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Influences of a hot environment on physiological and psychological

functions of firefighters engaged in firefighting activity
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W REORTEL TH I 200 EREREEI L0, EF0ATELZBELL 3 @ED
REEEM (35°C, 307C, 26°C ; BE 0% TC, HAEDHBEXBRET . TORBTIR, ¥
KRIFESERLAFESLABHEHEPEA 1640, BREET LT A4 040 o FREN K SRR
KRTEEAER L OFEBENRE BENBE AT Li-, FFERE(EAR : 3300 K LB T
BETORYEEBTRIT, 5CORMEFT TR20.045& 2.5 ke/h, 30CT26.6 5% 2.0ke/h
Tl 25CTHR, HEREEBREO 40 0BES A TEHEAEN 38.5°C, BFEM 1.7 ke/h
THolo., Borg R4—® RPE CEBREICIZEEEMHCLAZAEZ (p<0.05) BB DL L.
i, MEIELFRERREAER (p€0.001) EMEEZTLE. 30CH EORET TR
KIFEBETIOBESIE, SROREL, SESHBECRAKCHRBEED MR EHLE I LRMETH
HEFLZohD.

F—U—F A, HRE, BITR EEMNEDMHE, RBEH

To investigate methods of preventing heat disorders among firefighters, experiments that simulated
firefighting activily were performed under normal ambient condifions in summer (35°C, 30°C, 25°C; 70%
relative humidity, respectively). In these experiments, 16 male firefighters pedaled a bicycle ergometer
wearing firefighting cquipment, and the physiological responses and subjective sensations were measured.
At 35°C, the interval until the inner ear temperature ¢levated to 39°C was 20.0 minutes and the sweat
production rate was 2.5 kg/h. At 30°C, these values were 26.6 minutes and 2.0kg/h, respectively. However,
at 25°C, the inner ear temperature had elevated to only 38 5°C after 40 minutes (the end point of the
experiment) and the sweat production rate was 1.7 kg/h. RPE of the Borg scale and thermal sensation
peints differed significantly (p<0.05) among the three environmental conditions. Both values correlated
with inner ear temperatures (p<0.001, respectively). When firefighting activifies are performed in an
environment over 30°C, reexamination of clothes, measures such as body cooling, fluid intake, or activity

breaks should be considered.
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Pk e A e LI HAEENT, AR OHE
195~206 ¥1/4y (Bamnard e al., 1975; Sothmann et
al, 1992) OELWESHTHD & & LI, 2000C
ICETAEERE T CHLIGEITS (Baker ef ol
2000; Rossi, 2003) Z L6, L BEEDR
HE R IS T S0P (Duncan er al, 1979;
Skoldstrdm, 1987; Faff et al., 1989; BFA &, 1984;
FLEH, 1992) MMThRTVD.

BHogEgt, freT7r -7 E0BYN
URE A AR S AR C T &
Ik, KRRFCRETIREIEIL, ==
—3—7 T, 1994 F #8425 Ao EBs
LM AEE T A E (Prezant er al, 1999) L
=, FoOid, WEMEICENIFAREZEA
(National fire protection association, 20000 L, 8
s B O AkED 85%Hid Lic (Prezant et al,
1999) 73, M ATEENEORMFAENBEE S ok
(Prezant et al., 2000) . BNIZI VT HIFHIZ[H
< LT, MEEICEh 7z p5 M E A (European
Standard EN469, 1995) &du, [RROBERED 34
Lic. BACCH, 1999 fRICFICRHEE £ T D iAde
TE TP R AR 18011613 2EIE  (FHET
BF4ERT, 2004) Sdt7zZ &b, DLIEATEBEA
BRI L D B ORIRC T#ME I BT 1SO Btk
BEOBKIRFEAN L. FORE, HAER
FTiE, BT - MRICKWT, RIEICESS
thaiZ{FEELE (UEL, 2003). X7, #FP
FEAZ L D AT OEBBRE ST T S EH L3
ELTWD FERBE==—2, 2007).

