEOE R REERFTL, IMAHICL > TZD
WRDEL D Z &, FFIZEHOMRIIMOIMA L FLLSEREY EA S8, %
TarRIFTEzH LT L TS, BE L LTEREBOBEFIIRY S
(Arteriovenous Anastomosis, LT : AVA LB ) M BB T CTIXH &, AVA % %
KAHTDHREBICBIT D MIENFFITHE KL, S 5 OGP ENIZE DA E R0
TV EzbNZ. AR PEZ0MEEZT CERTORBME, BH 7 —
VR ERELS BN EFOREICEZE L RITT I EAEHRL VD, 4RI
IR & xR L LT, BMAamA LR, BEKEOAERIETEZ b2
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LI ENRINT. MFICHKELTWVWD Z EIFFREE T CTEMBDO AVA 28 B
TRETOERTHLIRICHD. AVARBRKRT 2L REZMBEARNALD Z L0
200 RSO RFMEIZEN~OBDOWAN K E <, KIRO ER %, KIICRHITE

HTERBON T ~DIRZERBPIREL, KEOETZ L LILEERZDL LN
TE 5. —MICKEEOBMME ZRETHENC X > TULHET 54, AVA 14 R # &
X DFRFE A TIC D 2720, IRFHE L~V 3 R ETIIC & 5 Rk, mokd
ThHo THHBREBICH D Z L2, MEMOBHARISLITRR2D2bDEEZON
5.

R O X H KM H A EECMEEMICIT) L BRAHOBRBICORND L%
HETWD Y, FRIIBAEEECELZHMME TSI L0 E, FRZRAS
O XIIREA 2 ETHE S FIEFHAGICH NEHIND. BIZ, BEDLIT3TC,
50%RH B& 5 F CiE®# 9 5 AiiZ, 28°C, 40%RH OBREKE FTCFE % 18COMAK T
TV =Y T e LR, MATERBERST2AY, EERIIERSEEO LA
DIH SN ERETHD Y. EHRBICEVEBEESME T2 2 L IXAHED
MR E—HLTWD.

BEAHAIC L DB EROEIC SN TIE, 5 W 20X KERA—Y %
EH L, WBCRREEIC @ &N 2 5 2 70k, B & %22 X 2 RfTm E AR o
WFge, MR, $HAF S 2202 X 5 REB KRR O AMERIS DF RSN #RE S LTV D
B, WIhb, FYRETFTOMETHD. RTGENMESARZEROK T 24 T
HMTIEHABIOBRLE -HLTWDA, TOREZEZRY, flx1F, HHEIXEH
WA EIE T 1.0~1.5COIR T2 < & L7, KIFFEDO R T O
REH KBTI, BAMEERINO0L2CHOKRTIZEEE-Tm. 20X HITEE
MEORENRKESEREZELL, BRRET CORBICPILERE T TOMERI
JET& 722, F£72, Johnson b WX, BARE F CHEAMMICELY, AVAD
I & I AE AR 2SVE B L, MBI T2 EHME TV DER. SEOFBRICENT,
BRMWEBIROMK TIX0.19CEEALTHY, AVADOIAME LV, RESEIROEK T
EIRIEEEZLND. SRIOEREZRDE, WTFhOEHMIZE N TH 22 b
n—LHORRICHENDE, EMBHTEIAERKTARD LN, 0D EX
WAL T D REP KT, EHFEO TR, RMOBRBRINICRNTHD. W
WL PR DO KR E Bl e — A HETIRRERD EERXAL I, 28
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BRI B0 W E LT RBAEREHRETCTI o N RBRIND. 2
OIRBETIXRE MBI LD RERET & BTG, itk o AR O T A R
WAEL, ZNOBHEETHIZEICE-T, ANTORBRETN/ NS 2ot
DEBZOLND. BAOFEIIATHCHRBEL, /o, FHEEREZ 1 R TRET
DA, REBFMAKE CHD LT I2WME WERMFITILOTHS.

BRER R S iR BT R mis P L, R BRIIEEB L oomEE Lz, £172,
THBTFE D 2B hicmfl s, 2OBRBECCEE L. Zivd, mEERO
KTICky, Mo, ITRESHOMHEHZEL b LBZILbND. Enink
X, EEHABRBRE TICBEZE SN, OESEE T D & L bICRITE S EIE L2,
v ha— VBTN D L, R BIREEIEOK T OREIC X o THRITBIH
LCWD. Sl AR D 2T BEBREE T, BMBEHR 2D O NMEBANC K 58F% T,
WA X 0 RITFENBAT D2 &, £, T 27T 04 HEE TR IR P
BRIR & BIBRICH Y, mIEICRH1EE, MERE L, HENS T, BT
BLELRDILEERELTCVD. WTFNRORRELAMEERLEE L.

HAAEMKERIEENICEL T, 2OHWBICE Y 0EBERICE TS R-RHEBOWHE & Z 0
BICBTDMENRBO LT, DIEEBMITIC K V5O L7 B 28R R R AR O
HF (T2 Mtk b Wil U, MR RfEREO LE/HF 13, 2WinBiagH» oK E
ERLT. 8- T, BIREMBEOEN RE SN, BHBICE D EEIRKT O
BEE, REMEOTHELE RO DA, ZOKIEOE O, DA %R &
BRI EOMIKEICH D T WEEZOND. kB, ERKTHERL
MM, RER R EHBRENS O LB EICL D &, &5 Ol m Rk & OV E & IE
FEEITEW - BV, RENPSENV - ORENY, REICE{b L. £z, BH
Rkic k2 e, TRBAMIALELS, RRETEIFLTND) , [EHBEHIEERN
W<, WL, BIFNIEEo7) , TERMWBRITITLRLLES, EBNEE
D, IR< 2%, [IFFHLRLSRol) o TWD. ZhbOHEL, FIROAH
RS O A BEMRESHOELE LS HFALTVD.

b, BARBETORABIZTERBARECTHLE FROK T, FMAMEBED L
S, RIS Mo M, BIFOMEEZEL, BEMED D L REMEROIEE L
N EMET S L L bID, BIREMRIEBH LS LE EHSET, VI 78—V
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CHNRELESDMT I EBWAENE R ol BARKOREEHITATIESK L L T
AN THDHI ENREINI.

4. 5 IS

RE T, FERE 34°C, T0%RH ICHE L7 A LERBEENIC, 0.4clo & &K
Ty en—T RO 20 K&t 18 4 25412, 15°C, 156 Mo
AR ZATY, & TR, KER, RAMKELRE, THBITELROCLHE
B2 E L, ORI RS KOV AR RE B IS M X TR, I QNS B E T B
WRA~OFREEEMRFTI L. RO LD R E25.
1) BEHAKEIE, FFTROAERKTZH70 L, TOMRITHKIBHZ bk L
7.
2) BEAAKIICE Y, KEMALFERIT, AKBELOa Y br— LR L LT
AEICIERT L. Gkidgd, KEEROK T EIEEH > FRRHE >R > Ml > K
BRI > AIBHEDINETH o7z, WEBITEIE MBS ME S, 2mnEiL,
RN L., 3 br— VLB L T, BEAIMRIEIFRT 22 LB RB I
7=
4) BAEMREIEEIIC OV T, R-RMMKEE Y HF Ok, LF/HF OK TFHRRD 51,
Bl AZ AR RRAE By D T, AR AR RRTE B O M 2SR S T
5) AEBROMRLIY, BAKORHBRIZEREETH 5 F FIRECKEEEOK T
Ehleb L, REMERIESAMEI SN &b, BPRETHAKRDO FEE LT
DA REPER RIR S Tz
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5. 1 #5

FHAETE, FAREETOREOAKBELT - 2o EIE9)IT, & 08 #H Ik
W) 4 (Arteriovenous Anastomosis, LA T : AVA & & 3) D B 512 X 2 VR IR O K
TR, EI A AR R TS B o TLE 2 BRI RREE L 7.

ARETIE, PURETICBT2-MIWEERK L, ATEICK L7 ERERE R
BoRmmatbixtg e U, R 585 T O RME KRR OGX O A #
RIEEBHOEVEZRAT 5.

5. 2 WA
5. 2. 1 #BRHE K ORRERS

PR E (LR 22 &k 13 4 C, FRERIT 2822 mOEHE £ ¥R 2), FE
161.4+4. 2cm, K 52. 6+ 8. 5kg, KK £ (BMI1)20.2+=3.0 T& % (Table 5.1).
ANLRBEEORBESRMAITHEREFE L L, KR 2720.5°C, HXEE 60+2.0%, &
J0.2m/sec ICEE L. HREOBFEKIT, FAOT I VY —Lva—Yi,
BT v Y 100%, ~A VAT T ATy NUBKRKRE) EN—T XY (R
100%, haAEASt)EEHIEL. 72 —flIX 0.4clo TH - 7z
FEBRMIMIEL, 20174 9 A~11 HICFEM L. ERITEERE O RHITEE
L, WFnbEEHIcEm Lz, £72, KEOHANEBHELZEEL, 1 A1H1MH,
FH 10 :30~12 :00 X IXFt% 1:30~3:00 D\ F A —FEMIH IS FEME L7z, £
o, FRREMEAICEE L, EREAKA 2HHUNORFEZEE L. WBREIC
FTEBE Lo TREEZMSD & & bIT, REBRNAEIZ DV T E K F 05 fH 51
ZEZOKRE MG K No : S17C03).
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Table 5.1. Subject characteristics.

Sub: Age  Height(cm) Weight (kg) Ci‘:}i{f‘z‘;) BMI
1 23 160.9 66.8 37.3 5.8
9 923 161.8 69.2 34.8 926.4
3 9% 163.5 54.3 98.9 20.2
4 21 153.9 51.6 26.5 21.8
5 23 160.4 475 924.0 18.6
6 926 167.1 55.8 96.3 20.0
7 23 158.3 50.4 24.9 20.2
8 20 157.4 36.0 18.0 14.6
9 27 157.2 48.3 23.1 19.6
10 924 160.4 43.3 15.5 16.9
11 23 162.0 50.3 95.9 19.2
12 25 170.6 57.9 29.8 19.8
13 29 164.4 52.9 926.2 19.7

mean £5D 23 £2 161.4+4.2 52.6 £856 26.2 £5.6 20.213.0

5. 2. 2 WIEHE
(1) AkEE TR

EHEEOHE L L THEE TR T HFFREET)EZHE L. & TR
P—IRFXBEFTHEGETFTO -FRIZHDENEOLELESL LN O IR E
AERHAICHE L., T2 a Ly 2 (LGt saklatd, AM-8051E) T 30
WEICHEEEZNE L. MEAYe 73R ) 7oL 82 boe—(HER%
S5mm, £ I 3em)ZEAM L TRV, WMEREFI AT 70 v 2B SHh L -
T T R)THEMLIEIC V.

