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Study on the Maximum Tolerance of the Working time under the
High Temperature Conditioning Environment
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Table 1. Maximum working time under high temperatures (R.M.R. 4)
Exp. Name Age Group Exp. Name Age Group
No. No. 40°C GP.
cont. GP.| 33°C GP. 35°C GP. |37°C GP.
min min| min min| min
1 W O 9| 23 27 25 19 17 9 | & O A 22 12
2 1 O . 2 25 22 16 15 10 |ol & O} 19 14
3 d O 9! 24 28 26 21 19 11 (= O 71} 23 9
4 3 & O 23 22 20 15 16 12 {£ € O 25 15
5 4 F O 23 24 21 16 15 13 3 O | 20 7
6 ol O F| 22 26 23 18 18 14 | % O 23 12
7 e ¥ O 25 25 22 15 13 15 |13 O | 21 8
8 of A O 23 29 26 17 18 16 |11 A3 O| 24 10
Average 27.5 23.1 17.1 16.4 Average 10.9
* S.D. 2.25 2.29 2.10 1.99 S.D. 2.83
** P. 0.01>P>0.001{0.01>P>0.001 <0.001 P. <0.001

* § D.: Standard Deviation ** p: Probability
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Fig. 1. Average maximum working time under high
temperatures (R.M.R. 4)

25.7 77, 33°C A2 23.1747, 35°C #-2 17.1%, 37°C#
2 1644 40°CHte]l QlolA = 11445024 BUBEE
EFel ael WMol Wikz #ikEslz ek, 35°C
) 37°C gfell oM E £% 1715 2 1645024
2 =7 e 37°CH#st 40°C # 2 33°C gt 35°C
B oAole] 2E &4 54 o 64524 ffEH L
FS fHolv). Y Biiiet & o, =% HiEtm
o2 FHIYE £T volm g

2. EERBEEMA (F3RM AR

R B fENEM IR B E R B
FB2E, F2Ee ).

Bp 33°C #tell AolA = 1B, 28R, 3ER MBS
TEEM RS £4 20.6 5 18.6 0 15.5 o2 Bk
Fiigel WpwsRIel 23.1 Goll A &% 254 455
7.6 04 £ o HEIREEREC Ao it

Table 2.

.
45

TIsE FolAl: e 2olx k. 35°CEel 3
oy A= 1W:R, 2MERY, 3R] BERY £% 3745 75
%, 8.2% MR HfEE o 2 KREe 3R
# Atolol= 0.77r9 EAR 27} Sl KE 1R$MI%L
st 2R Aol 3.8 0024 Evb Ak TE
MY 4ifEsl e BEE 33°C ol el ad. 37°C ffdl
ol 1%, 2m5ME ol &% 7.17F, 8.6
G W] HEE ol o] 1 Rk st 2REMIEE Aol
of K7} olo] MFEE 35°C BEel 2mmE 2 3MRI
RFEmet STisteh. 40°C #roll ol A& 1 BERTHE, 28
%ol AIH K% 524, 6840024 37°Caiuct
sEMEESY A ool 33°C #fell glol 1 BRI BREE S
2 BT Aleole v #iitez EHoM e 0.3>
P>0.2) o} #fol Yol 2F Hitmel BHS 2
o}

Time
in min
251
| \ 330G op
T e 35°C 6.p
~— 37°C G.P
5t T~40°c 6.p
Ihr 2hr 3hr Exposed

hours

Fig. 2. Maximum working time of subjects exposed
to high temperature.

