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Taebeom Kim' - Hyaejeong Byun® - Taesun Kang!*

"Department of Environmental and Safety Engineering, Ajou University
’Electronics & Manufacturing consulting group, Samsung SDS

ABSTRACT

Objectives: This study was conducted to determine firefighters’ work-related accident rate and investigate the factors affecting
their on-site safety.

Methods: We developed a web-based self-reported questionnaire designed to inquire into firefighters’ work-related accident
experience and the factors (4M; Man, Machine, Media, Management) affecting firefighters’ on-site safety. We distributed
questionnaires to all members of firefighting organizations in South Korea by e-mail and 9,149 were returned, resulting in a
response rate of 23.1%.

Results: Fifteen point seven percent of the respondents reported work-related injuries within the past one year, and 35.1%
answered that current accident investigation reports are not helpful for preventing the same accident from recurring. Among the
4M factors, the one most affecting firefighters’ on-site safety in the order of priority is the Man factor, followed by Machine,
Media, and Management. However, the results from detailed sub-categorical factors showed some differences. ‘Lack of human
resources’, one of the Management factors, was the most influential (70.3%), followed by ‘worn-out equipment’ under the
Machine factor (67.2%). The viewpoint of elements of the Man factor including ‘forgetting instructions’ and ‘fatigue and illness’
were significantly different according to firefighters’ rank. The higher the firefighter’s rank, the more they answered ‘forgetting
instructions,” while the opposite was the case for ‘fatigue and disease’.

Conclusions: The present firefighters’ accident investigation report needs to be improved, and the 4M method could prove very
useful. In addition, it is necessary to set up a proper firefighters’ accident investigation and prevention system.

Key words: Firefighters, injury, accident investigation, 4M
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Table 1. General characteristics of the subjects

Characteristics Categories N (%)
Gender Male 8,569 (93.7)
Female 580 (6.3)
20~29 yrs 678 (7.4)
30~39 yrs 3,738 (40.9)

Age

40~49 yrs 3,055 (33.4)
Above 50 yrs 1,678 (18.3)
Firefighter 2,046 (22.4)
Senior firefighter 2,216 (24.2)
Fire sergeant 2,368 (25.9)
Fire lieutenant 1,723 (18.8)
Rank Fire captain 466 (5.1)
Assistant fire chief 149 (1.6)
Fire chief 51 (0.6)
Above deputy fire marshal 65 (0.7)
No response 65 (0.7)
<5 yrs 2,005 (21.9)
5~ 10 yrs 2,104 (23.0)
Work year 10 ~ 15 yrs 1,431 (15.6)
15 ~ 20 yrs 1,425 (15.6)
> 20 yrs 2,026 (22.1)
No response 158 (1.7)
Firefighting 4,944 (44.5)
Paramedic 2,527 (22.7)
Duty’ Rescue 1,460 (13.1)
Office work 1,536 (13.8)
119 Situation room 353 (3.2)
Local office 263 (2.4)

"Multiple responses
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Table 2. Work-related injury experience requiring more than one
day’s care or hospital treatment over the past one year

Work-related No. of Percentage
injury experience respondents (%)
Non-injured 7,068 71.3
Injured 1,436 15.7
No response 645 7.0
Total 9,149 100.0

Table 3. Firefighters’ recognition of the accident prevention
effects by current accident investigation report

No. of  Percentage

Question respondents (%)
Current accident investigation report is 5222 571
useful to prevent the same accident.
Current accident investigation report is 3214 35.1
not useful to prevent the same accident. ’ ’
No response 713 7.8
Total 9,149 100.0
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Table 4. Rank of the 4M factors affecting firefighters’ on-site safety in order of priority

AM Factor No. of respondents for each 4M factor (%) Total weighting score”
st 2nd 3rd 4th (%)
Man 4,971 805 2,010 627 26,946
(54.3) (8.8) (22.0) (6.9) (33.2)
Machine 1,609 3,927 1,424 1,155 22,220
(17.6) (42.9) (15.6) (12.6) (27.4)
Media 996 2,207 2,852 1,866 18,175
(10.9) (24.1) (31.2) (20.4) (22.4)
Management 095 1,102 1,719 4,364 13,888
g (7.6) (12.0) (18.8) (47.7) (17.1)
No response 878 1,108 1,144 1,137
P 9.6) (12.1) (12.5) (12.4)
Total 9,149 9,149 9,149 9,149 81,229
(100.0) (100.0) (100.0) (100.0) (100.0)

"Each response was multiplied by weighting factor; Weighting factor: 1st(4 Points), 2nd(3 Points), 3rd(2 Points), 4th(1 Point)

Table 5. 4M sub-categorical factors affecting firefighters’ on-site safety

4M factor 4M sub-categorical factors N %
Forgetting instructions, subjective judgement, misunderstanding 3,909 43.0
Non-Fulfillment of instructions 301 33

Man Fatigue and disease 3,367 37.1
Lack of interaction or teamwork with each other 3,793 41.8

Lack of leadership 1,812 19.9

Others 1,031 11.3

Worn-out equipment 6,102 67.2

Lack of equipment performance 3,385 37.3

Machine Poor maintenance 715 7.9
Immature equipment operation 2,073 22.8

Lack of communication on equipment performance 1,454 16.0

Others 770 8.5

Lack of information about dangerous substances 4,131 455

Lack of information about building structure 3,710 40.8

Lack of information about victims’ numbers and their locations 3,502 38.6

Media Difficulty of the wireless communication transmission 1,574 17.3
Faulty posture and action in firefighting activity 616 6.8

Inadequate planning and procedures in firefighting activity 929 10.2

Others 689 7.6

Absence of the related standard operating procedure(SOP) or manual 727 8.0

Poor operation of incident commander/safety officer 2,594 28.6

Management Lack of education and physical training 1,593 17.5
Lack of guidance and supervision to subordinates 1,210 133

Lack of manpower 6,386 70.3

Others 1,197 13.2

"Two multiple-choice responses
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Table 6. Statistical analysis of factors that is responded to affect firefighters’ on-site safety according to their job positions

Man Machine Media Management
Lack of Lack of Lack of Lack of Poor
Rank Forgetting Fatigue Worn-out communicati information information informaFioln . ppération of Lack of
Instructions ™ cquipment % 1 about about about victims® incident ———
disease qp equipment dangerous  building numbers and commander/ P
performance substances — structure their locations safety officer
N 2,580 2,629 4,624 943 2,936 2,542 2,644 1,884 4,624
infg’é%r;t (%) (38.9)  (39.7) (69.7) (14.2) (44.3) (38.3) (39.9) (284)  (69.7)
¥4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.880 0.160
. N 1,191 661 1,324 472 1,073 1,059 775 636 1,595
Chain of
command’ (%) (54.4) (30.2) (60.5) (21.6) (49.0) (48.4) (35.4) (29.1) (72.9)
(n=2,189) ¥4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.840 0.010
. N 138 77 154 39 122 109 83 74 167
Senior
executive’ (%) (52.1) (29.1) (58.1) (14.7) (46.0) (41.1) (31.3) (27.9)  (63.0)
(n=265) 0010 0030 0010 0840 0980 1000 0.040 0980  0.030

" Including firefighter, senior firefighter, and fire sergeant
' Including fire lieutenant and fire captain
i Including assistant fire chief, fire chief, and deputy fire marshal
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FE0] 47l vhe-S Bty 25l okl
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