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Fig.1. 1 Number of emergency medical evacuees with heat stroke by year!?!
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Fig.2.1 Mechanism of occurrence of heat stroke to each pathological state!'*!
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Fig.2.2 Mechanism of Bezold-Jarisch reflection and its effects
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Fig.2.4 Winch operation on the ground
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Fig.2.5 Electric wire embarking in the air
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Table 3.1 WBGT values and experimental collaborators on each experimental day

WBGT[°C]

ID Date

8:30 10:00 12:00 15:00 16:00
A 8/5 29.8 28.7 28.6 28.1
B /6 28.4 27.8 29.3 27.1
C /25 30.6 309 331 31.2 31.1
D
E /9 25.8 28.2 26.1 27.7
F
G
H 9/10 25.2 24.9 26.4 26.3 25.6
I
J /13 25.6 24.2 274 253 233

Table 3.2 Timetable for the transmission tower construction site biometric information

collection experiment

Time

8:00

10:00

12:00 14:00

16:00

18:00

Working time
(Real time
me s ure me nt)

E——

Mesurement
at break time

Questionnaire

Break time
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Fig.3.1 Heat Stroke Subjective Initial Symptom Survey Questionnaire
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Fig.3.3 Experimental collaborator wearing biometric device
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M7 > r— X, BVEOYIIIRIE L 725, IEONLBkA, &R, Bm, HER, K
TORE5E, MW - EPHOETIZHONT, £2<EUARY, L5, 4 Lig K
U%, <KL D, i< KU 20 5 BRERHNG 2 B S I fiAE L7z, RERIZ=E
KF TR RHRE L B2 ORRE Z T TTbiu.

322 AEBEHEHERE
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A=, snhETnoY> 70 v 7 ERE L 1024Hz, 4000Hz, 1Hz & L7z, fEx@EEA
DUVEFHE, AR 7 7 (ML132, ADInstruments, Inc.) & A2 {&EHHI> A7 A (Power Lab
2/25AD ML825, ADInstruments, Inc.) THL S 4, LEZ7 —Z T PC TRk L7, A E
T D LERFOMEE O % Fig.3.5 12777, Vitalgram CT2 13 E B /138 O 2l 2475
L, TEERICKENORHBET 22 R0 E 5, EHFESLVNET -V 7 TREE L.
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MICL o CTHE L., EBRICERBIEICOET — X 3HIEEZESE Lok %
Fig.3.6 , SRS A4E5E L7obR 1% Fig3.7 I 7.
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Fig.3.4 (a) Rope work (b) Walking on the rope

Table 3. 3 Timetable for Artificial Climate Chamber Biometric Collection Experiment

Time 0:00 0:30 1:00 1:30 2:00
Walking [ ]

Rope Work I I
Questionnaire H H H

Break time . ‘ -
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Measurement Systems

Amplifier

PC

Fig.3.5 Configuration of a stationary electrocardiograph device

Fig.3.6 Wearing an electrocardiograph used in the artificial climate chamber

experiment
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Fig.3.7 Tympanic membrane thermometer fitted in an artificial climate chamber

experiment
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3.3 FHEFIER ORI R

3.3.1 LET—Z T FIE

Bezold-Jarisch SCHHIC K 2 RIS, Ba7n Dk ARl o o 5 DX R HE G
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F4o56L7%5. AHT S HF OREOG EAO—FlE LT, #4355 HF
A RIS DR RYNT — & D 7T 7 % Fig.3.8 \oR$ . #ithhic HF 54y O Mg [ms], HEdiic
2 [hmm] TdH 5.

30 ~ 60s

10

HFA[ms]

s 1

3 times |

0
10:27:30  10:28:00 10:28:30 10:29:00 10:29:30
Time

Fig.3.8 An example of a sharp rise in HF component amplitude of interest
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332 AR TFE

TE¥F OIRFAEIT VitalgramCT2 12 X > THIE Sz RR [EFE2HFEHHE T 5. RR [H
b 1L OERENOROOLERE E TORMZEL TBYEAHNTHS. IR\EITL=
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60
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P RRI (-1
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SEBIE A, R, BENE, MER, RPo7Es X, CHETD - £ OISOV TR
L7z, FaHERICOWT, <KUY, 3R T 5, D LKL D, <K
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F4E
KB R A OSE

AREETIIEESE THBS COARERINEIZ L > TH L BHE B A WIHIE
W7 o r— MEREDET — 2 TR R E BEL 41 fICTHIAT S, 2, ALAE
ETOERERIEIZ L o> TH SN BHE B ROIBEER T > 7 — MER L LET
— Z TR R & B A 42 B TR 5.

