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ABSTRACT

The present article is concerned with a study on the daily training protocol for field crews wearing chemical protection
clothing for firefighting and the analysis of activity. To improve coping ability of & secure safety for firefighting crews
initially incorporated in the fields of chemical accident & chemical terror, 10 steps in total of daily training protocol have
been designed. The designed protocol is largely composed of the extensive activity protocol for daily adaptation of
firefighting chemical protection clothing (steps 1, 2, 6, 7 & 9), the precision operation protocol utilizing hands (steps 3,
4 & 5), and the protocol requiring strong physical burdens (steps 8 & 10). According to the measurement results for activity
as a result of the protocol, the average maximum heart rate upon wearing the firefighting chemical protection clothing was
shown to increase by step 1 20.32%, step 2 18.69%, step 3 25.23%, step 4 34.77%, step 5 27.44%, step 6 30.24%, step
7 25.33%, step 8 22.25%, step 9 22.80% and step 10 20.85% compared with the time of not wearing them. The average
maximum breathing rate was shown to increase by step 3 1.92%, step 4 4.11%, step 5 1.24%, step 6 3.95%, step 7 0.93%,
step 8 10.23%, step 9 3.36% and step 10 15.10%, except for steps 1 & 2.
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(a) step 1

(f) step 6 (g) step 7
Figure 1. Protocol design for daily training.
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(a) heart rate monitor

Figure 2. Experimental equipments.
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(a) case 1

Figure 3. Experimental conditions.
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Table 1. Results of Heart Rate and Breathing Rate According to The Step 1 Training

Tt Heart Rate Breathing Rate
em
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 101.67 bpm 85.67 bpm 93.00 bpm 25.67 rpm 15.67 rpm 21.33 rpm
Case 2 (b) 122.33 bpm 102.67 bpm 115.33 bpm 23.00 rpm 17.00 rpm 19.33 rpm
Increase /
Decrease Rate 20.32% 19.84% 24.01% -10.40% 8.49% -9.38%
(b-a) / a x 100
I /
DecreagecreRZSt?o (b/a) 1.20 times 1.20 times 1.24 times 0.90 times 1.08 times 0.91 times
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Table 2. Results of Heart Rate and Breathing Rate According to The Step 2 Training

ltem Heart Rate Breathing Rate
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 107.00 bpm 90.00 bpm 97.00 bpm 23.67 rpm 15.00 rpm 18.67 rpm
Case 2 (b) 127.00 bpm 118.00 bpm 123.67 bpm 23.67 rpm 16.67 rpm 20.33 rpm
Increase /
Decrease Rate 18.69% 31.11% 27.49% 0.00% 11.13% 8.89%
(b-a) / a x 100
Decre;::rgaast?o/ (b/a) 1.19 times 1.31 times 1.27 times 1.00 times 1.11 times 1.09 times
Table 3. Results of Heart Rate and Breathing Rate According to The Step 3 Training
ftem Heart Rate Breathing Rate
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 107.00 bpm 88.33 bpm 96.33 bpm 26.00 rpm 18.33 rpm 22.00 rpm
Case 2 (b) 134.00 bpm 116.00 bpm 124.00 bpm 26.50 rpm 20.00 rpm 23.00 rpm
Increase /
Decrease Rate 25.23% 31.33% 28.72% 1.92% 9.11% 4.55%
(b-a) / a x 100
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Table 4. Results of Heart Rate and Breathing Rate According to The Step 4 Training

Tt Heart Rate Breathing Rate
em
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 99.67 bpm 92.00 bpm 96.00 bpm 2433 rpm 20.33 rpm 22.33 rpm
Case 2 (b) 134.33 bpm 121.67 bpm 127.67 bpm 25.33 rpm 20.33 rpm 22.67 rpm
Increase /
Decrease Rate 34.77% 32.25% 32.99% 4.11% 0.00% 1.52%
(b-a) / a x 100
Increase / . . . . . .
Decrease Ratio (b/a) 1.35 times 1.32 times 1.33 times 1.04 times 1.00 times 1.02 times

Table S. Results of Heart Rate and Breathing Rate According to The Step 5 Training