(2) F &R
B RG IR E S AL IR, ATAEES, Mo, bRREE, e REr, RMRES, TIRE, R
W, REE O 8 A TH DL GEITHETUMT TR EFoflEE L), JEICX
P —IRAFWEFZHW, 7—Fa L7 X T30 EICHEMBEZINE L. 28,
¥R iR (T o) 1F Ramanathan ® 4 S35 L BE L 9.
T =(30 1 Tu+30 L T+20 KBR Tu+20 FEE 74)/100
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(3) B g i I &

FFE 3B RMo R E MG &QCLT - RE MR &I N TIE, ZKkie
V=W =it (F A AU = — 7 A&, 0Z-2)&2 T, RIERMEMEZRE L
7z

(4) Jpn it &
TG T MDD FITH 8em D RFTIC, il B AHE I KK 7 VBT R
(SKINOS #s 2 #:, SKN-2000) % W CHllE L7z,

(5) B HFR RIS B) i AT

LDEMECGIE, TV A MY —f; - LEHMQ-16, ¥ v tA a7 v AR
) B OV F R A A S GREEE (v A 22 A7 v 7 B4k, VitalRecorder?2)
EHOWTHE L., MECBWTIX, H#EF Fic(—), Z% 5 (+), A% 5
e 7 —2(N)O BBELE T17\, ECG ZlifMIciték L7, ECGTF—4% %%
M ARG RGN 70 77 5(F vy A as7 v 7 Hlat, BIMUTAST)IZ &V
fET, R-R K& S O AT 217\, 0.04~0. 15Hz O 1K 3% 25k 55 (Low
Frequency Component, UL T :LF & l9), 0. 15~0. 46 Hz @ & J& i # 5k 4 (High
Frequency Component, LA F : HF LB )Z K72, HF LRI A8 E R RIGE)
N DOHEE L LT, LF/HF [E QAR RIES L XL O L LRl L7z P9,
I 7E IF O B 1 15 [51 /43 (0. 26 H2)IZ HE il L 7.

5. 2. 3 EBRFIH

PeBRE 1L, EBRATICAT=E(25~27C, 50~60%RH) T 10 7y ML &N 2 /D,
D%, NLRBEEIZAEL, HBREORIEITIRICEZEEZEM L2 WK 51T, g
A NE2IREE, BRELZFILO LICEWE., FIESEAICK 20 45 H T~
Y=z iU, 30 M DLFHEN Z ko 7o, BRI CICHEZBB L. 2
MWL 10L Kfl A2 A v, B EK 8em £ THAKCEY) 4.41)12 15 43 21238 L
7o WOKIEKGEKICHREG A 2 A, KiEE 15.051.0CICRk- 7. £/, BEfs
RAIOBEREEME LT 2720, ZOME LBEAF— AR THE -7, 2HE
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KTH, EbICHBEZANVTREBOKEZRSICHREIY, Mz Rs A Lo Lk
[ZHEWNT 15 3 DZFEAL & R 5, FBRE T & L7 (Fig.5-1).

Environmental condition: 27°C, 60%RH

22 Res_t Cold W:'ater fqotbath Rest after 'fooibath
! )(50m|n) (15°C, 15min) (15min)
-50 (( -3 0 3 6 9 12 15 18 21 24 27 30
Oral temperature
siton )
Heartrate

Fig.5-1. Procedure of the experiment.

¥, EBET - Rmmh (GEBRET) - Rme g (GERE )R MK, PREK O E
Bl EICOWTIE, EBRPIIE FIROAE, fERR - M & HED 72D &R
WEECThHoTeled, RTHREREICENEHLTE bW, BEIEZ. FMIHn
C S RNEL Table 5.2 IZRT#Y TH L. WHEORNEL, -40FEFICE W),
—3( ), 2R L V), —1(RRE LW, 0(EBH B L bz 2n), 1Y),
+2(BZ 22 Y), +3(F ), HOEEFITE V) O 9 BT, PR o R EX, o(PiE),
FL(RRO AR R), 20K B), +3FEFICAPR), +4(d TRPF)D 5 B L Liz. 2D
it Vw2 ARG RLTH b o,
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Table 5.2. Subjective ratings of sensory evaluation.

Thermal Comfort
4 Very hot 4 Extremely uncomfortable
3 Hot 3 Very uncomfortable
2 Warm 2 Uncomfortable
1 Slightly warm 1 Slightly uncomfortable
0 Neutral 0 Comfortable

-1 Shightly cool
2 Cool
-3 Cold

-4 Very cold

5. 2. 4 HEHFHIEEAT

TRTCOWWET —Z IEEWRED O SO EEEZIHMEEL L, b0
FALBIZOWTHT 21T o 7o, Fz, FFHREICHE S 3000 Lo 95 HE+
PEUERR 2 & SR o0 7o WIS BR BT K OVE BABR BE 0 e [ 284K > W CUd — Jo il 1 45 Bk
T, MEBREMOLEBIZCOWTIIHRYIRLDOH 5 Zuhl &S #mtr 247, W
TNb 1%, 5%DERELZFHF-THEE DD & L.

5. 3 ff®

5. 3. 1 & B 4h B o 1A 5§ E K 1E

2 B 55 o0 I 7E BA 4h Ry O 5 ¥ A I E i 0 -2 + BE YERR 72 & Table 5.3 (7.
HFIRIZEEALREE F T 37.31°C, FYBET37.06CERL, b5 HEHEKRE
DOIEREAE 37.0C 20 LV O Em<, BARKE LV PIBRESABRICKL2-. 9
R LASN O &AL B IR L E B IR D, BRABRE L PBRESA B IR, - 2.
BRI REREICE 2BV RSN, FERE RS M EIXmEREE CIEaER
AR N hole. £, HHBITEIERRENRESATZOIZHL, F
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SMBRB IR O H o T2
EOEEIRVAR:~ %= =2 855

ik,
BEXhREhrorz.

1

LA EDRE

HHICBWTHRE DA

Table 5.3. Actual value of each date at starting to measure.

i te 27°C, 60%RH 34°C, T0%RH
Gasuremeny (mean+ SEM) (mean+ SEM)
Oral Temperature () 37.1% 01 a2z 37.3% 00
Skin Temperature (C)
Chest (C) 353+ 06 354+ 02
Upper Arm (C) 336+ 06 *x 3541 02
Thigh (C) 330+ 05 x* 349+ 02
lower Leg ('C) 326+ 0.6 xx 345+ 0.2
Fore Head (C) 3551 0.2 i 3661 0.1
Finger () 356+ 0.2 =% 36.71 0.1
Toe (T) 350+ 09 =E 3671t 0.1
Foot () 345+ 0.7 x® 364+ 0.1
Mean Skin Temperature 338+ 04 . 350+ 0.1
()
Skin Blood Flow (a.u) 6.0+ 18 5.8+ 05
Sweat Rate (mg/min) 0.07* 0.10 xx 0.42* 0.10
Analysis of Heat Rate Variability
R-Rinterval (msed) 755.3 1+ 64.2 xx 68741 136
TRirreo et S3bgeh abees +3 7986 + 1907
mv
Low Frequency Components/
High F Gosa 241+ 15 **x 4.1t 06
*: p<0.01

5. 3. 2 H FIROE1L

TR OB CES)E U 2) % Fig.5-2 I3 . X o R A5 45y
DFEREZRLTWS. £7- n=13, %

ZRL, OFXFILEEOME, @ILEARE
B B R R 25 b O A I,
BRELM O A B 213K EN TR L7 (¥ p<o0. 05,

TR, Rmieh B AR
I BEH L72(p<0.01). EWminte, &EE

* FI TR L(*p<0.05,

0.12CH &
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**p<0.01),

BT 015Co{K Iz

(LR RTE

LB BT & & B

HEPH<0.01).

* L (p<0.01), " LBREEIX

BITHIZ 0.13CHIE T L (p<



0.05), T BREIZIRABAIOKEIZR 7. 2HKBY, BABEE LITH S
WCABEENHED LT (p<0.01).

Oral

0.20 F ‘
_O--0-0-0— O‘Oo@

0.00 @—@_ "O- "O_I

.{'\"N_l

-0.40

X

-0.60 -
0O 3 6 9 12 15 15 18 21 24 27 30

(min)
Fig.5-2. Changes in oral temperature during cold water footbath under two
environmental conditions.
O : 27C,60%RH environment, @ : 34°C,70% RH environment;
mean+ SEM (n=13).

* . p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

5. 3. 3 FUBALECREIR - FHI KRR O ZE AL

B R R OKREE(L % Fig.5-3~Fig.5-4 2" 7.

AIREN R G IR I D\ T, BEARE CIX, EHBP (e, 2mngaEiiE
EERTZR L0 L(p<0.05), PIrERE TIX, 2WBHro R2mE®icnd
TIE LA EBAEN oo R HBMBETERICABEENRRBO LN (p<0.01). 14
A E IR DWW, BAGRE T, RMITEEESIME S, RHRESSLE
AL, PAEBRECIE, BT AEIC LS L(p<0.05), D% EIEBENZ > 7.
R BRERICAERENRD LN (p<0.01). EREEERIC OV T, &
BREE I, BRBTAEREAFEZ R L(P<0.05), To#H LB ER LR, i

L
BREBETIX, BABTLLRABRBIIN T TIELEALLE Bl oz, Bk
MEBREMICABRZEZNRED b (p<0.01). FFERHWEIEIRICHOWT, BEBRE TIT,
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RWWHR 2O MW BRICHT THERIKTZ7RL(p<0.01), TILEEE TIE, MWK
PRMICETL, 30RFIC0.7TTCICIR T L. 20%, HnIZEE L, 2mr
B LHFOMEMIZE o7, B, 2B L BICHRERICATEENRD L
n7-(p<0.01).

T R R R O R R L & Fig.5-5~Fig.5-6 (2 /"7,

KBRS EIRIZOWT, ZFREE CIX, 2®MEPICEEN NG S, E2hin#
AERIEE EAMNRLO N (p<0.01), TLBERETIE, 1E&AEELB RS T2.
BREMICAEZNRRBD 5N (p<0.01). FREEZBIRICOWT, BB, Hanmeg
BEEHLRAWICEY, AEICEKT LZ(p<0.01, p<0.05). EHntk, &R
DIREMERICR L, M BREIIA BEREER TR R L72(p<0.01). &1 5 5K &R
ZoWT, MEEALLEMETICRERIZIZBMICIETL, 16 401%, ZHERE
% 15.19°C, HFEEH T 14.52C, AERIE T2 7 L(p<0.01), &EHIEH%KESS )
WCIRERE L. Z2old, 2ok s bIcmER WCHEENRD LN (p<
0.01). J& Bk¥0 B B iR 1T 2 15 ¥ BRIl & R AR R 228 2 R L 7z

Lo X, FHBEEE CIIATEE, MAMAMETL, WEsEES, ki
S, ORBRESIX B S U7e2y, WALBREE CIIATAEES, Mfs, LRds, KRIRES, #5500
F e A EERIT ol WAL E Lo R, BB R OV DU 5 o TR
X, BHWICEI-o CHEBRELE DIREMRTL, HUREHLZ R L.
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Forehead Chest,
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Fig.5-3. Changes in forehead and chest temperatures during cold water
footbath under two environmental conditions.
O : 27°C,60% RHenvironment, @ : 34°C,70%RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

Upper arm Finger
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Fig.5-4. Changes in upper arm and finger temperatures during cold water
footbath under two environmental conditions.
O : 27°C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.
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Lower leg
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Fig.5-5. Changes in thigh and lower leg temperatures during cold water

O : 27C,60%RH environment,

0.00 [

footbath under two environmental conditions.

mean=* SEM (n=13).