Maximun Working time of subjects exposd to high temperature.

| ———Exp.GP. 33°C GP. 35°C GP. 37°C GP. L&p»GP. ’ 40°C GP.
Exposed hours ~ Exposed hours
1hr| 2hr 3hr | 1hr| 2hr 3hr {1hr| 2hr — 1hr| 2hr
Exp. No. — ‘ Exp. No. ™.
1 23 21 17 15 10 9 10 8 9 7 3
2 20 18 15 12 9 10 9 7 10 9 14
3 23 22 19 16 12 10 11 7 11 6 2
4 16 14 12 11 7 7 8 6 12 8 4
5 19 17 14 11 8 7 7 - 13 5 2
6 22 20 17 14 10, 9 10| 8 14 8| 3
7 18 15 12 12 10 10 9 — 15 5 2
8 24 22 18 16 11 9 11 8 16 7 3
Average 20.6 18.6 15.51 13.4 9.6 8.9 9.4 7.3 Average 6.9 4.1
S.D 2.82 3.11 2.67 2.13 1.59 1.25] 1.42 0.76f S.D 1.45 3.77
P 0.3> 0.01> 0.01> 0.01> P 0.01>
P>0.2| P>0.02 P>0.001{<0.001 P>0.001 1P>0.001
— 3 — 57
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Fig. 3. Changes in pulse rate. Fig. 4.Changes in oxygen consumtion.
Table 3. Changes in pulse rate
NEnog o i o ERGE T T
Exposed \| 33°C  GP. 35 C GP. 37°C GP. \\Exposea\ 40°C GP.
hours - ~._hours \—m-—
Exp. No. > 1hr 2hr Shr 1 hrml 2hr Shr 1hr 2hr Exp. No\.\ 1hr 2hr
% % % % % % % %o % %
1 +8.2 +7.1 +7.31 +21.30 --22.4 +29.3] -+35.20 +43.2 9 +42.0 +46.0
2 -+8.2 +6.8 +6.7] +22.20 +20.2 +26.2] +37.3 -+44.8 10 +38.0 +40.0
3 +6.7 +6.3 +6.6, +19.6; --18.4] -+22.4 +32.3] +41.7 11 +51.0 +52.0
4 12 +40.0) +45.0
5 +8.8 +7.2 +7.4 +25.8] -+26.3 -+27.2) -+40.0 13 -+56:0, +-58.0
6 +8.5 +7.4 +7.00 +23.4 +224| 4265 +34.2 -+43.2 14 +44.0 +46.0
7 +8.8 -+8.0 +8.2 +21.20 +19.4] +426.4] —+36.4 15 +54.00 +58.4
8 +5.2 +5.5 +5.20 +18.20 +11.0f -+21.2] +32.6 —+39.0 16 +46.0 -+48.0
Average +7.95 -+6.88] --6.91| +21.65 +20.7| +25.45 +34.50 +42.58! Average +46.37) +48.75
S.D 1.58 0.82 0.92 2.47 3.33 2.82 2.90 2.32 S.D 6.59 5.81
0.1>P [0.1>P 0.02>P i0.5>P
P >0z >02 NS ‘ >0.05 <oooy P | >04
568 — 4 —
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Table 4. Changes in oxygen consum plon & R.M.R.
- Exp. Group 33°C GP. % C GP. | 37°C GP.
Exposed\ _— T - A —
hours l\ 1hr ] 2 ohr ‘ 3hr 1he | 2hr 3hr | 1 hr 2hr
or. e P - I DO JE .
RMR. 176, RIM. ‘R M|70; RM{ 0; RM. O RM! 0 RM|_ IR M, 0; R.M.
Exp. No. "7 -- Cong_'__R Cons Cons.| R A(;ons i R Lons I R iCons. R ,Cﬂi [Com . R
% % % % o,
1 1158 50 1147, 494168 4.2 20, 2‘ 52 5 191 16/--17.9 44‘ +25.6 5.4‘ +-26. 5] 5.3
2 +14.2 48 +143 48 +17.3] 4.4/ +183 49 +181 44 +164 4.33 1246/ 56 243 5.1
3 +107] 42{+11.2) 4.4/ +154) 45 +157 43/ F145 42 1143 43/ +213 48 +222 49
4 +17.4) 5.4/ +16.8 47/ +17.6 43| +19.6 3. 3174 48 172 45 +278 5.4§ =
5 +162| 4.8/ +16.6 4.8 1164 46 --19.8 )6‘ +199 46 +183 42 4266/ 51 -~ -
i H i {
6 145 46 +151] 47158 471182 48 <173 47 172 1.8 +22.4 49] +24.2, 45
7 +163 51,--167 5.6 +186 51 +223 5.2 +20.1, 49 +18.2 47 +268 56 G-
8 + 82 42+ 94/ 45 +10.3) 48 +124 48 +142 45‘ L1400 44042140 51 | +223 5.2
+ I+ + + i+ I+ +
Average 12.85 4.76) 14.35, 4.8 16.03 4.58 1831 5.0 17 58 4.59] 16. 68| 44;; 24. 56[ 5.24) 23.91] 5.0
S.D 3700 042 272 0.36] 253 o.z>9 3.050 04 225 0.23 169| 021[ 2.56 0315 1770 0.32
0.4 % » 0.2
0.1<P 0.1<<P| B3 : | N I 0.2<P \ o 2
P Zoa NSV o B ! ll .S NS<031\..,: NS!NS P
- | 0.3 o = 03
Q3 RMR & 5.0, 4.59, 4.45 &4 WegHRe] TR i) Amm2l XK
o weba] mFTHE ol RMR & Hbel fiifg = ST JUBRS SR O 5 &Y w5
ela glele zlo] 33°C el &) chze} MEfiIEEhS) A
e 35°C gl el B Eeh 37°C fgel glolA 33°C grel A& K WK 2 Ml g1l o

