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ABSTRACT

Objectives: Firefighters are exposed to various harmful factors. Prominent among them is noise, which can lead
to hearing loss. Once hearing is damaged, its recovery is nearly impossible. Firefighters are reported to be exposed
to brief but high levels of noise from sirens, horns, and rescue equipment, but research in this area in South Korea
is limited. The objective of this study was to evaluate the noise levels of sirens, horns, and radios in fire vehicles
based on whether the windows are open or closed, and to investigate the noise sources of rescue equipment
primarily used by rescue personnel.

Methods: Nine types of fire vehicles were examined in this study: ambulance, rescue vehicle, pump truck,
mountain rescue vehicle, safety support vehicle, equipment transport vehicle, command vehicle, water tanker,
and fire investigation vehicle. A total of 31 samples of rescue equipment were analyzed, including 36 samples
when including the breathing apparatus charging stations. The equipment used for noise source evaluation was
a 1/3 octave band frequency analyzer. The measured values included LAeq, LCpeak, and LAFmax, and the LAeq
and LCpeak values were assessed for each frequency. The noise levels inside the fire vehicles were evaluated
based on the window status (whether open or closed) with noise sources including sirens, horns, radios, and
simultaneous noise. For the rescue equipment, the evaluation was conducted from the position of a rescuer’s ear
during operation.

Results: There was a statistically significant difference (p{0.05) in all noise sources based on the window status,
with noise levels increasing when the windows were open. The 1/3 octave band analysis of the motor—driven siren
and electric siren in the rescue vehicle showed that the motor—driven siren produced higher noise levels at high
frequencies. In the worst-case scenario (simultaneous noise, windows open), the highest noise levels were
observed in the command vehicle, with a noise level of 103.1 dBA (123.1 dBC), followed by the mountain rescue
vehicle at 99.9 dBA (111.1 dBC).
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When comparing the noise levels of rescue equipment based on the drive method, pneumatic equipment showed
a statistically significant difference (p<0.05), with battery—powered equipment producing lower noise levels than
engine—driven equipment. The noise levels of cutters and chainsaws were lower in the battery—powered versions
compared to engine—driven models, but the difference was not statistically significant. While cutting metal with
a cutter, an increase in noise levels was observed in the high—-frequency range (4-8 kHz).

Conclusion: The noise levels generated by fire vehicles and rescue equipment are high, and exposure to such noise
could lead to hearing loss in firefighters. Therefore, engineering measures should be implemented to reduce noise
in fire vehicles, and battery—powered equipment is recommended over engine—driven models for rescue
operations. Additionally, the implementation of appropriate hearing conservation programs, including the use of

hearing protection by firefighters, is necessary.

Key words: Firefighter, noise assessment, fire vehicle, rescue equipment

LA B
AT RES e faaRl(es, ka4, £4,
A7] 59 === (Lees et al., 19955; Tubbs, 199),
2 2ABEH, o, SEAAES, AdH AE
A, AEIAES, AW )l =EFHo ot
(Cimino et al., 1995; Gist & Woodall, 1995; Golden
et al., 1995; Melius, 1995; Reichelt & Conrad,
1995; Weaver & Arndt, 1995). 2023 AR EA AR
o W2 AREEYS] = 67,3580H, AN 1
o] gsk= A= 78070t A& R YL =
5,432 02 dijd 75kl gl R2EE e ¢
7 1,199,183 208 F555(3,504,7207) th3o &
WTH(NFARI, 2023). F+2H¢-2 3] AaLE Egstod]
WAL, 57371, )17 1F, AR 3, 91%] &)1, Akt
=, 719, B, 29, 7= AL & "y 9], 3
7] At 8y AA, 54, AR MY 5 o o
et AFE 3T
AU HZE2 JARE T
583 gdo|tf, AT FHS 8
=1, L= &F5] o] £2 &
dollA B4 g A4ekal & 4= UtHHong et
a3y FPFF AL &R I HY S48 AgFo]
o, P SAEE JEEE F7 A9 YITHNIH,
1990). AlE7H] 384 7|1& A48 EH A2 &
gt AE =2 429 &5 H([Rackl et al,. 1979;
Tubbs, 1985; Tubbs, 1991; Tubbs, 1994; Hong &
Samo, 2007; Hong et al., 2008; Lee et al., 2011;
Neitzel et al., 2013; Kang., 2019), & &5+
AU AF Afoldll, ooje, 7], B, Azl
A5 2 FRRARE, 37198 & 9)E I9A 3

