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4M Analysis of the factors affecting firefighters’ on-site safety
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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

LM B 2k 2T A AT E Y B - AN 2E

2 UHHAQl AFILEAY o]Ro H]F=o] & wf(Toft Y

T SEC10~14E) 7 et 2FRE0 & et al. 2012), ARG HlSte] AUpAA] FAF - Aol
A 33 om sAApgATRlEe] vl of 2wtk o]e &WEE F Ydoluhe o] bkt
ol =ATHB32 vs. 35.9). ARALES ANIHR - FAH oz HuED 9] ok 9SS wilth 2012
27 RS2 vlso] 2013 ARaLgo] 151 %Y | ranE e Bk 9l B4 71 (o]st &1
of wall &2 A7l eyt e FA -8 E FRYEAMA)e]l AREE § SHudAE
BE2 0.7%THNFPA, 2016; MPSS, 2015). ¢-2|ut AT A EAZAC di't #Alo] AFAT

*Corresponding author: Taesun Kang, Tel: 010-9947-7815, E-mail: hsekang@ajou.ac.kr

Department of Environmental and Safety Engineering, Ajou University, 206 Worldcup-ro, Yeongtong-Gu, Suwon, 443-749
Received: August 11, 2017, Revised: September 2, 2017, Accepted: September 14, 2017

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial

License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

231



232 ZIEHH - oY - ZEfM

AMRE ARET BFRA S AW WSl
AAA R 2EA e BAE A AR ol
Qlek A HIE AmEAE HAT AF Bt
oloix %] gk Zlo] WAlo|ch

AAbs HEA, ATES AW AL FAA
Q1 gle] thste] W3] saysioput Abafel] B
2% AR WES P 5 gk o) Mol A 2 )

) 2563 (AT
% 73 5. e 5 At 1 sheol
252 QAo A AnARE J1AtE
S ol gk ol A AolriANe Aue]
WY, AT BAT chka A Fol
%ol YRR WAEy] He FRE Bojzl
o E gAE gRE e 92Es) ge] Akx
MR A G B shx Wt AnAL] 1A
o AT FEHAE, BEAT DS AT G
3 NERA Yuyto] Zbsd BoR AT BEH

Aol gt nde HsiM e 2T ARE AT

L AT RAS0] AAR o= Hm9 o
HANE FW QA AIYRIAE o] =
gol HeA 5 7lEAel UehE worstn AYFR
2 QPARILY 19l gt B Zo] gl HEE B
o) Ayl Bag ZRE Aud s

1. o4&t
Haro] &35 ¥ 39,6858 iR 2015

| 89 6URE 9W0UAA FHHAH FYLaYE
2o YRS o] AEY MERAE APRM 1

% 9,1497(23.1%)0] ZAbo] S3ct.

http://www.kiha.kr

i
Sl
W
o gt
)
i
offl
rO
2
~
>
Rl
=2
o &
ot
me
ko
r 0
olet
o)
Sl

%m

o @i or o 2 p

do

Sl

ol

o

u

ox

)

32
ot -

1 oot

__>,~1_',‘

)
1
Mo g -
o @

N 2
rmg
i o
o
o of 1 B

[¢)

oA Sl 2ARAA A Aol
SFL QLT ol ARTLYIAIS ThztE o e}
WA B3451A] oo} del olgET ek M
ol et AR AL WA “ARLAL ofs)
I ZsE QRS T8 E o0& AdsEyAle”
T AESUT ABAE 4MS SE0l A 24
(Man), 1|2 Q 2l(Machine), R Z7H 2 Q 2(Media),
2224 291 (Management) 58 A A3Hct, o]o]
A SHPPAS OBk A2 o1, A,
AHEAH, 2B ALRAE M A
et Aaeto] SISO 4M 7 919 THH e
Ayl gk HEE AFI AU G Heels
Sock 2 BT A 242 AT S PES ok

_ci:‘
[Lala)

oo ol

£

>

3. 8A=EN

A 1] QbdAbL At A Qb
ApIAe] dF AR WERATLS Susiitt
4M 2Y R AAIAE oksAl7)E Al

et gEHlae was)
ol NAM= EXE Fof kst
WG AM ARl QAo Tiek Xl S sho}
al7) le) ol E AAE AFHT F2I3t 2oz}
ol A2 glel thstelt =L 7% Bonferroni
correction) S ©]8-3lo] &elgich o]