DigR] R 2R ddsell ol A MERHHEN S 24.56%, 35°C ol ‘1101*151 whAb bR 2 2 ErE ol 37°C
23.97% Mhms=le] 9lew RMRE #% 524, 5202 ol glod A= 1§ 0.3°C, 2 Wihi el 0.5°C 51

2A MERMERS HHT Hinel Hiig Relx o RE Holi gleowm 40°C Holl QoI 1 FeiHitkol 0.7
= RMR = 33°C fife]vt 35°C ol thald Hmed & C2isr 1'6°C 24 S &Y GBWRES 1AE vy
RE 2ol vk & @l ol WiHAMRIMIZ X % F3 gleh. 33°C ol ol A= WEETSRIN (T E
HiEfEare] ¥t 9 RMR o] #bhiel 2 #Hilme o Arb wateher gk elen 35°C, 37°C, 40°C

= R de HERE el gk ol A e K#& = & FH7F 2ok
Table 5. Changes in rectal temperature. (°C)
< Exp. - T T T Exp T
G\P 33°C GP. 35°C GP. | 37C GP. g\@.! 40°C GP.
Exp) Exp- i ; ] g T e Exp"'i’”’ T
No. thours] © {lhriZ ]3hr 0 Jilhr 2hri3hr§ 0 '1hr§2hr5No. he.| O {1hr 2hr]‘3hr
1 37.00 37.1 37.1 33.2i 369 371 373 373 37 o| 3.2 375 9 | 369 37.7] 385
2 36.8 369 368 37.0) 369 37.0 37.2 37.3 369 37.3 37.7 10 | 37.1) 37.7 38.6
3 37.1) 37.2) 37.2 371 372 373 37.3 3.4 37, 1{ 37.2 374 11 | 369 37.8 388
4 | 2 | 36.8 37.5 385
! i i ! P |
5 36.9 369 37.0, 37.2 37.0. 37.1 37.4 37.6 37.1 37.4 13 | 37.0, 37.7 386
6 37.1 371 37.2 37 2i 372 37.2 373 37.4 37.2 37.4 3.6 14 36.8 37.7 385
7 36.8 36.8 369 36.9 3700 371 37.3 376 3000373 | 15 | 36.9 37.4 384
8 3720 372 373 3. 3~ 37 371 37.2) 371 37.0[37.2 374 16 | 371 37.7 38.7)
Average | 369 37.0) 37.1 37.1} 37.1 37| 373 37.4' 37.0] 37.3 37. 5 Average | 36.9] 37.6 38.5i
\
S.D 0.19| 0.16] 0.18 0.14/ 0.14 0.02| 0.02 0.7 070! 009[ 013 SD i 0.12) 0.14 0.13
p 0.3(p<}0.3¢p0.22p) NS [0:01°P0.01 p K 1P Kol
P4 0.5 005 > 50.001]0.001) co 001{0 001 | |0-001]0.001
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Fig. 5. Changes in rectal temperature.
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Fig. 6. Changes in Sweating rate.