o
ol
I3
lo rgl %
N
o
> T
=)
o

o)
o [

www. kiha.kr

tHEwigman et al., 1990; Hong & Samo, 2007;
Hong et al., 2008). Reischl et al.(1976)= AFF At
ojdl, o0&, FAH 420] 100 dBAE I3ttty B
5193, Rackl & Decker(1979)= &% A HHA
Atoldl A207F FHd 110 dBA 579 420 &4
o}l 2rHsl9tt Davis & Dotson(1987)= F2oi¢
o] ARESHIL Qe R FH[Y A3l 115
dBAE =I51lal, &, &, A A, A dF
7] 59 &E Al AFTIES =2 450 =E2HH
5ttt Burkell(1978)= 2t AHfo] AR
Sh= 2] T 3719 B3 AR XIEolA T
Aot 222 110~120 dBA F&Fo0]H, E3F &2 9
g2 9 & e 7tATo] IdEHYS 1 140 dBAE
ZI6k= Ago| =E3HTL HIsHgTh o|E¥o=
2HAR9] Atoldll 432 120 dBA oA} 4&g0] YLEE
AAEo] lom, o]z AN k& gH 4 AYlE
o] ¢tds ol €83t SFo]tHong & Samo,
2007). golA= B IGAREARY] Atoldl A=
b Ao =HE 20 m Gold fIA|94 90 dB °l4,
120 dB ©oJst=2 A5t JTHMOLIT, 2024).

2 A9 582 AgApEA WAgst= Aleldl, 74

1. g4 U
1. &7 thed
2 A= &84 33HA, B, O°lA &R 9F

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 71-80



AHIRIZF X2 7

o o

FEA, TR, B, LW, Py,
oFH A, AT, B, SARAD] A
2 2AsTh A4 AdAE TER, PR,
a7, gueN, AT, BEAY A 222
9T, 2A AL FEA, TR, B

o,
m’
EN T QT
= oxl oL mo

©
-
BN
b
N
o
R
uici)
[H
D
1o
it
=
B>
1:1[0

(0]
Ay

S
_?L
30,
o

25 SFotAE AUA A= T 7307H), &
% 75(011d), 182 &A C= F 4356
e F2AHE AR o WSt &3S BIISHA
o} £ Aqte] aEE F2AH|9 = 3719 A8
o), A7|(7H), AJETH) «o= WAtk F274H|
9] 5 WA i 4] W4 13, X wHA] 124,
A= A 11712 ARG

2. A2 53 U By
ARG 9 PR £ 2R Fe 14 7]

5°] U= AAALSA(Type 2250, B&K, Naerum,
Denmark)E ARSI, FukE 242 Type 4189
nlo] 32 E(B&K, Naerum, Denmark)S A2F5F 1L,
A8 Class 1(0.5 dB + 1 dB), Fu<= £4(1/3
SEFE WIE) H9E 12.5 Hz~20 kHzol9 1L, &% &
A 7Fs ¥+ 20~140 dBolth. A2,EL Lacg
Lc.peaks LaFmax, Lafmin® YEFHET], Lieqe A 7F5A]
B2 e tiet AR A9 RS EEE B
e HEF I ARE BUY HE ASSFEo|H,
Le.peae C 7FEA (2 A5Fo49] ARt A9 bt
2 ELE HA)E H83 &HFos WA M
AFFFEOIH, Lafmax, Larmine A 7FSX2}F #HEE(Fast)
kS B4 ettt 49 P 34, B2 AgeE
el

489 ZHe 2] YRolH LAY A F

et FEEH| 2S A0 ME A34F 2 Fo4 £ Hu 73

SOl UAISHAT Aol 48 24 22U

A goolA] olFolet. TGS £ ZHS w7
A8, WALS + 7 PR BF 20E FE]
=RRAL, QR TR AABDE BAS A
T o 498 B7h o= Stk TR &

S =4 A7RS 30~60%E FT, pF AL F9
A1719] Wl WAooz Qs 10%x U= skt

r{o

3. 0| X2 ¥ 2

2 A= SPSS 29.0 &A WZIA(IBM Corp, NY,
USAYE AH&stal R 0.055 8ot FAES
= F¥oith. AARFY AW ASeEo] A
A2 el wEt Aozt Al th-&HEE(paired-
sample) t A &0l 45U A2 7iH] W&
Atoldll, BA, FAl &9 AolE SHER t AFPLE
AT v A Aol wE A A=E
AZHol| et &A353(dB) AolE HE UEHTh