" Heart Rate Breathing Rate
em
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 105.67 bpm 92.33 bpm 99.00 bpm 26.67 rpm 19.67 rpm 23.00 rpm
Case 2 (b) 134.67 bpm 126.33 bpm 130.00 bpm 27.00 rpm 20.33 rpm 24.00 rpm
Increase /
Decrease Rate 27.44% 36.82% 31.31% 1.24% 3.36% 4.35%
(b-a) / a x 100
Increase / . . . . . .
Decrease Ratio (b/a) 1.27 times 1.37 times 1.31 times 1.01 times 1.03 times 1.04 times
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Table 6. Results of Heart Rate and Breathing Rate According to The Step 6 Training

ltem Heart Rate Breathing Rate
Maximum Minimum Average Maximum Minimum Average

Case 1 (a) 111.33 bpm 98.33 bpm 103.33 bpm 25.33 rpm 20.67 rpm 23.00 rpm

Case 2 (b) 145.00 bpm 129.33 bpm 136.33 bpm 26.33 rpm 21.00 rpm 23.00 rpm

Increase /

Decrease Rate 30.24% 31.53% 31.94% 3.95% 1.60% 0.00%
(b-a) / a x 100
Decrei::rga:go/ ©ray| 130 times 132 times 132 times 1.04 times 1.02 times 1.00 times
Table 7. Results of Heart Rate and Breathing Rate According to The Step 7 Training
ftem Heart Rate Breathing Rate
Maximum Minimum Average Maximum Minimum Average

Case 1 (a) 123.67 bpm 109.00 bpm 118.33 bpm 35.67 rpm 22.00 rpm 27.33 rpm

Case 2 (b) 155.00 bpm 137.67 bpm 148.00 bpm 36.00 rpm 23.00 rpm 27.67 rpm

Increase /

Decrease Rate 25.33% 26.30% 25.07% 0.93% 4.55% 1.24%
(b-a) / a x 100

Decre;;lecrzi?o/ (b/a) 1.25 times 1.26 times 1.25 times 1.01 times 1.05 times 1.01 times
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Table 8. Results of Heart Rate and Breathing Rate According to The Step 8 Training

Tt Heart Rate Breathing Rate
em
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 136.33 bpm 109.33 bpm 124.33 bpm 29.33 rpm 20.33 rpm 24.33 rpm
Case 2 (b) 166.67 bpm 145.00 bpm 158.33 bpm 32.33 rpm 26.67 rpm 30.67 rpm
Increase /
Decrease Rate 22.25% 32.63% 27.35% 10.23% 31.19% 26.06%
(b-a) / a x 100
Increase / . . . . . .
Decrease Ratio (b/a) 1.22 times 1.33 times 1.27 times 1.10 times 1.31 times 1.26 times
Table 9. Results of Heart Rate and Breathing Rate According to The Step 9 Training
Tt Heart Rate Breathing Rate
em
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 133.00 bpm 117.00 bpm 125.67 bpm 30.33 rpm 24.00 rpm 26.67 rpm
Case 2 (b) 166.33 bpm 153.00 bpm 159.67 bpm 31.35 rpm 24.95 rpm 28.33 rpm
Increase /
Decrease Rate 22.80% 30.77% 27.05% 3.36% 3.96% 6.22%
(b-a) / ax 100
I /
Decrea::rgaast?o (b/a) 1.23 times 1.31 times 1.27 times 1.03 times 1.04 times 1.06 times
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Table 10. Results of Heart Rate and Breathing Rate According to The Step 10 Training

ltem Heart Rate Breathing Rate
Maximum Minimum Average Maximum Minimum Average
Case 1 (a) 132.67 bpm 120.67 bpm 127.00 bpm 30.67 rpm 21.67 rpm 26.00 rpm
Case 2 (b) 160.33 bpm 146.67 bpm 155.67 bpm 3530 rpm 26.00 rpm 31.00 rpm
Increase /
Decrease Rate 20.85% 21.55% 22.57% 15.10% 19.98% 19.23%
(b-a) / a x 100
Decre;::rgaast?o/ (b/a) 1.21 times 1.22 times 1.23 times 1.15 times 1.20 times 1.19 times
Table 11. Average Exercise Intensity According to Heart Rate
Leavel Level 1 Level 2 Level 3 Level 4 Level 5
(Heart Rate) (104~114 ppm) (114~133 ppm) (133~152 ppm) (152~171 ppm) (171 ~190 ppm)
Exercise Intensity Very Light Light Moderate Hard Maximum
Case 1 59.40% 38.20% 2.40% 0.00% 0.00%
Case 2 21.80% 43.80% 25.00% 8.60% 0.80%
Table 12. Body Change Before and After Training
Htem Body Temperature Increase Body Water Reduction Blood Pressure Increase
Maximum Average Maximum Average Maximum Average
Case 1 01 C 0.06 C 0g 0g 28 mmHg 20 mmHg
Case 2 02 C 0.08 C 300 g 200 g 52 mmHg 30 mmHg
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