33°C #¥oll o} A= 3w pEEse e Bt io] 225 cc/
Mz/hr o ovf 35°C gloj A= 1 WeR, 2 Wefdl, 3 WM, %
PRB /% 225cc/M2/hr 340 cc/M2/hr 567 cc/M2/hr &
A 3 EGHIEES Y] BTHES 33°C o =alo) Hdl 251%
o BT Ee] #insle] el SR SRR B
el #be Ex Hitthez BRE7E 2
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HEF fuiER Nafsl Kg&e #tE & R 2
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Fig. 7. Changes in blood Na Concentration
o/c;
j00F ——33°C GP
""" 35°C G.P
— = 37°C G.P
%05 thr  2hr 3hr Exposed

hou+
Fig. 8. Changes in plasma water

Table 6. Changes in sweating rate(cc/m2/hr)
ey 33°C GP. 35°C  GP. 37°C GP.
o Phours 18 2 hr 3 hr 1 br 2 hr 3 hr the | 2hr
\__Dours,
1 83.3 138.9 250.0 250.0 361.1 527.8 305.6! 722.2
2 111.1 138.9 222.2 222.2 333.3 472.2 250.0 527.8
3 111.1 166.8 222.2 194.4 484.4 638.9 333.3 777.8
4 83.3 111.1 194.4 222.2 305.6! 444.4 222.2
5 111.1 83.3 166.8 194.4 277.3 527.8 222.2
6 111.1 111.1 250.0 222.2 361.1 666.7 277.8 666.7
7 83.3 111.1 222.2 250.0 305.6] 611.1 194.4
8 138.9 166.7 227.8 250.0! 333.3 722.2 361.1 833.3
Average 104.10 128.45 406.25 225.69 340.27 576.38 270.83] 705.55
S.D. 19.61 29.41 34.62 23.20 50.89 98.25| 58.92 117.16
P 0.01<p<<0.05 <0.001 <0.001 <0.001 <0.001
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Table 7. Changes in blood Na concentration.
| ~-Exp. group 33°C GP. 35°C GP. 37°C GP.
‘\Exposed hours -
Exp No. ———_| 0 ‘ Lhr } 2hr ' 3hr 0 I Lhr l 2hr ’ 3hr 0 ! 1hr * 2hr
1 146 148 143 144 147 145 145 146 146 143 142
2 148 146 142 140 149 148 147 148 149 146 143
3 151 152 151 149 148 150 148 143 147 145 144
4 152 151 148 146 150 147 145 146, 151 150 —
5 142 143 145 147 154 151 146 147 153 151 —
5 158 152 151 150 150 151 151 150, 149 142 142
7 151 150 142 143 150 152 151 152 151 156 —
8 147 142 142 144 148 147 148 147 149 152 150
Average 149.4)  148.0) 145.5| 1454 149.5 149.1] 147.6] 147.4] 149.4] 148.1 1442
S. D 478  3.96) 3.96  3.29) 213 235  4.08 250 2.26 488  3.34
0.1>P 0.3>P 0.1>P 0.6>P 10.01>P
P NS NS <005 NS 502 S0.02 =0.50 >0.001
Table 8. Changes in plasma water (%)
|-~ Exp. group 33°C GP. 35°C GP. 37°C GP.
\Exposed hours
BxpNo——| 0 | thr | 2br [ 3br | o [ ih [ zhe | 3he | o | 1hr | zhr
1 914 9131 910 91.1| 91.8| 91.6| 913 91.1| 91.6| 91.3| 911
2 922 | 922 922 917 924| 925 | 91.8| 915| 923 921{ 918
3 926 | 925, 924| 920| 923 922| 91.8| 91.5| 922| 922| 919
4
5 928 92.0| 921 | 91.8| 927 926( 925! 91.3| 923 921 —
6 91.4| 915| 915| 91.6| 91.2| 9.3 91.2| 90| o11| 91.2| 911
7 927 | 926 | 924 92.2| 926 925| 926| 920| 924 924| 918
8 924 | 922| 921, 920 922| 923| 920| 917| 920| 91.8| 915
Average 9221/ 92.04 92.10 91.77] 91.17) 92.14] 91.89 91.47] 91.99| 91.87 91.53
S.D 0.59  0.66) 0.50,  0.36) 0.66 0.50, 0.54 0.38 0.47 0.46  0.36
0.2>P 0.5>P  [0.05>P 0.1>P
P NSNS 9500 NS 504 S0.02 NS 17005
Fa4E £ =
1. EREATGI (F¥Mh BRRIEMEC] BAZE HE
BOMA R vhst ol HHERETAMS (5% .
o WOREME BEAY ZHO o HAARBENA o in min. | RM.R o
< RRY H#sle 33°Cel glolxe Aol —xsEiw 25}
33°C st 37°Col glolA & =il miko] wow 38°C | \\
o Qe A= REHl A Whel RS 20|
HRASRS MIES BEs) Hestal Zilel mialet Toeazw
o %% aRF BF ARIAGLE B 4 gled o o .t
B BEHES AMGE SRREY 24 o @Y [P
N 3033 3% 3
¥R £E EEA 4¢ 5 gov kiz AR 73990 Env. Temp,
ol vk =S JKitel YlolA 35°CE R st B
i BEES MO 2 AL HEmusd A em Fig. 9. Comparison of maximum working time
Wil SloiA 35°C ¥ Aol A 100%7} with Miura’s results
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ABSTRACT