BB OBHUER R L LT, BT, B
KROWE (Smith er al., 1998; Ftaiti et al., 2001;
Rossi, 2003; McLellan e al., 2004; Havenith ef al,
2004; Holmér et al, 2006) S IHE (Carter ef
al., 1999; Selkirk e al., 2004a) (B33 SHIESIT
bhTws, ENTL, HEEHEEF— L1
BaERLE Ly v—708 kg R GERE
e, 2004), e (20024, 200b) IZXSHE
#E, 5 (2003, 2005) (X B ERERENH
FEHRTLATODE, FEIIREBRIATHS,

BB OB PREREK & L TITbh AR
FISCBET 2878, BiEOkRELEEEOHN
SEEFRELEBRERCRNERS. "ARO

SR

KEBTEDLZTIHKED L I=b—a
BT, 10~17 HOFEH THEBBRE 04
HHAE W Malley er al, 1999; Smith er al.,
1997-2005; Carter et al., 1999) & Eh T A,
EEOAKBICE T 5458 Tid, McLellan and
Selkirk (2004b, 2006) & WTH & (2000) @ 22D
WrEA RS, mEFRICE T DR BRI
EAREREBENELS, BRBE FOMIEEAIZ,
AR - R - ol - AR - EERE R SR R
BRIZEVERD. $k, H#Ro L 2R
RIEEREEE LZHOORBBHET— IR
TaTchirEFENLTNS (B, 2004).

KIERe A F 2Tk, MEBRE OBATRE 0
fedic, BRBICIRE - S8R 5 2 50 EESR
=k (Carter et al, 1999; Smith er al, 2001;
McLellan et al, 2006; Baker et al, 2000),
International Association of Fire Fighters (TAFF) T
b ONHEEFTD TS (IAFE 2008). LasL,
BB B BRI DR v FE i
EWT, XEOE QAT CHAERTOK
B - AEIRFE LTV e (Diekinson, 2003) D
DHERELHEEENDS. HATLRECENTH
D

FIC, ARG, FERETICBITLHE
KEBHOEBOBYEELTLT L EEER &
B/BoLdIC, AERDEORIHKEE D OHEN
BkEOLEHEBCRETRELTML, RN
RAEERET BETHSILEERNE LE
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2-1. #RE

BRI, ERoTRICHERLAALEE S H
W AR OHEL GEFSRER) 16 4% 84T D
AB®O2BEISTTE
22, BERE

ZEERET, ALRES (TA~<y 73, TBR-
3HAOPC) #fEH LTRRE L.

BAEIRKIE 25.5CU B bRE (S,
1992) LT3, 2000 4E4 5 2004 £ S TR H
RIEE 35.9C(R&ST, SEEHFEH cho b
b, BELMFZ 25C 30T - 35CH 3 £ 1
7. E7z, FHE 7-8 A OFHHEIHEE R 76.2%
(S&T, HrtlEH) THBEZ Lhb, AEE
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F{EII T 70% & Lis.

AR 35CLE 25CTO 2 514, BEFAINTO1
SibE L, ABOZERAERIT 1 BRI LS L.
2.3, HIE

AR T RFET THE A BER T
DOFIORETHD ERRI, EHREEOiEE
(M 5, 1999; A F5H, 1999; SCERIII S, 2006)
L0, &< OWKIFE OB ER R THE
Jii (Dickinson et al., 2003; Clark et af., 1998; Ftaiti
et al, 2001) S TW5. £ZT, FARKEX
{Ri|sE (FAett, M20) BEHALTCHRESRS
SEHE LR, BERIED 3RTCIELEL
MRiELEBRE LT 1 omostilé L. BN
BOHRCRE, Fo—7 S S Rc@ e
TRETL2MPVHAAINTOVWLZ EEEESL
ol Filz, 2 BOREEC#EEDR 0.1TCUA
I CHRVIELFRIL, LvAaEEz=LE
HEEMEE L, R, s —0EdH
(GMS 4, AC30D) #MWT4 RR MREHEIE
L, Bt 7 & (BREF FF 2 ML, TARAWA)
IZE Y 1 EOMEF RO ASHRE OEER,
{EHARLFT (BIOSPACE ft, Indody3.2) # Tl
E (EHREE:0.1%, AEER: 100g) L, T
HiEEBRMEOFEEHOEH L. A
FEIRIT, 20mI vy PATAC LD HEEEE
HiE -7 (CCBFSE, 1999). EEANK TE
@ Wet-Bulb Globe Temperature (WBGT) % S#
WA (AR LY, WBGT-113) (L vl
L,