® : 34C,70% RH environment;

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

—
15.00 Q‘O- B
- " ’_I 4
L | SO0 ., |
20.00 20.00 ot
0 3 6 9 12 15 156 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.5-6. Changes in foot and toe temperatures during cold water footbath
under two environmental conditions.

O : 27°C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.
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15 B2 IR O R R EAL & Fig.5-7 2R T . FHRFIRICHOWT, FHEBRE T,
BWmEH 0. 07TCIR T L2, Rl kiEAREIC LS L(p<0.05). LB
X, RmimThR L BB BICHT T, 0.1I0CHEICK T L(p<0.05), BEBRE
DAEBERIEEKTARLL L (p<0.01).

‘(\\
&

Mean skin
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:O0.00 ~ XX
= —- Lo e % o
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0,20 | | S==== x —
X
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(min)

Fig.5-7. Changes in mean skin temperature during cold water footbath
under two environmental conditions.
O : 27C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

5. 3. 4 FEMItE - RETEITEDOEA

5 O R K2 R i i B O L & Fig.5-8(ZE)IC /AT . BEBRE Tk, RGBT
JiF I R L, RIS IR L ool Lz, PALBRBE T, BRRie P
J I BT 2SI L, 3 RET 0.62(a. WD AR L, TOBREIMA RS L,

RHWHBIFIE - EIWCHF L., 2ERELOMICARENBD LN (p<0.05).
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WERRITE OREELEAL 2 Fig.5-8CA)IC ¥ . BEABREE CIX, E2HBIC X v BT
BRI S, BABKBITOWIN L. PN BE T, RERABO TS
%'ﬂ: muy)%j/bfcﬁb")f;.

Blood Flow Sweat Rate

2.00 012 r

1.00 0.08 |
é/&) -é)- __&-(5--(5--5; ~~

,‘.:\ 0.00 f % _l .E 004 |
< e =

p— w -

-1.00 F 0.00 F

E
2.00 0.04
-3.00 * -0.08 G

0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)
Fig.5-8. Changes in blood flow and sweat rate during cold water footbath
under two environmental conditions.
O : 27°C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

5. 3. 5 HEMRITE OZEA

BREMEROEE ¢H 5 RRMFE, HF, LF/HF © &K% % Fig.5-9~
Fig.5-10 [Z /" T HEBRE TIiX, 2wt ro 2@mm&iIc/» <, R-RHWKE HF
AR EA L(p<0.01), @@k b I EA Lkl 7. P0ERE TIE, R-RH
iz EH L=, HF IZIZIE ~Ell2 o7, BHEBH, Bmntk s bIiomErrm
CHEBAEDBRD LN (p<0.01). —JF, LF/HF 22\ T, ZERE CIXENRK
FIIE T L, TO®MBEB LD, KERE(ERI RN, FALRETER
REF L. BRARH, BHBH%EDICHEBREMICAREZNED L (p<0.01).

97



0 3 6 9 12 15 15 18 21 24 27 30
(min)

Fig.5-9. Changes in R-R int. during cold water footbath under two
environmental conditions.
O : 27°C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

300.00 3.00 r
2.00
200.00
1.00
2
3.\/100-00 0.00
X 1.00
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0-6-05-01 5-&-0-0-0-5] e
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(min) (min)

Fig.5-10. Changes in HF and LF/HF during cold water footbath under two
environmental conditions.
O : 27°C,60%RH environment, @ : 34°C,70% RH environment;
mean =+ SEM (n=13).

*: p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.
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5. 3. 6 Mk - RO Z Ak

EERE B P OE G - KO k% Table 5.4~Table 5.5 1259 . #ERH O
R REANL L, EBRATAI S 27°C, 60%RH BRELIC 50 4 MW AE L 7212, IRH I 1.0,
P 0.2 L MR A B S LTV, BdiE PIRREmK-1.8, PRk 0.7
2720, RRHELL, ROARERE L. BHEAIE, B BIE-0.5, PRI
041272V, WL SIEEMIniz.

Table 5.4. Thermal sensory evaluation of each subject during experiment.

Rest Footbath

; Footbath Rest

b Sludin 15 min 15 min
1 2 -1 1
2 2 =1 1
3 1 =1 0
4 2 =] 1
b 0 =3 =2
6 1 -1 -1
7 1 - 1
8 0 -2 -1
9 1 -2 =1
10 0 -3 =
11 1 -2 ~1
12 1 -2 -1
13 1 -3 =1

mean * SD 1.0+ 0.7 -1.8+0.8 -0.5%+1.1
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Table 5.5. Comfort sensory evaluation of each subject during experiment.

Rest Footbath
; Footbath Rest
3ub, et 15 min 15 min
1 0 0 0
2 1 0 0
3 0 1 1
4 1 0 0
53 0 2 1
6 0 1 0
7 0 0 0
8 0 2 1
9 0 0 0
10 0 1 1
11 0 1 1
12 0 0 0
13 0 1 0

mean £ SD 0.2+ 0.4 0.7% 0.7 0.4+ 0.5

5. 4 B

REEBOBEL LA TIRICOWVWT, BRABREIIRABTLL2HBHITH
JT, ARICETLEZDIZH L, PEEEFEMGKERTICEALEMKBRZIEME
AT DOKEICR > 2. Zhid, WERBICHFET S AVAIIPIERE T, & 2R ERN
WTWB, BREICHAKEIINE 52 5L, AVAIZB U 5720, RHEEE~O B
B S, EEERENZIE - ECRENZEHE L. BHBToRE LRI
BERG D B OB TR TR E D, A SR AR D DR T~ o Bl s 20N S T 5
=, BAREBEAENRTE L2 LIck 2 19 —F, BREH%OIRERBEITE
BREM ~DORZE MR N2 TS, EARIARI SN EELLND.
Daanen O '"WiZ X % EWFM AKER TIE, AKAI%KICH T 2 EBIEOZES LD
7, TOEF0.07TCE/NInoiz. REFROMNE MK &K TR 30 /0 MICH
7 %% T 0.03C & Daanen b OFERIZHEE TH - 7-.

M B R ST, BEABEIL, E@WTRER OGS, ERE®gEOCL
F L7z, PIBRET, 26T 0.09CABICERAL, TogREEMBEMIZ 7. 2
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MW EERICAEBEENRO bR, A4 W 2T LR O R — 7 5 EE 23 K
RRE IS E HERDOREEICE 25 EBICHoNT, WEEEOAANIC LY RO
KRR OKT &, Mk FEoORESR EH%#® L C\b. £/, Lee & Tokura!®
T FH L FHAE 10CORERBEREICERE L, Bl Z R MAICER S EHET
(X, WA 604 H CIEWMA L2 O K EIRIZTT X TLFHFRELVET L, Mk
JERITLHIFELVF0.6CEA LT WS, 4H, Lee b D BT AR D 37 B
BOMREE/AE L.

AT R IR & EREE R IR IS >\ T, BB TRABIIC L » THRICE X
oot RERREEREZBH D W6 I B 2 HF 28 CaigE R &
RS R S RIE S KR IEIC L o TEEB A LNV ERLE TV D,

BRI EIEIRICOWT, FBRETIE, E2EHT 30KIC 0. TTCAMICIE T L
fo. TOHBESLHICEE L, BHBRESCS EAOBEBNRH Y, 15 5HIZIER - T-.
B 513 24C, 60%RH OB T, E# % /KR 10COMmAKIZ 10 4 HEE L 72 5
BRCiE, REOBKZBEICHEVEIRIZAKICIET L, HKIRIE 3 O TMH/ME %
RL, RERTHEO EFREZM U7, £72, A5 BIT R EHKIBRED AR
IS OBFFETIX, 24°C, 60%RH BE5E T, 15CH7Kk 10 43 [, [BI1E 30 43 [ o 5k %
L7-fE SR, MM AERIT, BRBICLYVIETL, 3SHBICRIEEERLE.

AREBRPSLRE T, BRBLEROEEHMBEMIIHY &, A6 OFR LT
otz —J, BERET, HRAMAMBOLEBIIHRIRELEY, BHBTN
DREBWHICNIT THERIETAROD b, ZHVITERBEEOK TIZHE I KIS
EEZBHND. Grayson' IR O L EZKIE L EH A ML AL OBEE» LR
L,EBEEZ S WEREICL TESRZHA LGS I3 RBIEOEIIT A2 WA,
EIBEZ K WEEIC L RAICEEBORHICE > THEDKE FT 252 L &2mR L
TW5b. BL, KEREOSIZESEROEEEZZ T TND.

FRFMEREIC O\ T, B2ARE I, MitEIEMB TR L, BHB’ED
MmN, FRETN, MiEIXENE P A% TL, 34T o0.6(a.u)
DIKFZERLEZ., ZO#H EFRESRON, RHBEHIZIE - ECHERLEZ. ARK
TR R 2 — BRI, Fm T CIk A M8 2 I S 8 5 R i i & % I
LEEDLZ IRV EEEEOMEI ZIT O . LaL, ANKOR AT 23 M E 5
HENTEZSHE, MWENHED 5-10 PBICIMEDIEBERISHNEZ 52 RN MbNT
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W51 2 omAIC K D ME O LR R %A L B3R KOG (Cold Induced
Vasodilation, LT : CIVD & Bs9) & iE i, Bergersen!®| 25~28C D B EI R
TICBWTCIVD #8l2 L CEY, WABREROKBERLKEDW DY, TOH%D
CIVD i &k % R & i & o - 71%, Bk kv & (AVA) O ILHE - LR RN EIR TH 5 &
RELL., RERPTURRCBT 22 MARKEEMRKEOIKT L Z 0% OEEIL
CIVD /R34 254 D LS L 7.