4.1 FEEFEIFRRAREEREREROEE

4.1.1 BHEBRRFIBER Y 7 — MER
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R, MEEROAE, ER T O, ARATREFMIZ R LTS, T —h
(XU, 1T L AL DER)FE ORI ETHIEIL 0 TH Y, EBRIEF L3FE
Bt 11 1 & EBR 13 T ORTIETIR A AN XAt O EER I 13E L0 & 2 & 3 ERR
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M<K U2y EEBELTRY, ERAHREGIHMIMEILS Tholo., ERBIE 11X
W, B, 725 8, MERDO 4 H>OHEBIZBWNT 1 O MHE U] LRIZLTEY,
RIRETREEFHNE L S Th o7, ERHIE T1E, hEXKD 1 DOHEBIZBNT 1O
<R C7z) LEELTRY, RRAHRBRGTHMEMEIL 1 Tho7e.

U bEDZ e, FEBIE F & ERWGH# 1 & G IE T IEHE B ERER %
L TR, BAHIECHRINZH T2 0D,

412 DLET—FRNTER

K FEBRG 1 H OLET — F RITHERIC X o TR S HE R IRIER R ST — & &b
W% 77 712 L=t D% Figd.l 75 Figd 10 (279, 5 1 HedlhiZ HE 0 #EME[ms],
W2 fEEN O bpm], AREZEEZ [hmm] & E LTV S, HIERRIE HF SRR,
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IRFERUT DI AR LTV D, & TR 18 O FEBRH IR T & 72 HF i iRis o @ b
FH DA%k % Table 4.2 |Z/R7.

HEDMEENC & - 72 BRI IE F, 1, J O HF RO EEOZ LS oEEKE, BfiED
RN 72 Do To L D EER W 18 L0 2 <, ZTnZEh4lal, 4[E, 8EIE R ST-

413 FXEEHKEBETHFHGEREEROELR

5 FEBR B ORI TR A AL A & SEBR T2 T & 72 HF BRI O & B 5o
B FE Ll D% Table4.3 |Z7”7. Table4.3 OfER%E 7' 1~ b L7#ER% Fig4d.11 12
AT fiEERAS HE sy ORI OS2 LR 28 Lz %, BN AT A B oA 3 g
ZRLTWA. Figddl L0, BWREDMHIZ & - 72328k I F, 1, J O HF B iRNE
DR LR OEHUL, BAIEOHIANZ R0 > o O ERIG E L0 %<, T 4 18],
4 18], 8lal&7rofc. —J5C, BAEDMHMIC R o 7ol oD FEBR T, J)7& D HF Bl e
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Table 4. 1 Results of questionnaire on subjective initial symptoms of heat stroke for each

experimental collaborator

D WBGT Vitigo Spasm Headache Nausea listlessness Low concentration | Evaluation Value
[c] Middle End Middle End Middle End Middle End Middle End Middle End of Questionaire
A 28.6 0 0 0 0 0 0 0 0 0 0 0 0 0
B 29.3 0 0 0 0 0 0 0 0 0 0 0 0 0
C 33.1 0 0 0 0 0 0 0 0 0 0 0 0 0
D 26.1 0 0 0 0 0 0 0 0 0 0 0 0 0
E 26.1 0 0 0 0 0 0 0 0 0 0 0 0 0
F 26.1 1 1 0 0 - 1 0 0 1 0 1 0 5
G 26.4 0 0 0 0 0 0 0 0 0 0 0 0 0
H 26.4 0 0 0 0 0 0 0 0 0 0 0 0 0
I 26.4 0 1 0 0 1 1 1 0 1 0 0 0 5
J 274 0 0 0 0 0 0 0 0 0 1 0 0 1
50 \ [ [ w 180
~ HF Amp. |||
~— Heart Rate
40 | 1150
—
11359
RN - S
Z 30 120 P
< 1105 5
720 - M 190 %
\
175 =
45
1 I I I I 1 3 0
10:00  11:00  12:00  13:00  14:00  15:00
Time