T2AH 9] G5 WA AZSTS H|WsH] fIshiA
SHEE ¢ A3Z ARSI 3, 2 A+ e
H(1/35EE WiE) 42520 BuE 93 Sigma
Plot 14.0 3}7]R|(Systat Software Inc, CA, USA)E
Abgste] Fued AT HIE AlZeeol

n.& i

N
olI

N

Y] Yi A4 R0 Agd 397t

o] &3] AeHt} w2 A oE YEITHTable 1).

el iRl &89 uigas2 ARl &

ME 3L 68.7 dBAE UER} &Ho] &3l A

45.8 dBA Hr} &ttt Tl AuPXEFo|A] WAy
= AU Aol Aol S W FE

P
I

}

o
gl

< do b
4122 %

st

Table 1. Comparison of Laeq noise levels (dBA) between background noise and noise sources

: Mean(SD)
Window status - " P-value
N Background N Noise level
Open 4 68.7(5.1) 67 88.5(7.6) ¢ 0.01
Close 18 45.8(14.6) 65 81.3(6.3) ¢ 0.01

" Total noise level of fire vehicles including electro-mechanical siren, electronic siren, horn, and simultaneous noise
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Table 2. Comparison of Laeq noise levels (dBA) by noise source based on the window status of fire vehicles

) Mean(SD)
Noise sources N P-value
Open Close
Air horn 16 82.7(8.3) 76.0(6.1) {( 0.01
Electronic siren 18 88.9(5.1) 81.7(4.5) { 0.01
Electro-mechanical siren 14 88.3(4.9) 81.7(6.4) { 0.01
Simultaneous noise” 17 94.4(6.6) 85.6(4.8) { 0.01

" Activated the three types of sources(electronic siren, electro-mechanical siren, and horn)

Table 3. Comparison of Laeq noise levels (dBA) by noise sources for each fire vehicle based on window status

Electro-mechanical o . Radio of Radio of Simultaneous
Fire vehicle o Electronic siren Air horn LTE" UHFE" noise

Close Open AL Close Open AL Close Open AL Close Close Close Open AL
Ambulance 780 842 62 798 837 89 683 754 7.1 77 912 816 896 8
Rescue vehicle 877 936 59 798 90 102 823 91 8.7 81.1 773 889 967 7.8
Water tanker 812 873 61 785 826 41 699 748 49 83.1 83.8 815 90.8 93
Mountain rescue vehicle 86.1 916 b5 937 993 56 786 845 59 85.1 84.7 9%5 999 44
Safety support vehicle 778 865 87 757 773 16 76.2 91.1 80.1 852 5.1
Equipment transport vehicle 86.7 913 46 698 736 38 85.2 88.4 878 919 41
Command vehicle 728 881 153 827 926 99 753 843 9 8b.4 874 829 103.1 20.2
Fire pump truck 843 867 24 819 8.8 39 823 87 64 77.3 825 892 922 3
Fire investigation vehicle 822 868 46 721 797 76 74.1 889 828 8 52
Mean 81.7 833 6.6 817 89 72 76 823 63 80.6 85.1 866 94 84

" Only measured a radio (LTE, UHF) noise level with a closed window
T Activated the three types of sources (electronic siren, electro-mechanical siren, and horn)

Table 4. Comparison of Lc - peak Noise levels (dBC) by noise sources for each fire vehicle based on window status

Electro—mechanical Electronic siren Horn Radio*of Radio *of Simult_an?ous

Fire vehicle siren LTE UHF noise

Close Open AL Close Open AL Close Open AL  Close Close Close Open AL
Ambulance 928 980 52 9.2 1033 81 901 943 42 100.7 1M1.1 975 1044 6.9
Rescue vehicle 995 1064 69 9.6 1037 7.1 995 1075 8 1056.3  102.6 104.1 1111 7
Water tanker 96.2 101.8 56 981 997 16 966 993 2.7 1042 106.9 101.2 105.7 4.5
Mountain rescue vehicle 107.8 109.0 1.2 111 1151 41 1047 1053 0.6  109.9 110 1124 1144 2
Safety support vehicle 952 1024 72 927 954 277 100.9 114 97.3 1034 6.1
Equipment transport vehicle 103.5 1071 36 98 935 -23 1118 109.8 1044 1083 3.9
Command vehicle 941 103.0 89 1009 1075 66 963 1006 43 1085 1083 104.2 123.1 189
Fire pump truck 97.8 101.1 33 1028 1015 -1.3 1009 103.8 29 104.7 107.1  104.2 108.3 4.1
Fire investigation vehicle 959 100.1 42 904 973 6.9 97.8 112 99.1 1029 3.8
Mean 97.0 1025 55 993 104 47 95 1005 4 1049 1081 1028 110 7.2