HAEMRIEENIC DWW T, RRERITZEE, IRz s b LA L, BHAR

ITSIREIVAZTICE N>, HF ZBAREICBVWTAEIC LT L2,
S BREITIEIE — IR o7, LF/HF 2o\ T, 2RBEIAERIETHA RSN
ehy, PABRBITRR BH Lo, FEBRE T O R m AT B HR R 0 s2 BE A o
HEI LA~ TAEmE T oL L BT, RIREMRIES LS AR ERSETY T
T v a VIR EAZE LD, PALERE T ORI E AR ) 42 L
SHhhot. B, ERKTHREMLZIEAGREK, PR S miRg»b oL
HEICLDE, 2FORBBECRBERIE, BNV, REN LML,
RRARRETICELEZ. £, AHEDRICED L, TREBINZOLENL, H®
W, TRewfEerni, R R], TRHEWEBEEIENSIDRY, Rk
X7 Lo TWD. T bOREE, Rl OAE R &K O A MRS
oL ISHFAELTND.

\

5. 5 f¥E

RETIE, FILERBE 27C, 60%RH ICFRE L7 A TRBEENIC, 0.4clo #F K
BT v =T ) O 20 R4&PE 13 & 2 XF402, 15°C, 15 3o
BB KB EITY, BABRREICB T2 RMHKBELBSGE L, RRDBES
o BE AR SRR SOS B OE EHRIEESIC ME T EVNEREI L. K
DX RFEREHFT.

1) &N, BAERECERNLEDIC L, R BRECIIEMBR —H LA L,
RmE R IFARICEIE L.

2) BB NS RMIBHICSHIT T, FERE CIXA AL EE I, s, B
2R T L, REITEMES, ERE, RIS ES L. —F, PERE T
RIAEES, Mads, LMaEn, KRR, HARBORBERITIZE A EELRRrol,
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3) FREMEEMMEIRMIE®R, FARELY PYREOHTPABICE» T2,
4) BAEMRIEBIT, FARE T, BIREMBIEEOTENE O S, Pz
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6. 1

BAETIE, BITAME BARE T2 2 2EMmAKES, EBEROKT %
HIEOLT L EERMNICKRIEL, BHIE TR E L ComEEEzRE L. —
75, REE A (CLT - BIEE TR, BEERIR - RERE ER S, Bl R
MREETTHEL, VI8 —va v IZRndd L0 MREIIZHEBE SN, Fi
NESLCERSBFCTIEASNATHE VY, Lal, ThL0MEBIERESEZKRLE 2N
PYREFTTITORLEEbONREZL, BEREETCEWTORKOMRE L7267
N IMERREE S LTV R L

T, TEBZIEDEFELECHLEMLTVEZERRESNTNDSE Y. Bz
EE T EROMOFN T E TS BEIEZE LRI I BRERIZBNT, KOKE
WALDOBBFFICH TS E D2 L] LERSRTWD R D, WL, EBNRE
RTHL720, BHHWICE AL, Tmatl & TWARAME] BIRMEL TV DHR
BIZHD Y. ZLOMABEICLIVBZOTERTHIMIL - HELT DL LRRAADL
NTWDER, REBDEHEENELISHLTBLY, RMHBEBEIMET LTV E
WHZENEBOKEHE L TETF LN TN D 9712,

LTI TCARETE, FELMEZ G, HBRENMIEZIZ LTS 200C, 0.4clo (3
MT Yy en—Tn "UYOMABOHFE) OFMETTORIER, AR KIS
FROBHEMRESCRIETTERELRFT L LI, HELECHAEEREDN
ZVWZEITHEL, BBREEZRMBAB AT VALB T WA T THRF
L, ZOEZHLNICLEI EEZXT. ZThbZHonicdT s &1E, BIRBO
Kb, LAOEMTICBTHEHMMBOEBEPRERELMS 592 THHEERMR
BEEZD. ZOXHRBHMOBFTMEICET 5 EBEE, BEEFICBITS
KATEOHEE, MAWHFICETL2RKRKE - WELZ2SBEHICES b DO TH S

2
il

Tull

6. 2 WL
6. 2. 1 HHHE
WHRFIL 20 ROBFELLME 1L THD. HRECITHLNUD, BiRkO =~
Fo— VEBREFE—FHEONTRERICS0 0MMEAELTH OV, OFEERLERT
Ao EIRZRE L. HFohnfRFig.6-D)0 b, WBRMH O & I O
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BR DB IR D S T4 GRRR) &RV 6 4 (F280) o i BE I 43000, AT & FE i 2 BE(N
B, #EZMAHEMHEE LT, LFOERICHLE.

Table 6.1 IZ&HEDOWBME O H KA R 3. WA BEILIED 2 BEL L=, BMI
EAAEICTED, ERFETROME TH - 7.

° Upper lower Mean
= Oral Chest Arm Finger Thigh Leg Foot Toe Skin
38.0 r

36.0 r
340
320 r
300 r
28.0 r
26.0
240

220 r

20-0 1 L 1 1 1 L L 1 1 ]

Fig.6-1. Oral and skin temperatures distribution of each subject

under 20°C, 50% RH environment.
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Table 6.1. Subject characteristics.

Norslilll;e G Age Height(cm) Weight(kg) BZ‘EZ:(I; :f;)ce C(]?I?t(i};liz;)) BMI
1 23 160.9 66.8 1.67 37.3 25.8
2 23 161.8 69.2 1.70 34.8 26.4
3 25 163.5 54.3 1.564 28.2 20.2
4 21 153.9 51.6 1.44 26.5 21.8
5 23 160.4 47.5 1.43 24.0 18.6
6 26 167.1 5b.8 1.68 26.3 20.0
7 23 158.3 50.4 1.45 24.9 20.2

mean £ SD 23+ 1 160.8+ 3.8 565+ 7.7 1.54%+0.10 28.9+48 21.8+2.38

I—Sl?eb(} Age Height(cm) Weight(kg) Bzfzas(l; ]];f%ce cfr?tiﬁi?’z)) BMI
8 20 157.4 36.0 1.25 18.0 14.6
9 27 157.2 48.3 1.42 23.1 19.6
10 24 160.4 43.3 1.37 15.5 16.9
11 23 162.0 50.3 1.48 25.9 19.2
12 25 170.6 7.9 1.63 29.8 19.8
13 22 164.4 52.9 1.52 26.2 19.7

mean £ SD 24 £ 2 162.0x46 48170 1.45%*0.12 23.1*49 183%£1.9

HieG VS

Ry el NS NS NS NS NS *

*: p<0.05

6. 2. 2 BRETGAMF KO K &M

ANTRBEEDORE ST, KR 2020.5°C, AXHEE 50+£2.0%, &t 0. 2m/sec
CHRELE., HKIE, $FBOT7I7Vy—Lva—2I, BT v > @ 100%),
NA VAT TR RUBRRR)E N—T N TV (i 100%, A ABRAS
H)EFER ST, 7o —1{H1Z0.4clo™®Th - 7=

FERHIMIX 2018 4 1 A ~3 AICHEM L7z, FEBIX, FHEBREOHKRHICERE
L, WP bEAEHICERLEL. £/, RKIEORBNE#BHZERL, BHITT1IAL
H 1[E, “F@f 10 : 30~12: 00 XIXF# 1: 30~3: 00 O W3 i) fm— K4
Fhe L7z, Eo, FrREVAENICEE L EBRMMGAT 2 RFHAUANORFLEIL L.
BREIZIEEHLE b TRHEEZHFD L BT, KERNFIZOW TR FE KT
Mot Z B2 0RR L1572 OkF# No : S17C03) .
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6. 2. 3 MIEHIE

(1) PEETIR

REHERIROEEEL LTHEEFROGCIT  F FREEDEHE L. & FNRIX
YP—IAFREFTHREETO —FRICH DL ENTOLELAED LA OIRE %
BEAICRIE L., T—2a L s 2 (% WA A4, AM - 8051E) T 30 ¥ f&
WCHIEEZ & L. WEA e —713AKY) e v ®82 bo — (B 5mm,
FEX3em)Z BN LT CRMbESHE, MEREFIAAZ7 7o a2ty - 2 b - =
A)THEP LRIEIC AW,

(2) )& iR

B FE IR E FRALIE, M, LB, fEoeEs, KBRE, FARE, R, JEBEE
DTRTH LTS USTN TS EEFOREL L), MEIEF—I R
RESFAZHY, 7—2a L7 2 T30REICHEMEINE L. i, FEYKE
J(T 9)1X Ramanathan @ 4 S0 &0 BE Lz 19,

T «=(30 f§ Tu+30 L Jii T+20 KER Tw420 FEE Th)/100

(3) B i

£ T 3R I O B vk B (LT - 48 580 AR iR & L K 9IS o v T,
ot b —YF =M (AT T = — T A S, 0Z-2)F AT, RKFHEE
HE L.

(4) JRpTFEIT &
N 7T SHHMED D FITK 8em D RATIC, Wi B AME T A TR VR R
(SKINOS #: &4, SKN-2000)% H T, MERZE% HE L 7.

(5) B AR TS B AR AT

LEMECGHE, 7V A MY —# - LEFMQ-16, ¥ v A a2 L7 v I/ HKAS
) B O F i A A S GREEE (v A 22 A7 v 7 B4k, VitalRecorder?2)
EAWTHIE L. BIEICBWTIE, A8F Fic(—), £85I (+), G5 5
7 —2(N)O BMBAELE T/T\V, ECG Z##HMICIE L. ECGTF—4% %%
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M ERERGHT 72 77 2(F vy A a7 v 7 kN&H, BIMUTASIT)IZ LY
fig#r, R-R M2 O CUTJEEE ST 247, 0.04~0. 15Hz D K& 3 # 5k 53 (Low
Frequency Component, LA F :LF & B3), 0. 15~0. 46 Hz @ & J& 3 % 5k 43 (High
Frequency Component, LA T : HF &3 )Z KD 7. HF I LHI AR RIEE) L
N OFEREE LT, LF/HF 38R RIEE L L O fRfE & U TRl L 72, flE
I O ME % (3 15 [11/43 (0. 25Hz) 12 HE il L 72

6. 2. 4 EBRFIA

HWBREIIHEOKRZEMN L, NLRAMBEE~NAE, TOHIIKZIHAIZH 20
GEICE Y — &M L, 30 43 [H % § AL & ff o 7o % 2R I 0N E % BR Ak
L7z, RIEWICIE 1I0LEIRAKME (7 X7 X TR-1A)Z A v, o K 3em £
TIRAKCEY 4.41)ICRE L. BT 42°C, BEIZ 15 0ME L. RIBEBKT
BHEDICHEBEZ ANV TRBOKE T ICHERDY, BHME@EY A0 EIZEN
T 15 DORFHEMEZHRD, FEBRKET L LE(Fig.6-2). AN LXE=RARERKEIRSG
WL CHRMEORMAZBI L aadary be— L&, BKEZAMLEZSGA T 2
RSt L Lz, ERER% Fig.6-3127 5.

Environmental condition: 20°C, 50%RH

Rest Warm Water footbath Rest after footbath
(50min) (42°C, 15min) (15min)

))
-50 (( 0 3 6 9 12 15 18 21 24 27  30min

Measurements

Oral temperature
Skin temperature
Blood flow
Sweat rate
Heartrate

Fig.6-2. Procedure of the experiment.
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Fig.6-3. Experiment scene.