24, M ADBAFT a—

EBIL, 20004E7H6 AL T7THISA® 18
e 6 20 0 30 SYORICERE L. #iEEEs
B2 ITHECETHhLERICBNLE, 20
H A DAY a—% Figl T, #EBRED,
193m e BCIERELT-ZENT, BEXARY - B#
ORBEIREFLE LIRET 5 aFLHICLE.
T O, FREARFICHRESRLEATEEESC
AE LPIANRET « ZBRERE « ~ Ay ko

0 5 15

17

FROBEAEDERLEZESL, AZ 1008
B AR S LTHER DL T A =27
P Em A ER LT

B REZAITA—FX, EAL (2008 °
Bamnard ef al. (1973) D&% mic LT FHER
BT 30 k Lz, HEEEOAAE L
TATR MKW O HERET AT A —F AT )
JEE 2 ], HEREETOERSAFL T2
SRR E Uk, RESRBFERORLEL
WEBIEE L U TAME 140KW 4 3 &[], £0
BOFBEA L LTAEMFE 110KW % 12 453/8%
Ui, DI, EBRET ORI 3 oM e E®H
B II0KW @ HEET L= A — 54 o i
12 4@y L ER U,

EERIE T I H PR 39.0°CIE L7z, Xiz—
BETOREARTIHABHEZ THI6HTH
D (FLERHHEYR, 2006) Z L5, ERLTRE
M#E 404 E Lo, EL, HRELELOBRRE
BUERHIE OGS CERERT L.
2-5. BEMAR

B HEERE T 6~20 iz 15 Kk L=
Borg A4r—/-(Borg, 1970) @ RPE (7:3E & 2%
THD, 9PRVETHL, 1BTHD, 139
XD, 15:F 00, 172720 200, 193FEE
iIC& W) %, IREUEHE TII Hensel (1981) DR
BB S 1~21 CHiSELEb O 2FFFICE
VY, duAsiE D 38, 638, §RRRRTEWY, 10T
B U, 122N, 4Hhin, 16
HoW, 183720 How, 20:3EFIChHOW) &
AL, EHMAMNE S 48 G 5 SmcillE
e
2-6. #at

FEHARYT (X EREYT ) 7 b (SPSS for windows
1200) ZEHLT, 27 Y2 ERET 2O
Bt e — i E LB O EKE % TE
L7, 77— i EE (EHERTE, min-max)
TRLE.

Experiment

rest preparation

| Test |

0

Fig.1. Time course of the experiment,

BE: Bicycle ergometer.
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2-7. fEEREE

S il R CERFEPRBEN, ERE{T-
. HHREFCRFEROBERDFL, METLH
Pk TEL-LEEL, BECETETS—
FERBEEICEELTLE ST,

AW, & FERETLHEEFREOME
FAITH L~ EFEICl- TiTbiviz.

3. B8

3-1. #EEREORE

R A DY 216 (0.9) B, B BEESS 220
(0.8) &, BET AR 1725 (1.4) cm, BEEDS
170.8 (1.4) cm, fREIX AREDS65.6 (2.2) ke, B
BE2365.0 (1.8) ke, BMI ik A BEAS 22,1 (0.7) ke
/m, B REW 223 (0.5) ke/m, (RHSAAZRIL A B
7383 (22) %, BEA 107 (0.7) %, HEEHKA
B RIERE T A B8 49.0 (1.7) mike/4y, B EER
51.2 (1.2) mlke/53THY, “hb2HRCHE
EiX oz,
3-2. WBGT

EBKTED WBGT 1L, &R 35COREASM
TT31.5C, KA 30CT27.8C, [IA25CTIT

235CThoT.
33. HWR
&4
o F (€ 35°C 30‘C
[8) ()
r;—t L l(‘) 3 C
E (8 f @ ) (Ig].i‘
HEL f ® _ g
& (8 & lth ‘X’
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Fig.2. Changes in inner ear temperature from rest at
25C(®), 30°T(A) and 35C(O) with 70 %
relative humidity.

Values are means (+SE). () number of
examinees.

1XH

HERNROEFRIIZE{L % Fig2 (2mT. 35°CoiR
M T TR, WBRE | AP EEATRELG 1545
BIZEAORR L 22O ERER 386Co
FraTHEBRERT L. 20 1| £2KBEHFEE
B (HME ; 39.0C) (2Z LRz, THT
20.0 (0.9, 15-23) #rCHhotz. KR 0CTIE,
E2TOHERETPITFRE LR TIRATERE
HTLTEY, TORMILEST 266 (2.5, 15-
36) rCh ol

iR 25C TR, BTOMBRENER LEREFRE
D4 TERERT L, TOBOEHHERIRE
38.5 (0.1,37.9-388) CTh-l. £, EEHE
TiBALG A B OFRIGE L BEREICE 3 &£4& b
EEAEOHEE (P<0.001) 23EDHNTE.