Fig.4. 1 Results of electrocardiographic data analysis for experimental collaborator A
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50 A‘ 180
—HF Amp. ||
—Heart Rate 165
40 + 150
| ﬂ 1135 ’g
30! | 120 E
E | 1105 £
< S
=20 - 190 =
a2
175 =
10 - /\f\ A 160
I s
O | | | 30
10:00 12:00 13:00 15:00
Time
Fig.4.2 Results of electrocardiographic data analysis for experimental collaborator B
—Heart Rate| 165
40 - 1150
1135 g
230 120 E
£ 105 &
= 1055
20 190 =
o
175 =
10 160
MWMM B 45
| \M W\/Mw 30

O | | | | |
8:00 9:00 10:00 11:00 12:00 13:00 14

Time

:00 15:00 16:00 17:00

Fig.4. 3 Results of electrocardiographic data analysis for experimental collaborator C
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50 HFA 180
— mp. ||
—Heart Rate 165
40 + 1150
1135 g
gmt | W l‘ 1120 g
— | ~—
< \ Ai Mw 105 s
= 20 w | | ) 1( 90 =,
T “' >
175 =
10 - 'MW 160
ONW | o NWWW‘M:(S)
&:00 9:00 10:00 11:00 12:00 13:00 14:00
Time

Fig.4. 4 Results of electrocardiographic data analysis for experimental collaborator D

50 \ 180
—HF Amp. |
—Heart Rate 165
40 - 1150
\ 4135
) L i
§.30 | w 120
T 20 w ‘ 190
| 75
RUNTRTRTY I
) ﬂ W W 145
O | | | | | 30
8:00 9:00 10:00 11:00 12:00 13:00 14:00
Time

Fig.4. 5 Results of electrocardiographic data analysis for experimental collaborator E

HR[beats/min]
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50 A 180
—HF Amp. ||
—Heart Rate 165
40 ’ ‘ 1150
M 1355
'2'30 - N ﬁ W 1120 E
£ ﬂ ‘» w M 105 &
= N 1105
E 20+ Ww 190 =,
o
175 =
10 | 160
0 | | | u L\ I 1 WW ] ;I-(S)
8:00 9:.00 10:00 11:00 12:00 13:00 14:00 15:00
Time
Fig.4. 6 Results of electrocardiographic data analysis for experimental collaborator F
50 w ; HE A 180
7 mp. ||
—Heart Rate 165
40 - 150
1135 g
230 - | =
ERL | m ﬂ- 120 £
< | 105 3
=200 \ {190 =
o
175 =
g L, S
O | L | | | | | I 30
8:00 9:00 10:00 11:00 12:00 13:00
Time

Fig.4. 7 Results of electrocardiographic data analysis for experimental collaborator G
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30

50 18
—HF Amp. || 16
—Heart Rate
40 - 15
A ﬂ 113
) L |
e ’ 7 10
= W \
T 20 90
175
10 w 160
o k\ ; 4 _45
0 : : 30
8:00 8: 30 9: OO 9: 30 10:00 10:30 11:00
Time

Fig.4. 8 Results of electrocardiographic data analysis for experimental collaborator H

0

S L O W

HR[beats/min]

50 : —HF Amp. L 180
—Heart Rate
1165
40 - 1150
| 135
£30- | 1120
< | I 1105
S L i
» :
| I * )
10 MM 'M” 160
'W" PMWV n 45
O | | | | | ] | 30
7:00 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00
Time

Fig.4. 9 Results of electrocardiographic data analysis for experimental collaborator

I

HR[beats/min]
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50 ‘ 180

e Rt

40( 1150

20l \ ‘A i 126

230 | 1120

% w w M WM w W “ ( 105
F

720 ¢ M 90

175

10 - 160

He W TARRER T W%\M:g

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Time

Fig.4. 10 Results of electrocardiographic data analysis for experimental collaborator J