¥, FEBRAT - RIR R (EBRATE) - IRV % (R % ) ORI, PR o =
BLHEHIZHOWTIE, EBRTITENROWEE, fHERE - K& DHE DD H &2
HEETHoT27o, RTHHEBREFIZCENHLTL W, BEIE. FEMICHWY
- EEREL Table 6.2 IZ7R 7Y Th 5. BHEOREIL, -40EFICE D),
—3(F ), 2LV, —1(RRE L), 0(EB B E Bz 220n), (RN ),
+2(BZ 2700), +3(F ), HOGEFICE V) D 9 Bk T, PR o REE, o(fiE),
FLRRARR), +20K ), +3CEEITARR), +4(FED TRR)D 5 BpE L L.
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Table 6.2. Subjective ratings of sensory evaluation.

Thermal Comfort
4 Very hot 4 Extremely uncomfortable
3 Hot 3 Very uncomfortable
2 Warm 2 Uncomfortable
1 Slightly warm 1 Slightly uncomfortable
0 Neutral 0 Comfortable

-1 Shightly cool
2 Cool
-3 Cold

-4 Very cold

6. 2. 5 Lt FHIMEAT

TRTCORET — X IXEFEHERETO O pKOREBEMHMEE L, T b0%E
ERICOWVWTHMHT 21T o7, WA EHERATINC, HFRERBICHEY 3HBOLE
L DYl FHEYERR 72 & SR 2. & RE O R R ZE AL IZ D W it — Jo il i@ 43 80 7,
WiRER O HBRIC O W T R BB 2TV, Wb 1%, 5% DfEhRE
FoTHEENLD E LI,

6. 3 ff%
6. 3. 1 & B 4G B o 1A I F Ei K 1E

2 HE 0 I E BR hh Ry 2 0818 A1) I E 8 O - )18 TR YERR 22 % Table 6.3 (27”9 . ]
FEL BIZ, FFRIX37.020. 1CEIEFFMMICH Y, ME, LB, KREEHE, T
BRI R R & Y R E IR IX MBI ZZN e oo, L L, BRI IE 31.41°C,
31. 14CE VTR LB LR L Vb d 33.0CY 200 FEIY, FEITF 1T AR A K
DRICHDHZ D, AEBRTHELZRESRMEE, BEBYSEOHREICE
ST, WIRBO TR EERME O FEASFMATDICHYT L2 LRHERAI N
. M CTHIEMABEDORMEBEIE O FH 1T 30CLL LicHrsnhTnd ol L,
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WMAFECTIIRMARBENIEB XLV AEICKL,28CH5 22CETIRFL T
WL e, FBREEEMFEE LD ZATEO T NER ARSI THEIREN - 2.
L7eM o CTRIBIBETORIRFRE L AN AT ER A TIERORH LW EE T 5 L,
WAHTERLVWEIDORENWLE LI LV EEI OGN, LML, TOMmo
WEBRBICIE, MEMCABERETIALLRN T,

Table 6.3. Actual value of each date at starting to measure.

M - Hie G Non hie G
CASIECIET (mean+ SEM) (mean+ SEM)
Oral Temperature (T) 37.1x0.1 37.0+0.1
Skin Temperature (C)
Chest (C) 34104 334%+0.3
Upper Arm (C) 305+ 04 30.0+ 0.3
Thigh (C) 3054 0.2 30.7+ 0.1
lower Leg ('C) 29.7+ 0.2 300+0.2
Finger (C) 2844 0.9 *x 33.4% 0.3
Toe (C) 227+ 0.7 =% 314+ 0.6
Foot ('C) 274206 *x 31004
Mean Skin
Poiiipt () 314+ 0.2 311+0.1
Skin Blood Flow (a.u) 341206 * 6.0x04
Sweat Rate (mg}'mln) 0.03£0.00 0.03£ 0.00
Analysis of Heat Rate Variability
R-Rinterval (msec) 8029+ 241 7881+ 285
Figh Frequency Components 19877+ 4538 24408+ 5148
mv
A ¥ cequency CAungement S 1.6+04 19+02

High Frequency Components

*: p<0.05, ** : p<0.01

6. 3. 2 HFIRDOEA

HEBRAEREDO A 0 & LIEREOFRE « H5M4TOFE VIRORIEEEZ FY
il THEHERR 212 X > T Fig.6-4 27T . WP IKET o ITRERTEZERL, A
IWm Aoy ba— L E&E(CH), AXB 2O RIRBEEWH), OHER %
BEo=z v hr— L E&F(CN), @IFFHMAHORIBRBEHEWN)OMEREEZ L T
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%. F£7-n=13, BREGELLOFEZET, *FITHRLEP<0.05, **p<0.01), =
b — LG BRIBIBSEMOAEZEZ, XA TR LEFEP<0.05, *¥p<0.01).
HRRIZa b —AR0REE, MEES BITHTED 15 0RITIEE A EEL
L72W, 160 % B2 25 EmaIZKTLE. —F, BIEBSMETITERE I
FELE B ABEICET L(p<0.01), BIRWHIT, HFBAMHTITIRELNBITNVERDLD
L, MABTIIEICETFL, 1547 T 0.10°C, 30 /5% 121X 0. 18°C D I JE KX
TRl WA O W TIZEERRT, BEBRZELE b= br =AML D
FICAHBERIRTRRD 57 (p<0.01).

0.10

0 3 6 9 12 15 15 18 21 24 27 30
(min)

Fig.6-4. Changes in oral temperature during warm water footbath under
20°C, 50% RH environment.
A : Hie group (CH), A : Hie group with Footbath (WH);
O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

ANFWm Oy b — L5 E(CH), AEH O RIRERAE(WH), Ok
matoay br— L& M4(CN), @ILIEM IO RBBEEWN)OREREZ R L
TWd. F72n=13, RELIOFEZEL, *FITHRLEP<S0.05, **p<0.01),
ay hr =GR RIEBSREMOAEAZL, ¥ETRLEFEP<0.05, *¥p<

0.01).
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6. 3. 3 FEALIFIE - G IR O ZE A

B R O R L % Fig.6-5~Fig.6-6 [/~ 7.

ME BRI OWTIE, 2 b= A REOHBEmMEEL HITIF L A EEET,
RIRBEREFICEVWTOMAHIEa L Pe— VR EAEEEZ RS RVODITH L,
FHABETITRZEBRICLE > THEICEEKTFTL(P<0.01), 2> be— V&M L0
MICOLABEENPRD LN (p<0.05). TOBRBEELHERFL, 30 0 bRBHE
2R AR T & 8 L 72 (p<0. 05).

EBEES R FIL I OWTIE, 3 b — &k BIBWAEMAEE bIZ, MR
B-mAMEbICETERMZ AL, Wb AEITIET LEZR(p<0.05), iR
FhLar b — L E&hOMCIEIAERERRD LN Mo T,

EREEIEGRIZCONVWTIE, avr bue—A&t0BRE, FAZBITIRE RETHN
RVDIICH L, AL 309 T, 2.86CHLOAERIKTZ a7 LZ(p<0.01). %
RBBEMEOSA, RIRWPICIEM BT 1.04C, WAREIL 3. 73CL, WA
ELHABICHEMRT Lz (p<0.01). EiRBH, FEHXHIL1.45CERTL, B x
BEIXFEIC 2.39CAHBEICIK F L72(p<0.05). BiRBEFLEOREHEBEL, Wit b=
Yhae— A EEEOMICAREZEZ R LI (p<0.01).

TR B & R O #R I 22k % Fig.6-7T~Fig.6-8 |2/~ 7 .

KB R IR T = > b e — V5o fF - BRIRIBSRMHELE S, FomEe b, BRI
FAEBERETZ5RT 2 (p<0.01), FFECILIETEDLNRIN -T2,

T RIZ T b — VR TIEm A S IR T T 20l L,
RRWEETITIREBEBRFRESEFL, ZORKTICELZ. 15 5% &30 %
e, WREE HWEMFERICAEREENRRD 57 (p<0.01).

REMEER T e — A RO EWARE - HFHARL LI, 2LTHT
Xd 5 DREFICABEICEK T LA (p<0.01). —F, RRBEHEOSAWEEL b2
BWEHPICEFRIZAMICEF LEDR, BABOLAEOFRKRThH-72. Zhid
INRRT O R ERIH ZBEO T BEPr o 2 L2 RKBEL TWD . BRI EZITEHS
WCIRENMME T LEZR, 30 0% bakay bue— L& X 0 AEICE GRS
FaEnz(p<0.01). OB 2O Na Ly ba— V&L DENRKE WD E FH#
Frahiz.
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RBEEEEIR T2 b= AR EORE, MARITIE - EOMEZMHERFL T
ey, FEWM A BEILREMICARICK FLAE(p<0.01). BIRBFGOLEILEEEH
BRI & Rk 72 28 &2 R L7z,

UEDXH1C, KERICBITORERE FOa >y b — L &ETIX, WARE -
WA LE BICH RSO L FRIIREHRE E IR TT 2L H Y, B,
RBRES, THEE, REMAEMEIARICIET L. EEIEROMK TEX, MmN
BORHD > R E > LRaEs > T RRE > KRR > R B > WE O TH 2 ol L,
U A TEDS R BEER > 45 00 > R A > T HRES > KRARES > LB s > MM oIETH -
o, WMAFETREEOMK TR/ WD, B3 T CTHRIICH Z D B 33 E #T
D50 3 TT TICMENMILDIETRRRICELTWZEDLEEZLNLD.

Chest ] Upper arm

0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)
Fig.6-5. Changes in upper arm and chest temperatures during warm water
footbath under 20°C, 50% RH environment.
A : Hie group (CH), A : Hie group with Footbath (WH);
O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

116



4.00
2.00

0.00

~ -2.00
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~ -4.00
-6.00

-8.00

-10.00 *-
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_

* * (CH)
* % (WH)

— % % (CH), * * (WH)

0 3 6 9 12 15 15 18 21 24 27 30

(min)

Fig.6-6. Changes in finger temperature during warm water footbath under

20°C, 50% RH environment.

A : Hie group (CH), A : Hie group with Footbath (WH);

O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

Thigh
.40 40 -
wH * % (CH), * * (WH) e
020 | |_ * * (CH) 0.20 |
0.00 | Sy D =1 0.00
-0.20 | -0.20 |
~~ —_~
S04 4y e D040
0.60 | [ * * (WN) -0.60 |
-0.80 B K sk (CN}, % % (WN) '0.80 r
-1.00 | -1.00 |
-1.20 L -1.20 L

0 3 6 9 12 15 15 18 21 24 27 30

(min)

Lower leg

* % (WH), * * (WN)
—* % (WH) —

* % (CH)L ™
* % (CN)

% % (CH),* * (CN)

0 3 6 9 12 15 15 18 21 24 27 30

(min)

Fig.6-7. Changes in thigh and lower leg temperatures during warm water

footbath under 20°C, 50% RH environment.