" Only measured a radio (LTE, UHF) noise level with a closed window
T Activated the three types of sources (electronic siren, electro-mechanical siren, and horn)

o] 7/jHtE 7% 88.5 dBAE AFo] =3l Aol 81.3 2 AHo] 2 ASA(E Ato]d, A7 Aol
dBA Eroh =9t olfigh AL AY TFS B BE BA A9 B A Hole 4 6.6
Aglol B% BAFoz fogt oz yeRdtt  dBA, 7.2 dBA, 6.3 dBA, 8.4 dBAo|H, FEo] i
(Table 2). H A7t 29 AHED A35FEL TR Aoz
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Figure 1. Comparison of 1/3 octave band noise levels between the electronic siren and electro-mechanical siren of the rescue

vehicle
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Table 5. Comparison of noise levels of rescue equipment used for different tasks in rescue operations

Types of an equipment N MEEIED)
LAFmax LCpeak

Total 35 92.4(16.4) 98.0(14.4) 113.3(14.7)
Chain saw 6 99.2(19.4) 102.6(15.7) 115.8(16.1)
Cutter 7 90.0(18.2) 93.9(14.4) 107.1(13.4)
Cutting saw 2 95.6(1.6) 96.9(1.3) 111.5(1.8)
Generator 1 90.7 91.8 110.0
Pneumatic equipment 8 84.6(10.8) 88.4(7.8) 103.8(8.8)
Propeller 1 107.9 111.6 127.7
Rope gun 2 103.7(2.2) 118.2(0.8) 138.2(1.6)
Tranquilizer gun 2 96.7(1.2) 108.0(0.5) 133.6(0.4)
Air gun 2 109.7(7.6) 113.1(5.9) 125.9(7.6)
Fill in the SCBA 2 79.9(4.1) 92.93.7) 107.4(3.2)
Remove the SCBA 2 104.9(1.8) 111.6(0.4) 123.3(1.1)

* Abbreviation: SCBA, Self-contained breathing apparatus; SD, Standard deviation
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Table 6. Comparison of noise levels among the model of rescue equipment

Equipment Model (N) Types of power LAeq Lcpeak - LaFmin
Chain saw 540ixp 100.5 114.1 102.8 96.6
: Battery
Bci300 95.5 108.8 96.8 64.0
SE/365 113.1 130.1 115.3 87.3
560XP Engine 113.7 129.9 115.9 85.0
Special 365 (N=2) 109.9 124.0 110.6 108.7
Cutter K970Rescue Engine 113.6 128.7 115.3 99.2
HS-119 (N=3) 95.0 108.7 97.0 73.4
DTM51 83.8 100.6 86.7 57.3
Battery
DCT405 94.1 107.0 95.3 93.3
K 535 91.3 104.5 93.6 55.3
Cutting saw DJR186 94.5 110.2 95.9 93.2
Battery
DCS389 96.7 112.7 97.8 69.1
Generator GX 160 Honda 5.5 Engine 90.7 110.0 91.8 87.1
Pneumatic Lukas _ 96.2 115.3 100.7 88.3
equipment Engine
W-SAM 20 92.6 111.6 93.5 92.0
Holmatro (N=4) Engine or battery 94.2 110.6 96.6 82.8
Unknown ™ 63.5 92.0 78.7 56.6
N Battery
Unknown 84.7 102.3 85.4 84.0
Propeller ME3OMH Engine 107.9 127.7 111.6 102.7
Rope gun STR-300 (N=2) 103.7 138.2 118.7 50.1
. Compress
Tranquilizer gun STN 312N (N=2) 95.7 133.6 108.0 51.0

