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Upper limit of dynamic mean body temperature of young men trained in heat-humid environment

ZHANG Lei, FANG Xiao, ZHANG Fan, BAO Ying-chun”
Department of Military Sports,College of Basic Medical Sciences, Second Military Medical University, Shanghai 200433, China

[Abstract |  Objective To determine the definitive upper limit for training with different intensities in heat-humid
environment, so as to provide evidence for safe working in heat-humid environment. Methods Thirty male volunteers aged 18-
23 years old who passed both health examination and physical agility test were selected from a total of 576 trainees. The body
temperature, including 5-point temperatures on the skin, rectal temperature and mean body temperature calculated, were
obtained before and after each training episode; the results were compared with previously reported. Then a regression equation
on the mean body temperature was developed and point estimation was done subsequently. Results (1) We found that 35. 83%
of the subjects had a mean body temperature higher than the upper limit previously reported. (2) If y was the mean body
temperature, X; was the temperature in environment, X, was the humidity in environment, and X; was the intensity of work,
the regression equations was y=14. 247 68+0. 604 67X, —0. 018 29X, +0. 343 53X;; and a table was developed according to
related point estimation. (3) There were 11 person/times (2. 49%) out of 441 person/times whose mean body temperature
surpassed the dynamic upper limit according to the table. Conclusion The mean body temperature is related to the environment
temperature, humidity and work intensity in the heat-humid environment. The table developed by point estimation of the
regression equation may help to ensure safe working in heat-humid environment.
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Tab 1 Arrangement for training

No Tcm@[}cﬂzaturc leﬂ()hty Detail

1 37 40 Mark time unarmed for 40 min, brisk walk unarmed for 10 min

2 38 50 Mark time unarmed for 40 min, brisk walk unarmed forl0 min

3 38 60 Mark time unarmed for 40 min, run unarmed for 10 min

4 38 65 Mark time unarmed for 40 min, run unarmed for 10 min

5 38 70 Mark time unarmed for 40 min, run unarmed for 10 min

6 38 75 Mark time unarmed for 40 min, weight walk for 10 min

7 38 80 Mark time unarmed for 40 min, weight walk for 10 min

8 39 80 Mark time unarmed for 40 min, weight brisk walk for 10 min

9 39 80 Mark time unarmed for 40 min, weight brisk walk for 10 min
10 39 80 Sit quietly in heated house for 15 min, weight run for 7 min
11 39 85 Sit quietly in heated house for 15 min, weight run for 8 min
12 39 85 Sit quietly in heated house for 15 min, weight run for 9 min
13 40 85 Sit quietly in heated house for 15 min, weight run for 10 min
14 40 85 Sit quietly in heated house for 15 min, weight run for 11 min
15 40 85 Sit quietly in heated house for 15 min, weight run for 12 min

Mark time unarmed: Do hacking movements of legs on medium speed on the stepper; Brisk walk unarmed: Do walks on medium speed on the
treadmills; Run unarmed: Do running on medium speed on the treadmills; Weight walk: Do walks on low speed loading 20 kg on the treadmills;

Weight brisk walk: Do walks on medium speed on the treadmills; Weight run: Do running loading 20 kg on the treadmills
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Tab 2 Rectal temperature and mean body temperature

over the reported limit after 15 training episodes

No N Rectal temperature Mean body
. n(%) temperature n( %)

1 29 1(3.45) 17(58.62)
2 30 1(3.33) 4(13.33)
3 30 1(3.33) 6(20.00)
4 30 0(0.00) 2(6.67)
5 30 0¢0.00) 4(13.33)
6 28 1(3.57) 1(3.57)
7 30 1(3.33) 10(33. 33)
8 30 1(3.33) 15(50. 00)
9 30 0¢0.00) 0¢0.00)
10 29 0¢0.00) 0(0.00)
11 28 0€0.00) 3(10.71)
12 30 0(0.00) 14(46.67)
13 30 1(3.33) 30(100. 00)
14 29 0(0.00) 24(82.76)
15 28 1(3.57) 28(100. 00)
Total 441 8(1.81) 158(35.83)
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Tab 3 Upper limit of mean body temperature of different environment loads and working loads in heat-humid environment