A : Hie group (CH), A : Hie group with Footbath (WH);

O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.
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Foot Toe

25.00 25.00¢ (e * % (WH)
e — % % (WH) —
20.00} o e 2000l = =2 =1 [ % & Gup

% % (WH) ¥ % (WH) —

15.000 —* * W ] [—* * (W 15.00
~ 10.00} W 3 1000}
L ool S5e3(H) 1S ool

' HERN) R

.
35K (H)
e 3 (N)
a0 _‘J ﬁiﬂa==ﬁ===g==@,--c>fxm) 0.00 R
* % (CH) I
b= 14 = — e 19
5.00 * % (CH) + (O .00 (BN, o) ——————
-10.00" ¥ % (CH), * * (CN) -10.00!
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.6-8. Changes in foot and toe temperatures during warm water footbath
under 20°C, 50% RH environment.

A : Hie group (CH), A : Hie group with Footbath (WH);

O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

VB KGR O REFEALE Fig.6 9 IR . WTIhOEMFEICE W TH LY KL RGIR
TREBFICAH BT T L72(p<0.01). F7z, a8t -FEMmx B E i, BIRRIC
XD TFREHOBEERRE L2 XML T, FHEERIZay he— &L Y 2
REFMETLEAL, 2o RIFREBK TR 2Bk L, MAEEMICHE R
WEH B LTz (p<0.01).
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Mean skin

0.20 _ w % (WH),* % (WN)

—— *% (WH) ’:**(WH)

*k (WN) —

0.00

AN -
"'$~-‘= -t

0.40
* % (CN) % (CH),* * (CN)
* % (CH),* * (CN)
0.60
0 3 6 9 12 15 15 18 21 24 27 30

(min)

Fig.6-9. Changes in mean skin temperature during warm water footbath
under 20°C, 50% RH environment.
A : Hie group (CH), A : Hie group with Footbath (WH);
O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

6. 3. 4 JEIMItE - BITEDOEA

B S8 A7 i R O R AL 2 Fig.6-10(E)ICRT. 3 v b u— L&D BA,
MABOMBEIZ 15 0 FTEHOCHML, TORBAICELLLEBEFEET 2D
STe. =0, FEW AT RIFICABICE T L2 (p<0.05). RIREEMEOH AT,
W AFEO M B ITRIEBBHICAHEICHE D L(p<0.05), ZiRBEFERORRBEZ LD
2, 2y b — L EHtoMICAEENRO LN (p<0.01). EHXHETITREIR
wH, BREBH#ZEDICABRICED LR (p<0.01), = be— L&t oMof
BEEIALR NS T,

HHRTEOKREEIAZ Fig.6-10()IZnT. BESFENBE THDLIZD,
THORMFIIEBW T REABMOBICH Y, BHEREMITHR DO N RN -T2,
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Blood Flow

3.00 r 0.010 |
— % (WH ~
2.00 5
1.00 P __E_
; : - Y
P ~A- .M A, X £ 0.000
“3 0.00 - : e
- S55(H)
~-1.00 2 ]
- -0.010
-3.00
400 L -0.020 *

0 3 6 9 12 15 15 18 21 24 27 30
(min)

Sweat Rate
* % (WH)
— % (WN) \
"ﬁ;f%q +
E J -1 -' ]
I ><><(H) ‘f
* (CH) —
* % (CN) ‘
* % (CH)

0 3 6 9 12 15 15 18 21 24 27 30
(min)

Fig.6-10. Changes in blood flow and sweat rate during warm water footbath

under 20°C, 50% RH environment.

A : Hie group (CH), A : Hie group with Footbath (WH);

O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; *

6. 3. 5 HEEMRERRIEEH OL

: p<0.05, ** : p<0.01.

BEMBEROEE CTH 2 R-RHEMF, HF, LF/HF ©&FFZ£ % Fig.6-11~
Fig.6-12 1Zr7 . RRRMEICOWTIX, a2 btue—L&tEofse, Wt b LR
L, FRIZHEMABETIZMO O 16 DHEICHER EANRA LN (p<0.05). iR
FMEICBNTY, ML BICERL, JEMAITRERT, BEKBEZL LIS
M EANBRSNTZ(p<0.05). LAL, WL bITEL2ERKREL, BIRBICEK
5 ERABRITIAONAD OO, AEEFROONRP-T-.

HF i3, 2> be— L &B054, R 2BEIARICESF LR, BATE
EAEELL T oo, ZHRIE L, BRIBWEHOSEA, EHABIXIZEE
e, BHABITRERTOCEA L, BRBBIETICE 2. FEMHXAHETIE
FEETIROAZVb OO, RiRWTdEIEBRHEZ S RIRWICE > THF METT
LEmAR . KA, A TIEREBFIC= S be— A fMf L0 RiRER
FHETEARTLIHEMBAROATLS, WTFRbIEL2ENRKREL, AEREITR

LIV o T,
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LF/HF X, B2 BEOBAE, EREBT L REEBREHZ b b e — L& L0 2R
ZMHTETL, CBEBBEESFEMICABRENRD LN (p<0.01). FEH BT
WTIE—EDHRPBED Lo 7o,

80.00
60.00
40.00 |

20.00

(msec)

0.00

-20.00 |

-40.00 *
0 3 6 9 12 15 15 18 21 24 27 30

(min)
Fig.6-11. Changes in R-R int. during warm water footbath under 20°C, 50%
RH environment.
A : Hie group (CH), A : Hie group with Footbath (WH);
O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; *: p<0.05, ** : p<0.01.

HF LF/HF
200.00 e
150.00 } [— * * (CN) ol BT * % (CN) = 1.50 |
l 1.00
100.00 }
s 0.50 |
S
50.00 0.00
-0.50
0.00
-1.00 }
-50.00 * -1.50 t
0 3 6 9 12 15 15 18 21 24 27 30 0 3 6 9 12 15 15 18 21 24 27 30
(min) (min)

Fig.6-12. Changes in HF and LF/HF during cold water footbath under 20°C,
50% RH environment.

A : Hie group (CH), A : Hie group with Footbath (WH);
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O : Non hie group (CN), @ : Non hie group with Footbath (WN);

mean+ SEM (n=13). * : p<0.05, ** : p<0.01; * : p<0.05, ** : p<0.01.

6. 3. 6 I/ - Pk o Z 1k

EBRHE T ORGSR - K O 2k %A Table 6.4~ Table 6.5 (2% . EBRAIH)
B 20 CEBRELIC 50 oy MWETE L7, M 2B CIXIRMEK - 2.2, HREK 2.0, EMx
BHECTIRME - 1.3, REK 13 L, WMABHOLTBIVHELI AREZEL T, U
2, 2 bR = RETEIVTRLOBLREBICHL WP LENIZ, KOO ARR
DA THEAT L7e. EBRE TRIC, MABETIRME - 3.3, RiEK 2.8,
HEMABECHMEL -2.9, RiEK24 LES, REZHEELTWE. ZHICKL,
BRWBIZEY, WABECRARK 1.7, K 0.50, FEM B CIRME 1.0, i
B 0.71272 0, IRMEIT EA L, AR T L. BIRWBKETH 16 0E L T
HMARETHEMIE 0.7, REK 0.7, IEMAFTIHMAEK O, REK 0.9 LHES
mEini.

I

Table 6.4. Thermal sensory evaluation of each subject during experiment.

Rest Control Footbath
Sub. 50 min Rest Rest Footbath  Rest
Non hie G 15min 15 min 15 min 15 min
1 -1 -2 -3 0 0
2 -1 -2 -3 0 -1
3 -1 -2 -3 1 -1
4 -1 -2 -3 1 -1
5 -2 -2 -3 2 1
6 -1 -2 -2 1 1
7 -2 -2 -3 2 1
mean* SD -1.3* 0.5 -2.0£ 0.0 -2.9%+0.3 1.0+ 0.8 0.0£0.9
Sub. 50 min Rest Rest Footbath  Rest
Hie G 15min 15 min 15min 15 min
8 -2 -3 -3 1 -1
9 -2 -3 -3 2 1
10 -2 -3 -4 2 2
11 -2 -3 -4 1 1
12 -3 -3 -3 2 0
13 -2 -2 -3 2 1
mean £ SD -2.2+ 0.4 -2.8+£ 0.4 -3.3*0.5 1.7 0.5 0.7%*0.9
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Table 6.5. Comfort sensory evaluation of each subject during

experiment.
Rest Control Footbath
Sub. 50 min Rest Rest Footbath  Rest
Non hie G 15min 15 min 15min 15 min
1 1 2 3 1 0
2 2 2 3 1 1
3 1 1 2 0 1
4 0 1 2 1 2
5 1 2 3 1 1
6 2 2 2 1 1
7 2 2 2 0 0
mean £ SD 1.3+ 0.7 1.7205 24%*05 0705 09%x06
Sub. 50 min Rest Rest Footbath  Rest
Hie G 15min 15 min 15min 15 min

8 1 2 2 0 0
9 2 3 3 0 1
10 2 3 4 1 1
11 3 3 3 1 0
12 2 2 2 1 1
13 2 3 3 0 1

mean £ SD 2.0% 0.6 27058 28£0D.7 0505 0.7+0.5

6. 4 B

RBBEFPNVRIEFTCEILITRb TV, Fi#, EAKS— LIl D AT
H, AR EE TR e L, REHR, ARDR, VI7¥—va PRI
WTELFEHEN TS VD -, BREBEFIHZASLEICHT2HEMEDO T
BEELTHITORLTWD A, AOEBTICBT2EITD RV, Fiz, BHELME
WHAMBRENLZWVWI L 2MEL, BIRBVHIAMESRE L THILE S 0 E
HONZLEYI ETHHDTHD. FIT, BTIIEELEDOH AR E D 50%
CETHEOMENH Y 19, BHBEEOER CIIHERE OB 2 SRR ICER
THZENRTRIN., T TARETIE, HFLM 1340, HEREEICRBIT S
JEBEE R IR A2 RIS LT, REIRAER W T B &, e E Wy TIEm 2B )
WAL, TOEBIZOVWTHERF L.

SEIOBEERIX, a3 b=V RZEOKERNO G KT, ERATICH

I B0 I ELIZICHE b BT, ZOH%D 300B THITE AL EDEMND
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JERABRREMICEKTLTRY, BRREFREBICIE AP oI ERFIN TV,
ay b —LE&EOE FIERIX 304 T0.07~0. 10CK F L, AEREMETTO
EB A EHMi L7z Khan & 17, RS ¥, @ES Wo#t L —H L. BiRXT
EHER TR FHREE THROZ &I, REOAH - fEFE~OEEN D K
HTHY, FEBEENICTOZOL I RRVITZZALCS VW 0D, EFICETD
FfFL L TARIORRKIRE - A& - BERHMIRES L.

