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Effect of Ambient Temperature on Relationship between Increase
in Rectal Temperature and Body Build during Submaximal Work
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Department of Ergonomics, Kyushu University of Design Sciences
Shiobaru, Minami-ku, Fukuoka, 815 Japan

The relationship between increase in rectal temperature and body build during submaximal
work was studied in 8 Japanese males. After resting at 28°C with 5094 relative humidity for
30min, subjects worked on a bicycle ergometer at load of 450kgm/min with pedaling frequency
50rpm for 61min at 28°C or 45°C with 5094 relative humidity. Rectal temperature, oxygen
uptake and heart rate were measured at rest and during work. Relative work loads were
obtained from prediction of maximal oxygen uptake. Body weight, stature, skinfold thickness
and body density were measured. Body surface area, body fat % and mean skinfold thickness
were caluculated by prediction equations. .

The correlation coefficients between increase in rectal temperature and body build at 45°C
were larger than those at 28°C. In the condition of 45°C, body surface area-to-mass ratio was
correlated significantly with increase in rectal temperature, whereas the relationship was not
significant at 28°C. In the condition of 28°C, significant relationship between relative work load
and increase in rectal temperature was found. Body surface area-to-mass ratio, which means
relative heat exchange between human body and environment, affects the change in rectal
temperature at high ambient temperature.
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Table 1. Physical characteristics of subjects.

Subj. Age Ht Wt B.S.A. B.S.A./Wt Fat M.S.F.
(yrs.) (cm) (kg) (m?) (m*/kg) (%) (mm)

LK. 24 170.8 55.45 1.60 0.029 6.35 6.6
M. 21 173.2 62.04 1.69 0.027 8.30 6.5
K.T. 26 173.8 62.45 1.70 0.030 11.36 9.4
N.T. 24 173.6 74.82 1.84 0.027 22.41 25.7
0.J. 23 176.3 55.24 1.63 0.028 391 5.8
T.I 22 168.8 58.40 1.62 0.025 13.61 9.8
W.S. 26 160.2 55.74 1.53 0.028 12.97 13.2
Y XK. 29 169.9 59.42 1.64 0.027 7.05 5.2
mean 24.4 170.8 60.45 1.66 0.028 11.37 10.3
S.D. 2.6 4.9 6.47 0.09 0.002 5.19 6.8

B.S.A. : Body surface area according to Fujimoto et al. (1968).
M.S.F.: Mean skin fold thickness according to Hori et al. (1974).
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Fig.1. Rectal temperature during work. Values are mean+3S.D..
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Table 2. Increase in rectal temperature.

28°C 45°C

Subj. ATr30 ATr60 ATr30
O 0 O
LK. 0.43 0.88 1.40
I.M. 0.26 0.24 0.60
K.T. 0.71 0.84 1.68
N.T. 0.43 0.57 0.88
0.]. 0.25 - 0.59 0.90
T.L 0.38 0.54 0.75
WSS. 0.25 0.36 1.13
Y K. 0.30 0.34 1.22
mean 0.38 0.55 1.07
S.D. 0.16 0.23 0.36

ATr30, ATr60: Increase in rectal temperature for 30
min and 60 min, respectively, subtracting rectal
temperature at the end of rest from that at 30min or
60 min of work.
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Table 3. Increase in \’/02 (A{/OQBO, AVO;GO) and HR (AHR30, AHR60), \.702max, %\./'ozmax, sweat rate (S.
R.) and work time(W.T.).

Subj. AV0.30 AVos80 AHR30 AHR60 Vo.max %Vo.max SR. WT.
(1/min) (beats/min) (1/min) (%) (kg/W.T.) (min)

LK. 28C 115 118 63 60 3.00 453 0.73 61.0
45°C 1.35 - 103 - 2.95 53.0 0.90 35.0

M. 28C 1.06 101 46 47 3.39 38.4 0.74 61.0
45°C 122 - 92 - 3.02 468 1.19 39.0
KT. 28C 0.91 099 50 54 2.85 425 0.42 61.0
45°C 1.02 - 93 - 2.88 46.3 1.00 47.0
N.T. 28C 1.01 100 36 40 3.25 40.1 0.63 61.0
45°C 122 - 92 - 2.96 474 1.09 39.0

0J. 28C 1.14 123 59 58 3.0 44.0 0.23 61.0
45°C 1.01 - 9% - 3.06 25 0.50 275

TI  28C 0.84 089 53 58 312 36.1 0.46 61.0
45°C 1.02 - 74 - 3.10 42.6 0.91 49.0
WS, 28C 1.05 103 36 34 3.13 41.0 0.54 61.0
45°C 1.30 - 90 - 3.07 412 0.70 38.0
YK 28C 0.91 093 44 41 3.58 325 0.43 61.0
45°C 1.08 - 91 - 3.34 365 0.72 395
mean  28°C 1.01 103 484 49.0 3.17 40.0 0.52 61.0
45:C 115 - 91.4 - 3.05 445 - 39.3

SD.  28C 0.11 0.12 9.9 9.9 0.23 42 0.17 0.0
45°C 0.14 - 8.1 - 0.14 5.0 - 6.7

A\‘[Og and AHR were calculated for 30 min and 60 min as similar to ATr shown in table 2.
Vo,max according to Sato et al. (1979).

Table 4. Correlation coefficients between ATr and parameters of body build.

Ht Wt B.S.A. BS.A./Wt Fat M.S.F.

28°C ATr30 0.543 -0.183 0.036 0.519 -0.098 -0.104
ATr60 0.403 -0.255 -0.064 0.587 -0.144 -0.108

45°C ATr30 -0.044 -0.678 -0.575 0.801* -0.434 -0.397

*: p<0.05

Table 5. Correlation coefficients between ATr and A\-/Oz, AHR, \./ogmax, %\'fozmax and S.R..
AVo.30  AVo,60 AHR30  AHR60  Vosmax %Vomax SR

28°C ATr30 0.574 - 0.519 - -0.535 0.717*
ATr60 - 0.620 - 0.701 -0.639 0.630 -0.270
45°C ATr30 -0.042 - 0.421 - -0.116 0.173 -
*: p<0.05
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