0/°C
If:éi;:;}:f;t Hurglidily Labor intensity
0/°C S0 Mild Moderate Severe Very severe Extremely severe
37.0 40 37. 44 37.79 38.12 38. 46 38. 81
45 37.35 37.70 38. 04 38.38 38.72
50 37.26 37. 60 37.95 38.29 38.63
55 37.17 37.51 37. 86 38. 20 38. 54
60 37.08 37.42 37.77 38.11 38.45
65 36.99 37.33 37. 67 38.02 38. 36
70 36. 90 37.24 37.58 37.93 38. 27
75 36. 81 37.15 37.49 37. 84 38. 18
80 36.72 37.06 37.40 37.74 38.09
85 36. 62 36.97 37.31 37.65 38.00
37.5 40 37.75 38.09 38.43 38.78 39.12
45 37. 66 38. 00 38. 34 38.68 39.03
50 37.56 37.91 38. 25 38.59 38. 94
55 37.47 37.82 38.16 38.50 38. 85
60 37.38 37.73 38.07 38.41 38.75
65 37.29 37.63 37.98 38.32 38. 66
70 37. 20 37.54 37.89 38.23 38.57
75 37.11 37.45 37. 80 38. 14 38.48
80 37.02 37. 36 37.70 38.05 38. 39
85 36.93 37. 27 37.61 37.96 38. 30
38.0 40 38.05 38. 39 38. 74 39. 08 39.42
45 37.96 38. 30 38. 64 38.99 39.33
50 37.87 38.21 38.55 38.90 39. 24
55 37.78 38.12 38. 46 38. 81 39. 15
60 37.69 38.03 38. 37 38.71 39. 06
65 37.59 37.94 38.28 38.62 38.97
70 37.50 37.85 38.19 38.53 38. 88
75 37.41 37.76 38. 10 38. 44 38.78
80 37.32 37. 66 38.01 38.35 38.69
85 37.23 37.57 37.92 38. 26 38. 60
38.5 40 38.35 38.70 39. 04 39. 38 39.72
45 38. 26 38. 60 38.95 39. 29 39.63
50 38. 17 38.51 38. 86 39. 20 39. 54
55 38.08 38.42 38.77 39.11 39.45
60 37.99 38.33 38.67 39.02 39. 36
65 37.90 38. 24 38.58 38.93 39. 27
70 37.81 38.15 38.49 38. 84 39.18
75 37.72 38. 06 38. 40 38.74 39.09
80 37.62 37.97 38.31 38.65 39.00
85 37.53 37. 88 38. 22 38.56 38.91
39.0 40 38. 66 39. 00 39. 34 39. 68 40.03
45 38.56 38.91 39.25 39.59 39. 94
50 38. 47 38. 82 39. 16 39.50 39. 85
55 38. 38 38.73 39.07 39.41 39.75
60 38.29 38.63 38.98 39. 32 39. 66
65 38. 20 38.54 38. 89 39. 23 39. 57
70 38. 11 38.45 38. 80 39. 14 39.48
75 38.02 38. 36 38.70 39.05 39. 39
80 37.93 38. 27 38.61 38.96 39. 30

85 37.84 38.18 38.52 38.87 39.21
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0/°C 5 Mild Moderate Severe Very severe Extremely severe

39.5 40 38. 96 39. 30 39. 64 39.99 40. 33
45 38. 87 39.21 39. 55 39. 90 40. 24
50 38.78 39.12 39. 46 39. 81 40. 15
55 38. 69 39.03 39. 37 39.71 40. 06
60 38.59 38.94 39. 28 39.62 39.97
65 38.50 38. 85 39.19 39.53 39. 88
70 38.41 38.76 39. 10 39. 44 39.78
75 38.32 38. 66 39.01 39. 35 39. 69
80 38.23 38.57 38.92 39. 26 39. 60
85 38. 14 38.48 38. 83 39. 17 39.51

40.0 40 39. 26 39. 60 39.95 40. 29 40.63
45 39.17 39.51 39. 86 40. 20 40. 54
50 39.08 39.42 39.77 40,11 40. 45
55 38.99 39. 33 39. 67 40. 02 40. 36
60 38.90 39. 24 39.58 39.93 40. 27
65 38. 81 39.15 39.49 39. 84 40.18
70 38.72 39. 06 39. 40 39.74 40. 09
75 38.62 38.97 39. 31 39. 65 40. 00
80 38.53 38. 88 39. 22 39. 56 39.91
85 38. 44 38.79 39.13 39.47 39. 81
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