AU WYY A EH olsh, YA @
AR AR, 297, 19 AFEE o
) 5 3AFOR PEste] LAk B4

2
Rl
o

dr
1
T

1. MEZXALO] S8t 2SRRS4

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(3): 231-237



SO0 A DAY F H
(93.2%)7 ARTE. ZARTh AL 2 e

A agERA) g SARIT 19, 230,
15.6, 15.6, 22.1 vs 21.9, 19.7, 13.7, 16.9, 27.6). A&,
A AR SR A AUFEd o) TS

oA HF2 dErAl el
2. 2AEIS R0 OrMALT AE D $1™l AlIE TN
of CHBk 214

Table 1. General characteristics of the subjects

Characteristics Categories N (%)

Male 8,569 (93.7)

Gender
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)
10 ~ 15 yrs 1,431 (15.6)
Work year
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)
N Rescue 1,460 (13.1)
Duty

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 77.3
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

Question No. of  Percentage
respondents (%)
Current accident investigation report is 5200 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’
Ist 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 695 1,102 1,719 4,364 13,888
g (7.6) (12.0) (18.8) 471.7) 7.1
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 79
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 45.5

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 13.3

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 Forgettin Fatigue Worn-out communicati information information information operation of Lack of
Inst% CtiO%l S and cqui r_n::nt on on about about about victims® incident ————
U disease quip equipment dangerous  building numbers and commander/ pow
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
szlf;é%“; (%) (389)  (39.7) (69.7) (14.2) (44.3) (38.3) (39.9) (284)  (69.7)
p 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)
(0=2,189) 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.840  0.010
Seni N 138 77 154 39 122 109 83 74 167
enior
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 0.980  0.030

" Including firefighter, senior firefighter, and fire sergeant
t . . .
Including fire lieutenant and fire captain
¥ Including assistant fire chief, fire chief, and deputy fire marshal

Qe et FEY FF(45.5%) 5] 1 HE ZARE g AT Ad 12 15.7%9] A3 FdEol
o|girh ¢14 &3l FollA= ‘Y AA| F2, 04 sl W PAALLE Btk ekl
Ql wekte, ‘|l9la B AT FEFo] 747t AR FHAE FA - Aol diste] 2k ARt
43.0%, 41.8% % =2 H&Z ETh AR A Y] o ZHgAJof A= 35.1%9] A
FHdE0] £44Q v Btk AHEEo] kA
4. A2 aM M2 290! olA|xtO| = BRA7I= Al it Aol dis <14 a7,
Table 62 W37 AFE 4M AlFaclo] tf Aald aql, ARTAFA aql, WA 2l
gk Q1A Tl AolE wpotstr] flaff FrolAlE AAE o gloy Fy AAHoR E9S o= oF
AlgggE AR, F-o5k 2o 7k Sl AllFa.qlol di sl 70%2] 2FFEEe] 2AHH el s
AE B 2Y 7% (Bonferroni correction)S -85} colg] Bzyl Au|z Qolof| sl Ao
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Zpol7t At & Algo] s Y =$3), P 7= QRleR HlE=H of7loe AFHEE
‘ol mm g AR Fo dsise Eaql Tt SHES AfolE EArt of= 4M 7} ale]
o8 AESHA| = AFS HA 25y ‘Y et Wekek gojo] RAet Asf o] gt Alg
AAGZY, AR TERe” Fol jFaclolztal Q1A Apol7} S-S AlARSETH
et Aerh wokth YRS, d4A N 4L 9 o] AtollA UEbgRel A 1|AZF 15.7%9] 4w
AR FHE A &Fo] F HA el gt ¢ SFHo] RS AR A T2 A
A AFEHE 73 ZpolE HolA| Aot 0l a5 9] P AR (career firefighter injuries)
HE 15.1%8 A dA|sh= daorh A