Table 4. 2 Number of HF component amplitude spikes for each experimental

collaborator
D Number of changes
in HF Amplitude

A 1

B 1

C 1

D 1

E 2

F 4

G 0

H 1

I 4

J 8

Table 4. 3 Overall rating of physical condition modulation and number of HF spikes in

HR[beats/min]
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HF component amplitude for experimental collaborators

D Evaluation Value | Number of changes
of Questionaire | in HF Amoplitude

A 0 |

B 0 1

C 0 1

D 0 |

E 0 2

F 5 4

G 0 0

H 0 1

I 5 4

) 1 8
L9
= 8 o eA B oC oD eF
-
o 7 F eG eH o] e]
o6
o <
5 E5
£ 54 .
« g
©<£3
B 2
g ] e
=
Z (0 e

1 2 3 4 5 6

Evaluation Value of Questionaire

Fig.4. 11 Relationship between the overall rating of physical condition modulation and

the number of HF spikes in HF component amplitude
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Table 4. 4 Results of questionnaire on subjective initial symptoms of heat stroke among

collaborators in the experiment under high temperature and high humidity

™ Vitigo Spasm Headache Nausea Listlessness Low concentration
wi[m[wlre[wi[n[wr[wi[ln[w[r[wi[n[w[r[wi[an|[w[r|wi|[rn]wm|[r
o | oo o 0] oo ool ofloflololololololololo|1]0o]o
o ool ol o] o]0 0o oo fo ool ool ol v 1ol o1 ][0
M| 0| 2 - o] a 0o | o 0 | o oo | - -1 ]2

Table 4. S Results of questionnaire on subjective initial symptoms of heat stroke among

collaborators in the room temperature environment experiment

o V:;l 1:): 'iﬁg:\(;z 1:)2 \\(;1 [ l:jfprl::;z [ ra \Zl ﬁfada;:: 1;2 \:\l;l {:‘ﬂm‘% 1;2 \\(;1 |L1i1:1tle|w:§s| 1;2 v;lL Dwsrﬂcei}aliouf
50 S 180
7 mp. ||
—Heart Rate 165
401 1150
\ h 1355
g | / =
< f 1105 5
O
T 20} 90 =,
2
175 T
10 160
145
L)
0 ‘ ‘ | ‘ 30
0:00 0:30 1:00 1:30 2:00 2:30
Time

Fig.4. 12 Results of analysis of electrocardiographic data of experimental collaborator K

in a hot and humid environment
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Fig.4. 13 Results of analysis of electrocardiographic data of experimental collaborator L

in a hot and humid environment
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Fig.4. 14 Results of analysis of electrocardiographic data of experimental collaborator

M in a hot and humid environment

SHERFPRTER TR



a4 EBRERAUESE 38

Table 4. 6 Number of HF spikes in the amplitude of the HF component that could be

detected by the collaborator in the experiment under high temperature and high humidity

conditions
— Number of changes
in HF Amoplitude
K 4
L 0
1
50 HFA 180
— mp.
- Heart Rate| 165
40 - 1150
1135 ¢
230 120 £
% Nh« WM‘ ‘ 1105 &
=200 (Y Hw T | 90 =
ot ! i =
\ ! u“lt 75 T
10 - 160
45
0 ‘ ‘ ‘ ‘ 30
0:00 0:30 1:00 1:30 2:00

Time
Fig.4. 15 Results of analysis of electrocardiographic data of experimental collaborator K

under room temperature environment
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Fig.4. 16 Results of analysis of electrocardiographic data of experimental collaborator L

under room temperature environment
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Fig.4. 17 Results of analysis of electrocardiographic data of experimental collaborator

M under room temperature environment
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Table 4. 7 Number of HF spikes in the amplitude of the HF component that could be

detected by the collaborator in the experiment under room temperature conditions

— Number of changes
in HF Amoplitude
0
L 0
0
40 ‘ 180
— Tympanic Temp.
39 ——Heart Rate 1165

038
50—
537 1135
g

S | n\‘ \ﬂ iy | e E
ey
i 34+ L l y
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Fig4.18 Tympanic membrane temperature and heart rate of experimental collaborator

M who developed heat stroke
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