3-4. D

HEENA R b ERK 7 comEElR
# Fig3 127, RAROMEOEN L, KIE 35T
OEBSEFETIS 179.9 (2.8, 170- 189) /47, KB
30°CH 174.5 (3.6, 159- 186) #1/4y, KR 25CT
FL170.4 (3.4, 159-185) #1143 Tho iz,

BARGE ERiHeR AR 2 L5,
EBERESBENO 3 SEAREEMETO 195
oo A T B 2, 35T 156.9 (3.6,
143-167) Fa/4y, &R 30°CH 151.1 (4.1, 128-162)
/4y, KR 25T 141.8 (3.3, 128-154) fo T
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Fig.3. Changes in heart rate from rest at 25°C(@®), 30°C
(A) and 35°C(O) with 70 % relative humidity.
Values are means (+SE}.
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Hol. TOFRETRASECLIEEREL
TfER, 40tk e 10 pHRUEBICAEZE (P<0.03)
FRD Bk,

3-5. BHL&

BIF®EIL, BP5COERBEKETT 810 (67,
600-1,200) g, 30°C T 860 (65, 600-1,200) g, 25°C
T 1,130 {65, 900-1,400) g T~ 7. Tablel 2
BERCGREMY ) BT L BTFREE2AT.
FEBEIELEBOREYS Y ORITER,
35CH 1.2%, 30CH 13%Thotk. =i, B
MY 0B TREIBARGICLISAEES
(P<0.05) H3EW Lz,

Table 1.  Sweat production rate.
35T 30°C 25C

Sweat/weight (%) 12 1.3 17
(009 (009  (0.1D)
Sweavhour (ke/h)* 2.5 2.0 1.7

©24)  (022) (0.10)
Values are means (=SE), *: P<0.05.

3-6. RPE &iE#%

RPE SRFBREOE(LF Table 2 0”3, RPE
ILEEIRES 15 5o b, REVETE LR S
Srigind, BRARBICIZATLHEDBRE.
3-7. HEWNIRE RPE

HWNiR & RPE OBEFHEZ Figd (ond. HNE
& RPE I, RIREFGLLHERFEOEE
(35°C: P<0.001, 30°C:P<0.01, 257C: P<0.001) #H
FEHoi, 2R CHLHERTOERE (P<0.001)
R Bz E, MBI 30CHHFIEE
WETHEEC RPE & HIIT 5L 182 (M7
&, TI9SEEICE -0 O OE) Tho
7.

20 Ho35C A A
A 30T = [oo's]
18 He25C oo:g
° ® wal M A
m A O 0
16 F R
& e et
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Tnner ear temperature (C)

Fig.4. Relationship between inner eat temperature and
rating of perceived exertion (RPE).
Details of RPE are shown in text.
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Fig.5. Relationship between inner ear temperature
and thermal sensation.
Details of thermal sensation are shown in text.

Table 2. Changes in rating of perceived exertion (RPE) and Thermal sensation.

RPE Thermal sensation
Group 5°C 30T 25°C 35°C 30°C 25°C
5 min 14.1 144 129 NS 16.8 16.3 14.5 p<0.05

(0.69) (0.46) (0.30) (0.37) (0.16) (0.76)

10 min 15.9 155 13.9 NS 18.8 17.5 158 p<0.001
(0.69) (0.65) (0.35) (0.41)  (0.46) (0.56)

15 min 184 170 154  p<001 194 189 170 p<0.01
(0.32) (0.82) (0.32) {0.32) (0.61) 0.27)

20 min 19.0 17.1 155 p<001 19.7 189 17.0 p<001

026)  (1.03)  (0.38)

033)  (063)  (042)

Values are means (=SE). NS: not significant.
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3-8. HWNIE & BRI

37EERIE, BNRSRBWEREOMBEBE Figs
oRY. FRELRERERRR SEEEELD
AHERTEOMHEBE (35C: P<0.001, 30°C: P<0.001,
257C: P<0.001) BEH L, BETEHERLED
HEE (P<0.001) Aoz, £k, ZOFEES
RN LHREECELERORBBELEN T
5L 196 (RR03EFICHOVITHEVE) Tho
Yot

4. EE

AR, 2ERETCBYAHEAEHTO
BROBAEE T4 0 0ERER &S
iz, AREREEICRIETERARINEH
RHEEOELEFMT 2L ThD.