ERAERD E, 2002 50 W MEZORIEBIX, WAl - FRABLE B,
RELZEHEEOTRBORLFEREY LA S, FHEERY LA SE0D, &
HOWRGEDL [HLW - ZW] b TELD - BN FTEAIELIHE
DHDHENREINTZ., FICERBEBBATORKMEEHLZERS LV ERWG 28T, JE
WAMEIVEBEO EAERKREL, ZOZREKRTOEFELREVENRRIN
7= 19, Vokac & X P ER & 2 REMHEE OMIC 0.94 DFEWHBERH 5 &
WME LR, SHOBREIINEXFHETLILOTH - 7.

L2rL—J7, & FRIZHOWTIE, 16 Mo iRl TmAliE0.12C, #Fmx
BE1X 0.09C, HICEIRWBEZ LI T LK, 30 0% ICixm 28T 0.18C, Mm%
HTOI10CE, KTOREIBAHMOIFNPNRENI EBXWHLNZR - B 28 -
WAL b — AR RIBEBRFFEMICEIAEREN DV, WHRERT
DORBIBIZE > THERBEENIKTFTT S22, L2rb, ZORTFTEEIHAHETED
RKEWHENTINT.

BAETHE, BRRETORENA KIS CIREEENMET T2 2MRAL, ©
OB ELTE, BARE CIEEBOBFIRIKY A (Arteriovenous Anastomosis,
LR :AVA EBEPIMRB &, REARNALMIREN K ER > TWVWHIZD, BEHK
WTIRMEIC LV ETN D REORN AKLSRAICEE L, WEMKT L7ZFk
MOBBWIZE > THEHTEREPME T LAEEBEZ L., SBOGRERETOME, &
MAERAKICRELZICL22DDL T, WBEKEIMET L0 R2ED, MERE
TUX AVA X B U, & 11 9 B A 2 0D 7= 60 R AW 8 0 B IR 1ft. 0 IR H K F 3 5 72 D 2 5
FIERPET LTS, %, HABETIE22°C, EHZBETYH 30°C L RIS &
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o B & LT, REWEME IHE S (Heat Induced Vasoconstriction, B
T :HIVC LBEPIR B x5 5. HIVCIZTFREZEKE LY @< MRS 2 KA~
DEGEA 2B < T2 1, PR MAE 2NIHE T 2 RO & E & S 4, B o i 78 28 i
SN TWD 222 WG 2%, ZORISITRATED G T, REMRE
I U 7o &5 B s TR 2 2 M I SO & R AT T DL ARIo EBRTIE, 42C
EWVIHRIR LY @WVIRKICAMIC RIS AR S SR, RIRWICHE S %k iR
BEOWAMICBI 2ABRIET, FBABICET & T oMM, BIEBICE D
MADEEEZZ T T W RER fERREROAERK FREx24AET. o
O HIVCIZ XY, EEREOH - OVIMIENENICHAT D Z LIk o T, B
HROBETEZHWEEBERTLLNTEL. RMEBROETABEEFETCH-T2H
ABOEN, KOV RERBETREBEORTZEZLAZZ L LHEECTXD.

HAEMRIGEEICO VT, MAL 2, Hkb 29, fls 0, RIEBOHREIC
B 285 1V C, ARMRIESEZLE, VI 7B —va VB RERLE TV DA,
SENEZO XS R EHBICA BT Z LT TE oz, R-RIAM, HF & b
Cary b — L ftl BRBEFEMOFTEEZIRN TR, BAFEICHOWTIE
HF <, 2iRBFIC L/ T A M2, £7- LF/HF TlI, 2IRBICE2HERIKT,
BN R EOMEI N Ao, REORERIEKTNEFE LG XTI, BiRER
WX DBEIREMREN DY) Z 7B —va IR DLZ NI NT. Em A
HlooWnWTix, LARBRKBYTO HF oMGiER A R 6 528, ZHid 2 imEs
B L HIVCIC L 2 REARTLHE L DB SN R LEBEZOND.
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MEEE b TRIBWTIEENS, RORRKR) , TRIEBRZEICPEN, R0
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7.1
BeETIE, MEEETOREIE/KECIT @ B &9, WEER, &
M OREME R T2 7269 2 & 2 EBRAYITHAE L /2.
ARETE, PYRETICRT 2 @EE2ER L, ATEICL L72mmEE RIS
BULREBZLEANRE L, 825 RE T ORIRR I REMRE S KO E i
PAGE IS RIS BEEMAES D

2
il

7. 2 WFZEIE
7. 2. 1 #ERFE KO TR

BB F LR 2 oM 13 44 T, EHEEIL 2322 R CE A IR E), R
161.4+4. 2cm, A 52. 6= 8. 5kg, (A# 5% (BMI1)20. 2+ 3.0 T& 2% (Table 7.1).
ANLRBEEORBESRMITPIBRESRMF S L, KE 2720.5C, #HxHEE 60£2.0%,
R 0.2m/sec ICHE L. BMEOEKRIT, FADOT 7V ¥ —Lra—>IZ,
4 T > v Y (8 100%, ~A v AT T AV v XU E =T 30 (f
100%, hAABERXEH)ZEMASE, 72 —fH1X 0. 4cloV TH o 7=

FERMM L, 20174 9 A~11 AICEM L7z, EBRITAEBRE O A RYICEE
L, WIFhbEAEMICER L., £72, KEORFRNL#HEZZEL, 1 A1H 1MH,
FH 10 :30~12 :00 X IXFt% 1:30~3:00 D\ F U [A —FEMIHICFEME L7z, £
7o, FEREAERICEE L, EBRBWGAT 2RO ANOBFEEZEEL L. #EREIC
FEHEHEZLbTHELZHED L L HIT, REBRNAEIZO W TIEFE K- JE fm 2
ZE2DOKRBERT OKFE No : S17C03) .
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Table 7.1. Subject characteristics.

Sub: Age  Height(cm) Weight (kg) Ci‘:}i{f‘z‘;) BMI
1 23 160.9 66.8 37.3 5.8
9 923 161.8 69.2 34.8 926.4
3 9% 163.5 54.3 98.9 20.2
4 21 153.9 51.6 26.5 21.8
5 23 160.4 475 924.0 18.6
6 926 167.1 55.8 96.3 20.0
7 23 158.3 50.4 24.9 20.2
8 20 157.4 36.0 18.0 14.6
9 27 157.2 48.3 23.1 19.6
10 924 160.4 43.3 15.5 16.9
11 23 162.0 50.3 95.9 19.2
12 25 170.6 57.9 29.8 19.8
13 29 164.4 52.9 926.2 19.7

mean £5D 23 £2 161.4+4.2 52.6 £856 26.2 £5.6 20.213.0

7. 2. 2 WIEHE
(1) PEE TR

AR OEIE S LTHMEE FIROGIT - F FREEDEZHELZ. & R
b= IRAFREFTARG TFTO—-FRICHLIENFOLELE EDL L) IRE %
BRAICHIE L., T—2a by 2(&xatakAatt, AM - 8051E) T 30 B fi
CHEM ARG L. WEMA e —713RY 7oLy A bo —(E% 5mm,
RS 3em)Z#IM L TR ML EHE, MRIEIATZ 7o v 2ttt « =4 -
A)THE LREICH W,

(2) FZ iR

B JG IR E EAL X, RTAEES, MOES, LRSS, FEOQER, RERES, TRRER, 2,
SR D 8 M Th D (RIFHHMUAM TN TN O ELHFORE L L), WEIIET —
RAZREFEHY, T—FalL 2 T30 BEICHEMBENE L. ki, F
¥ i B8 (T )X Ramanathan ® 4 SEIC LV BEE LT 2.

T =(30 i Tu+30 L Tu+20 KBR Tu+20 FHR 740)/100
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(3) Pz ig i it &

FEREE 3IEERSoRENFEEQCLT « RELEREEKIIZHOWTIEZ, KT
L—H—MikiH AT 7 2 — TS, 0Z-2)2 W T, BREFMZELZ2HE L
7-.

(4) JRypTFEIT &
N 7T SHHMHED D FITK 8em D RATIC, Wi & AME T AL TR VR R
(SKINOS # &4, SKN-2000) % M\ T, #REFRYZE(LZ HIE L.

(5) B HFR RIS B) i AT

LEMECGHE, 7LV A MY —f - DEFMQ-16, vt A a2LT v 7 XA
RO AR AERE FIEEEGE v A 257 v 7 BRASH, VitalRecorder2)
EHOTHIE L. WECEW T, A8#HE TI(—), £F 5 HMIC(+), £5 5
Fhfiz 7 — 2 (N) D EBMBELE TIT\V, ECG Z#ficits L. ECGT—¥ %%
Mg ARG RGN 70 77 5(F vy A 257 v 7 Hlat, BIMUTASI)IC
fET, R-R K& S O AT 217\, 0.04~0. 15Hz O 1K 3% 25k 55 (Low
Frequency Component, UL T :LF & l9), 0. 15~0. 46 Hz @ & J& i # 5k 4 (High
Frequency Component, LA F : HF LB )Z K72, HF LRI A8 E R RIGE)
NV DFERE L LT, LF/HF (328 RIEE L)L odEfE & U TRl L7z, Ml
E IR O R IE 15 [11/43 (0. 25H2) IS HEHIl L 7=

7. 2. 3 EBRFIE

ATE & FERIC, BREBIIFTEOKKREZEN L, NLXBEE~NAZE, ZO%IIK
BEALICH 20 o TR —Z AL, 30 M OZEIEN &R o -1k, BB
WM E & B AR L 72, IR ICIE 10L IR K (7 X7 A TR-1A) % H W,
B> ER) Bem F T AKCEY 4.4L)ICRE Lz, T 42°C, REIE 15 o & L
o, RIBWHRTHRELICHBEZ ANV TRETOKZFRSICHKRETRY, &% g~
FNDEIZEWNT 15 5y DZFEMEZR S, EBRET & L72(Fig.7-1).
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Environmental condition: 27°C, 60%RH; 20°C, 50%RH;

Rest Warm Water footbath Rest after footbath
(50min) (42°C, 15min) (15min)
..... i .
-50 (( 0o 3 6 9 12 15 18 21 24 27 30min

Measurements

Oral temperature
Skin temperature
Blood flow
Sweat rate
Heartrate

P

)

Fig.7-1. Procedure of the experiment.