V.o & SAZH10-14) 7 b aared gat =4 A

Qlgo] 234 (k=) 83.2 vs. m]= 35.9) 2po]7} k=
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ek & JITHINFPA, 2016; MPSS, 2015). &4 571 Zh FEAR] Azl S fdeRlo® He 5 A
g agTed IAT TR ARE FRAAIY B A% tig AdelA elg Aol wols
of ueh Qg FRA A AW Aol gUsktl o] olF WEaL Aok
I A 1%s et AR AbdaRe H)=9] 9= ol2let F& arEste] 19| RE A
PAF2IQ] TaurE R RAKAUE A (05 & H 72| & X (Center for Disease Control and Prevention)
W RAEAMA o= aFFFY A LE 22713401 Abe}orA B 7 At (National Institute for
‘AR ARMEE £ EQHASH sEo|L RASE AR Occupational Safety and Health; ©|3} NIOSH)oJ| 4] ‘4~
A AAPFe] o] MASHE Aolebi ejElo] MR AFAfa) £AF W o4 T (Fire Fighter
QAL QPAALILTL RS AR AWo] ZALS|of Fatality Investigation and Prevention Program; FFFIPP)’
kT FAH Qs of RAR] ME PSS 2 AR shu ok AMFRY Aol o
A=A e ek o AR 4R He] 2Aol WA HANH A
2= oA sAHer Hig anpes o 7)ol A1 yskar FA Ao HA A QL £AL
WAL Aol YEAE & 4 glort 2AAY o ATBLIAE Aol ol Unte] BT =2
ATE MER golsta gckn S AWusel  wolth NIOSHS o] £AH: A AAE iAo S
AT A

s b5 4 FolA} o2 Al el RAth £ALY BHL &
Aol A AMFEUS] Atk TR WAE WA B ) AYRTUe B R vk
L=

QPHAL AE o] BATHE ofulzt A& ¢ o] ohth NIOSHEATS B, 0|27, Ayt
O Aol 2 AIStERkE A4 AAelA WS AdFAe] QAT okl ALY ¢ RE
Aol g A2 nlEash EAET B S 9 /1% 5 ARy Ang PRt 2R Aln
oh agEAoA] QRiALE B W Bk AL Wg % BET 5o g guE 2Abwch AHf
dol BAE 92 AOE AL PARAFG] R FR AMTRAWT et 5T B9 A3
7120l T WE A3, Z oAl Mmearmiss)7H] A} 7HEE SO RE o] Fol ALk NIOSHE EAHAL
E AREA Bug 5 Qb 2AFES WEDL I B /T EEA oS 1% AN viEe]
dolE7bA el Lgshof ek Mol HiFo] B G| Az AvIAE AL Autel] B
w eelibet agEEe 4Es FAAel ARA = EARIAE ALel A9 50-100 Ho] Aol e
AGA2E Sz v 9 7bsAel Atk AW 105014 ol4felet (Ridenour, 2010; CDC,
of AToIME AWTRY QAT BIO] W 2017). AAY SelifehE AFR QA WA
g ookiet MelE A Q&S WHth 35.0%  HIA A S B ATEAL AR AN AR
Aol AR FU TS o A, AT Bus] 9% welo] Wastth
shod] mgol HA chn gk AYFRAR o] AT MRS Faf Atue] A of
AAATFAANAE 23 olske] At Bl e A @ 2AE Zo| SRk AN B ATES
DA AMREY, 39 olAbo] Al Ho tig & Ml AIAlelE AAle] ZIwskA gk we 2ol
A SHGHAAZL S ES FAT Gtk A A ARSS GG F SYS wobd FF Bt
Aok ol Aol AL 4 Ui ATEAE & T o] thiioldth B ATCIAL Aol
WpRdel et AMA mAckde Adde] 9l F chalBe] APsHe AM BHS S8% HuAS
L oawgel AHoR Sasitt A BAZE  wE9ch 910 23 NIOSH FFFIPPE] ALx1Z Al
Ut AOR Holfth Rolmth ATWAL 2AET A ASHE PUEL Hokw Amu4
£ 7|dsh] o@7] tEolth £WFFY L o (multiple factor theory)o] 7]¥Hste] ©HIEh gln Tt
SAZE al] ek MEAA, Adel WHe4E oe 7hd 9 Bl 2AhE A & 4 9
cgulel mgep, o] e W AR B A th tIRe £AW €el, 2R Uele - oo
B, Be AFIAE 288 Y A 3857 vl ogeie 2] glak mAbl A B
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