VRS 40CHE A D &, BAPIEIC X VT
T3 5 EMmEAFEAET D (National Institute for
Occupational Safety and Health (NIOSH), 1986). &
ERIRIR OFFFEIRE 2 LT, WHO 1L 38.0CRA T %
HELTEY, BRTH 390CELTNA.
United States Army Research Institute for
Environmental Medicine (% 39.0C&#E 2 /2 8
I 38.5°C (NIOSH, 1986) & LTWAIZ kb,
ERFRCIEREEOEEL LCHh LA TY
LEMRGOCEDTRREL L.

TFARRECET SREHIIZ, 35C (WBGT:
31.5°C) @RBEMET C 200 %, 30C (WBGT:
27.8°C) T 266 A THh -T2, 25C (WBGT:
23.5C) Tk, Bk RIREEE O 40 SrREERE T
TEHHEMIER 385CTHote. ZORKEM, H
[HE (20000 OREELFERRTH - 255, McLellan
and Selkirk (2004b, 2006} L ¥ HEFFH ThH o /2.
VHBETTBIOA MR, SR - IEEPE - (K -
Elmd - BB YRe REROREL I3,
WA rEEN T, TEENEE G 5 53 RA% 92.6 I TN 93.6%
heart rate reserve DEH (A5, 2008) THS.
AFEREOEDAAE, Sl 35T Th R EE
251799 (2.8, 170-189) B THLHZ Ehh, FE
BoMKEHLERL TRV ESHATR LTS
Z 724>, MeLellan and Selkirk (2004b, 2006) 7%
&vhE, EEAMC LY LRERIEL VWS
28, EEIRAA 30 A& T LRI OBEEDN 150 1/
GUTFER2THND, EhOHE ERFRIE

SR

I HEIE LS OENE, KEREDEHAFO
HEQEVWFEEREZZ6NS.

EHHORBEEENLBEICEALEELEL
T, Pandolfet al. (1975) %, KiR 1°Co0 ERI=sxt
LTLHEIE 2~ ERT 5 EHBELTWAED,
B Fid % A5 38 LV VEHBS BB T 4 (6l 2 BE O 0 A8
B RSV (W

EEBRORTRICOWTIE, ENFMHORRE
i 2,500~3,000 g/hr (B 5, 2001) 2S5 5
RGHRAB RN R, (KED 2%L EOE KT
BHLhlhal.

RPE LRBABEOBHEMBRE T, BALHE
L EZHEEE (P<0.05) BE» L. RPEIT,
EEEOLHE (Borg e o, 2006), EEER

{Nybo er al, 2001), ‘FEfEiE (Riebe e al.,
1997) LEOHEBERHEE, BEEHITELHE
B EOMBE WFEG, 2007) AEINTHSD.
I s OEEEAERECBIT DEEERECE
Plie & b IEOAE2MEBEAH Y, HEBEREDE
B ESEEE L CEAEEEZ bNA.

HATEERY, BRARPIERZE 2o T

BEZLb, BBARESELCRBTHRETS
EREEEIRE 10 S 05~06C EH T3
(Holmér et al., 2006; Carler et al., 1999; Eglin et al.,
2004). AR L5, EEI AT —~v 2 AOET
(Gonzdlez, et al., 1999; ITHE, 20035) , RO
Jn (Rossi, 2003; FEF &, 2003) & 6765130
0Dy, BUET - TR - Ao - DEREE
ZiH < (Selkirk ef al., 2004a; Fogarty et al., 2004) .
fEoT, HAFRBTEARORETERTS Z
LIk, FESRORTORRETHBSOERIC
LB,

BEEE T OMATGENT, HEHBRR O Lo
FRICH T HERRIWI Lnb, BEFBIICH
LEBERTORICE, BARAICEET 3B
JRO RE L (Malley et al, 1999; Prezant et al.,
2000; McLellan et al., 2006) , WAIFIDEFEE, 0.2%
B Sy &Stk sy O BB ZER (A AER
LS 2008), (REUHOMAENISH McLellan e
al, 2006) FHOMEPUETHS.
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