Study on the Maximum Tolerance of the
Working Time under the High Temperature
Conditioning Environment,

Mun Ki Lee, M.D.

Department of Preventive. Medicine, College of
Medicine, Seoul National University, Seoul, Korea
(Directed by Prof. In Dal Kim, M.D.)

It has long been known that the heat stagnation would
be liable to occur on the heavy physical work and exer-
cise under the high temperature environment. However
the practical determination of the maximum tolerance
of working time on the condition of various degrees of
the relative metabolic rate and temperatures would be
pursued on the point of the industrial medicine and
military hygiene. In this demand auther carried out this
experiment for the 16 healthy young Korean to know
the maximum tolerance of working time under the high
temperatures, as 27° C, 33° C, 35° C, 37° C and 40°
C (maintaining 4.0 of R.M.R.) Objectives were expo-
sed to above temperatures for 1 hr, 2 hrs and 3 hrs
and observed the various physiological changes such
as the pulse rate, the oxygen consumption rate, the R.
M.R., the rectal temperature, the plama sodium con-
centration and the water content which would affliate
closely with the potentiality working.

The results obtained were as following.

1. The maximum tolerance of working time showed
shortening proportional to the rise of the environmental
temperature. This trend showed markedly above 35°C.

2. Average time of maximum tolerance of Korean
showed more or less longer than that of the Japanese.

3. The close relatinghip between the physiological
changes and the tolerance of working under high tem-

perature environmenta was recognizable particularly the
pulse rate, the oxygen consumption and the rectal tem-

perature were prominent.
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