7pds, FEBRET - RIRE P (ERATE) - BIRE®%GER%Z ) OR MK, REKO E
BLHEHIZHOWTIE, EBRTITENROREE, fHERE - K& DHE DD H &2
REETHoToled, RTHRERZICENEHLTEL W, BEIEZ., FMIH0
7SR EIX Table 7.2 12/ T8V THDH. HWHEOREIL, -4FEFI2EWN),
—3( ), 2R LV, —1(RRE LW, 0(EBH B L bz 2n), 1),
+2(BE 2 \), +3(F V), HOGEFICE W) D 9 By T, PRl o RE T, o(RiE),
FL(RROARR), 20K B), +3FEFICAPR), +4(ld TRP)D 5 B L Liz. £D
BN WleZ L ABRRERL TS b o7z,
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Table 7.2. Subjective ratings of sensory evaluation.

Thermal Comfort
4 Very hot 4 Extremely uncomfortable
3 Hot 3 Very uncomfortable
2 Warm 2 Uncomfortable
1 Slightly warm 1 Slightly uncomfortable
0 Neutral 0 Comfortable

-1 Shightly cool
2 Cool
-3 Cold

-4 Very cold

7. 2. 4 WHEFEERAT

TANTORET — Z I3 FEERF O 0 55k O M E 8 2 9 55 EINHD

ZEAABIZOWTHETZ21To72. PYRELCHBEREOVTAICE T,
FIRE I ICFE D 3 0O EL D FHHE ERYEREZ RO . FEREORFHR LIS

OWNWTIE — i E Do, MEEMOLKEICOWVWTIEHEVELOH D Tl

ST EZITY, Wb 1%, bpDfElRRaeRK > THAEEN LD L L.

7. 3 FER
7. 3. 1 JUE B AR RE O AR FE 6K HE

HBREOWNEHEBEECERB DR E Mo CEYE YRR ZE) %2 Table 7.3 (21
4. E TIRIZIAHBELOPRTEE TS £ 37.07°C, 37.04C L, EEHIRIEDIE

FPHICH Y, WBEREMICAHREN R o7, &AL NI &8 5% M IR % R
SRR O HSEBREO LGN E <, MRERICAREREN LN (p<0.01). F¥ R

ICOWT,  WEBRE L 31.28C & PRE IR EIIZ /R S0/t 833.0C L D TR~ 72
A, PALBREIIE 833.56°C L E DORPHNIC B o 2. HE RS BE ML R & AT R R

W EEMICAEEEN A LN (p<0.05). 2B, MITHEONNT Y FIEIRME L
BOHR, W, RMEEZERIIMEREO NP NRELD KE o7z,
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Table 7.3. Actual value of each date at starting to measure.

M te 27°C, 60%RH 20°C, 50%RH
Gastremen (mean+ SEM) (mean+ SEM)
Oral Temperature (C) 370+ 02 3711+ 02
Skin Temperature ()
Chest (C) 349+ 038 ** 338+ 1.1
Upper Arm (C) 332+ 07 * & 30.1+ 09
Thigh (T) 329+ 05 *x 30.7+ 04
lower Leg (C) 327+ 05 * & 298+ 05
Fore Head ('C) 3541 0.3 x=x 340+ 05
Finger (C) 356+ 0.5 x*x 315+ 29
Toe (C) 346+ 21 *x 270+ 4.3
Foot (C) 342+ 1.3 * % 292+ 21
Moz Shn(ng‘;mpe‘at‘"e 336+ 05 xx 313+ 05
Skin Blood Flow (a.u) 63+ 16 * 49+ 138
Sweat Rate (mg/min) 0.07x 0.06 * 0.03* 001
Analysis of Heat Rate Variability
R Rinterval (msed 756.3 + 76.6 7944 % 68.4
BkBosiey Comeinl.  1pl6GT 10877 =4 25777 + 18113
Low Frequency Components/ 20+ 09 17+ 11

High Frequency Components

* . p<0.05, ** : p<0.01

7. 3. 2 HFIROEA

I FIROBREZEACESE CEAERE) % Fig.7-2 1Cn 3. KK A5 1 2R
WarEL, @IIPIREORKE, OITWMEHEREOMELZRL TWDH. £ n=13,
FRERHEZLORFEZIL, *HITRLEDP<0.05, **p<0.01), FBEHELG
HEBREMOAEZITXA TR LEFEP<0.05, *p<0.01).

H PRI ERBTOHEREREOK FIC L, PLBREIL 0.06CHEIC LA L
<0.01). BiRE#%, MER L GEEMHEREL, SRET, ZHEB%Z L I mEEH
WCHBENRBD b (p<0.01).
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Fig.7-2. Changes in oral temperature during warm water footbath under
two environmental conditions.
® : 27°C,60%RH environment, O : 20°C,50% RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.

7. 3. 3 HEALK IR - SRR 0 Z Ak

BB R ER O R AL % Fig.7-3~Fig.7-4 (2" .

AT IR IS DWW T, WRE &b RIRE P20 BIRE®ZICHIT T, AERIR
ERT27R L2 (p<0.01). BIRBHZOREKFEX, BEEEO TN RKE L, #
VEBELEOMICABEENRO LN (p<0.01). MWEEFIRIC OV T, iR
BOWTHRBBTAEREK T2, L(pP<0.01), TO®RIFIE—EIT/R o728, AL

BIZBWTIIRERE(D oo, BiREH, BIRB®EDICHEBERERICAH
BEPROD LN (p<0.01). BRI EZERICOWT, @EEE TIX, 2iRETKR
EREHNELS, TOBRAERIETZ7 LN (p<0.05), FNLERE CIE, 2iERE
TRREFAICH B2 EA 27/ L(p<0.01), Z0% —EICHFEF L. ZiREP, 2
BHREDICHEREMICAREEZNRD LN (p<0.0D). EREEERIZCOVWT, ®
WERBETIX, BRIBWT O BIBRBZICHIT T 416 CRIBRIBEMK T 2R L(p<
0.01), FYBRECTIRIZEAEEN o7, BIEWYF, RERZ LD ICHEREE
FICHBEEZNRBE O bz (p<0.01).

T BER R SR 0 R AL & Fig.7-5~TFig.7-6 IR .
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K JEIRIC DWW T, MEERE CIX, RIBBEY L6 BEBRICHT THER
BEK T2 L72(p<0.01), PIBRE TIE, 1ZEAEEBNn 2oz, WL

MICAZEEZNBD LN (p<0.01). FTRELZBEIRIZOWT, BEEE X, 2k
B — R ICEE FR L, 20o%BUCEEKTL, BICERBRICHESICE

T L7(p<0.01). FEEETIX, REREBIREVICAEERER EF%27RL(p<0.01),

Fo%, BEMERE >7-. BIREYT, BEB®%EBICHBEMICAEEENAD
N7z (p<0.01). EIEEEERICHOWT, MEHKE L L RIERTICHERITAEKIC
AL, BIRBHBESCHICIEERE L. B2REEBT, BRBHBLELICHEREMICAH

BEEMNRBOOLNTZ(p<0.01). BHHMEZERITEETMAEIE L FFERE S Z2RL

UbkoXoic, BEWICEY, WERE TIEESITER L, MEAIEAEICK

L., REBETLERERE L OMICAEENRBO LN, —F, PIURETIEA
AL B G IR IE, 30 R ETBEH O AT L, A2 1T b E L E T LR EZ R L.
Fro, BIRWTALRRBEBICHT T, BEE RSO EIEOELEITN

BEFTLovdhrmETrTo RN EgicEmnrosi-.

Forehead Chest
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Ty ki —‘ 050
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(min) (min)
Fig.7-3. Changes in forehead and chest temperatures during warm water
footbath under two environmental conditions.
® : 27°C,60%RH environment, O : 20°C,50% RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.
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Upper arm Finger
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Fig.7-4. Changes in upper arm and finger temperatures during warm water
footbath under two environmental conditions.
® : 27°C,60%RH environment, O : 20C,50%RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.

Thigh _ Lower leg

050 | 050 F

-1.00 -1.00 }

-1.60 * 150 L
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(min) (min)
Fig.7-5. Changes in thigh and lower leg temperatures during warm water
footbath under two environmental conditions.
@® : 27C,60%RH environment, O : 20°C,50% RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.
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Foot, Toe
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Fig.7-6. Changes in foot and toe temperatures during warm water footbath
under two environmental conditions.
® : 27°C,60%RH environment, O : 20C,50%RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.

VYR E IR ORREEEZ Fig.7T-7 12737, HEEE T, BIRBH 25 2IRE
BT T, AERETEZRLE(p<0.01). FLEREE CTIX, BEBT, BREFHIC
AEZR EF %2R 1L(p<0.01), 0%, REMEWE 7. BiRied, 2EBHKED
W ERERICAEZEZNRD b2 (p<0.01).

Mean skin
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Fig.7-7. Changes in mean skin temperature during warm water footbath

under two environmental conditions.
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® : 27C,60%RH environment, O : 20C,50%RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.
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Fig.7-8. Changes in blood flow and sweat rate during warm water footbath
under two environmental conditions.
® : 27C,60%RH environment, O : 20°C,50% RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.
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7. 3. 5 HEMKIEE DL

HREMEROBE CTCH S RR MW, HF, LF/HF O &M% {t % Fig.7-9~
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Fig.7-9. Changes in R-R int. during warm water footbath under two
environmental conditions.
® : 27°C,60%RH environment, O : 20°C,50% RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.
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Fig.7-10. Changes in HF and LF/HF during cold water footbath under two
environmental conditions.
® : 27°C,60%RH environment, O : 20C,50%RH environment;

mean+ SEM (n=13). * : p<0.05, ** : p<0.01. * : p<0.05, ** : p<0.01.

7. 3. 6 WM - PO L

EBREIE T OR G - KO L& Table 7.4~Table 7.5 IZ/77. #EHE O
R REAM AL, FEBRETAI S 27°C, 60%RH BREEIC 50 4 MW E L 7=, IRH I 1.0,
PR 0.2 LR NL B AHE LTV, BB T IZEA R 1.8, P& 1.0,
BN, RROARER . BIRBHIE, RAK L2, REKT0.3I1I2Y,
BRE T LRGBS A RBEILERm S .
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Table 7.4. Thermal sensory evaluation of each subject during experiment.

Rest Footbath

; Footbath Rest

Sub, i 15 min 15 min
1 2 3 2
2 1 2 2
3 1 2 1
4 2 3 2
5] 0 2 1
6 0 1 0
7 1 2 1
8 1 1 2
9 1 2 1
10 0 1 1
11 1 1 0
12 2 2 2
13 1 2 1

mean £ SD 1.0%£ 0.7 1.8+ 0.7 12407

Table 7.5. Comfort sensory evaluation of each subject during experiment.

Rest Footbath

; Footbath Rest

Bs: i 15 min 15 min
1 1 2 1
2 0 1 1
3 0 1 0
4 1 1 1
5 0 1 0
6 0 0 0
7 0 0 0
8 0 1 0
9 0 1 0
10 0 1 0
11 0 1 0
12 0 2 1
13 0 1 0

mean £ SD 0.2 £ 04 1.0 0.6 0.3 05
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