" There is only one sample without (N)
T Unidentified model of this equipment

Table 7. Noise comparison based on the power of rescue equipment

. Battery type Engine type
Equipment P-value
N Mean(SD) Range N Mean(SD) Range
Chain saw 2 98.0(3.5) 95.5-100.5 4 99.8(25.0) 62.4-113.7 0.897
Cutter 6 86.1(6.4) 57.1-106.1 1 113.6(-) - -
Pneumatic equipment 4 80.7(3.5) 78.6-84.7 4 92.7(3.5) 87.9-96.2 0.030
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ARt g5 o] SAIASO] EHY, IES BA
st7] QoAM= A= NHest S5 "t Bt o]
gt AoA 7P =2 A0 k= A A9
ApolH, AS4EL2 103.1 dBACIRIL. AFAE= RE
AR QoA AFEE BAISHoF A 4~67HY] A7
Al Atoldlld} 1~2709] HE 4] Afo]dlS A Skl Glof
7MY =2 A5 LEFE AoE FHHEY. g s
= & ARoA ARESHE FERFEAA), ARfERAR
e 7Y Al BAIAS0] 96.7 dBAY 99.9 dBAZ ot
£ AREY 22 &30 &= A2E YERth
n|gox= Al&SHA @A) Z&sfof sk 11g%h
4% Al Code-3 responses(Atoldll, oloj&, B) &
52 AAIRIEHTubbs, 1991). Reischl et al.(1979)=
Code-3 ¥& Al AF WH SEHHWME A3S 574
sttt Ateldl 4222 106 dBA, olol& A2 105
dBA, L2 A2 107 dBA, AA A2 104 dBA
2 AL, 7MY =2 &5Y S Aol 2
kHz(105.3 dBA), 9lol& 1k Hz(105.3 dBA), gH2
0.5 kHz(108 dBA), A4S 2 kHz(100.3 dBA)Z
UERGT 2 AFoAs A ARAQ] HIixo] Ay 4
25520] [7]14] Ato]dll 86 dBA, HEJA] Atoldl 82.8
dBA, oloj€ 84.6 dBA, F317] 43 89.1 dBACISIS
o, 7P =2 &A%Y Fuaes 714 Ateldl 0.8
kHz(91.6 dBA), ®E4] Alo]dl 0.8 kHz(87.8 dBA),
ooj& 1.25k Hz(90.8 dBA), =t A2 2.5kHz
(96.3 dBA)°ISIT}. & A9} Reischl et al.(1979)0
Al BHE g Q &0l 7P Fth Aleldl Hs Al 3
m(10 ft) AFHA Y &F 52 HEA] AloJdlo] A
714 AfoldlETh 22 ASeES HEQtKEldred &
Sharp, 1972).

2 A= cutter 252 Aot HE 2|9
AL25ZF0] 90 dBAS 27519} Root et al.(2013)
T RSOl ARSShe R AH|Y A5E BUISIY=
o] 85 dBAE ZIotutial Huskal Qlo] 2 Aot
Hs5t 27E Rt 2299 #4389 FHulds
(&g TA)o] HY &4 FF2 & 4 UHRackl &
Decker, 1979). +2H¥2 &5 5 Aloldl, A4 4
T4 A0 =&E 4 1, 4 5o= T Y
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$£4o] ojm] A= = A(Rackl & Decker,
197902 13t HFE &4 FHoRgE FHEQl Ao
2 odEh

Neizel (2013)2 2FF £& /0T off A&sk= &
71948 EZ ARESto] d F2ES AU of WAck=
Fd) £354%0] 114.6 dBAZ HU3IQct B A1:=
7148 A9 AF4FE0] 92.6-96.2 dBA FO&2
Neizel & Hong(2013) d+Xc}t @ttt o|#st Ax}
= 2 AFolA F7I9E AEY AXIRE A AEfollA
A5 S0I7] "ol FREE ddotHA e
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7l dpuch we Aoz A Hebd, A4 4
WEnde] B79Y S 8T 1 nBEE 48
T2

o H A9 HPA|HT & A0 AgHTY
AQlE 50l et &5 95.5-113.7 dBAE H
ERgT ARIES AxlAF) viEEjal o2 FRIF 4= Q=
o], l%14]o] 112.3 dBAC|IA L, HHE| 4] 98.0 dBA®]
2}, Root et al.(2013)= & A1} FARH AUSE
459 £84FS 99-108 dBACE HIUSIHTH
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et al., 2008)=]1 911, X W BAl A|A"H 9 1
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